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MEASUREMENTS  AT  RIVER  STATIONS.' 


WISSAHICKON  CREEK  NEAR  PHILADELPHIA,  PENNSYLVANIA. 

This  station  is  described  in  the  Twentieth  Annual  Report,  Part  IV, 
page  94,  followed  by  tables  of  monthly  flow  for  1897  and  1898.  In 
Water-Supply  Paper  No.  35,  page  74,  will  be  found  the  figures  for  the 
daily  discharge  for  1899,  ending  with  June  5,  when  the  observations 
were  discontinued  temporarily,  and  were  not  again  resumed  until 
July  1,  1900.  The  figures  for  monthly  flow  for  1899  and  diagrams  of 
daily  discharge  for  the  entire  period  of  observation  (1897  to  1899, 
inclusive)  will  be  found  in  the  Twenty-firat  Annual  Report,  Part  IV, 
pages  81  and  82.  The  following  tables  contain  the  figures  for  the  daily 
discharge  from  which  the  diagrams  were  constructed,  as  well  as  those 
for  1900,  diagram  for  which  is  not  yet  plotted. 

Daily  discJiarge,  in  second-feet^  of  Wisiahickon  Creek  near  Philadelphia^  Penn- 
sylvania, for  1897, 

[Drainage  area,  64.6  nqnare  miles.] 


Day. 

May. 

Jnne. 

July. 

1 

84 

87 

74 

187 

168 

117 

75 

182 

1,384 

2S8 

152 

141 

181 

121 

105 

112 

108 

111 

97 

100 

108 

88 

84 

81 

74 

70 
68 
67 
67 

62 

2 

72 

3 

4 

68 
60 

5  

91 

83 

75 

71 

71 

78 

74 

77 

345 

182 

140 

117 

08 

86 

84 

79 

77 

99 

91 

85 

204 

89 

77 

72 

69 

110 

216 

95 

56 

6 

56 

7 

53 

8 

67 

9 

82 

10 

32 

11 

32 

12 

54 

13 

50 

14 

59 

15 

16 

43 
51 

17 

41 

18 

36 

19 

90 

20 

64 

21 

96 

22 

2,817 

23 

187 

24 

268 

25 

139 

25 

121 

27 

131 

28 

768 

29 

336 

30 

223 

31 

184 

Mean 

148 

204 

Aug. 

Sept, 
76 

Oct. 

Nov. 

Dec. 

162 

41 

68 

65 

148 

102 

25 

432 

65 

139 

74 

24 

132 

65 

131 

55 

29 

77 

74 

134 

59 

32 

65 

276 

128 

67 

30 

46 

136 

120 

67 

29 

45 

86 

108 

53 

29 

48 

75 

119 

52 

28 

54 

75 

117 

52 

27 

75 

75 

160 

36 

26 

57 

75 

110 

49 

32 

53 

93 

101 

68 

38 

45 

98 

90 

a5 

30 

35 

296 

560 

32 

29 

39 

833 

497 

32 

28 

28 

162 

158 

a5 

24 

32 

133 

108 

&<> 

24 

34 

111 

97 

35 

24 

40 

108 

93 

35 

25 

35 

98 

82 

30 

26 

33 

94 

79 

29 

31 

39 

105 

88 

31 

30 

42 

94 

388 

41 

28 

40 

84 

142 

33 

74 

30 

80 

97 

34 

89 

51 

73 

91 

2£i 

39 

211 

75 

85 

36 

30 

98 

75 

78 

49 

29 

68 

77 

80 

45 

29 

65 

82 

79 

27 

111 

147 

47 

32 

71 

127 

1  Continued  from  Water-Supply  and  Irrigation  Paper  No.  47. 


107 


108 


OPERATIONS    AT   RIVER   STATIONS,   1900. PART   II.         [no.  48. 


Daily  discharge,  in  second-feet,  of  Wissahickon  Creek  near  Philadelphia,  Pennsyl- 
vania, for  1898, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

1« 

17 

18 

19 

20 

21 

22 

33 

24 

25 

26 

27 

28 

29 

:» 

81 

Mean 


Jan. 

Feb. 

Mar. 
118 

118 

113 

91 

110 

115 

80 

113 

119 

74 

118 

115 

70 

116 

110 

71 

108 

110 

75 

98 

110 

71 

9:3 

108 

64 

93 

9<1 

08 

93 

93 

67 

104 

96 

97 

146 

96 

136 

143 

91 

105 

108 

91 

215 

108 

87 

177 

96 

84 

105 

93 

86 

78 

98 

84 

75 

120 

82 

132 

1,512 

79 

2£i 

338 

89 

134 

210 

101 

751 

158 

105 

193 

140 

113 

140 

133 

113  1 

205 
201 
128 
125 
118 
113 

130 


130 
128 
1^ 


98 
84 
104 
157 
857 
138 


143 

110 

101 

93 

101 

101 

101 

100 

91 

87 

87 

87 

87 

93 

93 

87 

79 

75 

75 

79 

79 

75 

75 

108 

122 

107 

98 

225 

235 

107 


176 


110  !   103 


98 
89 
73 
77 
79 
79 
111 
744 
256 
136 
125 
125 
235 
118 
281 
242 
:]23 
139 
131 
155 
230 
125 
110 
128 
128 
146 
116 
118 
107 
107 
100 

162 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

D«»c. 

94 

44 

29 

24 

19 

46 

129 

93 

34 

80 

24 

19 

29 

107 

86 

35 

68 

24 

IB 

24 

103 

84 

a5 

79 

24 

18 

26 

a>4 

80 

34 

164 

23 

19 

24 

923 

79 

84 

108 

23 

18 

213 

182 

79 

84 

64 

28 

16 

27 

142 

77 

33 

64 

22 

17 

38 

125 

79 

32 

66 

20 

17 

29 

110 

78 

32 

84 

22 

16 

170 

101 

74 

81 

158 

22 

15 

248 

93 

70 

80 

125 

20 

17 

82 

03 

68 

30 

118 

21 

19 

63 

93 

68 

29 

83 

21 

21 

65 

93 

60 

29 

76 

20 

24 

75 

86 

64 

30 

79 

21 

26 

70 

80 

70 

28 

108 

21 

18 

79 

79 

W 

26 

416 

20 

20 

125 

75 

61 

28 

859 

19 

29 

918 

H4 

62 

30 

123 

19 

28 

176 

294 

61 

82 

65 

19 

37 

m 

143 

55 

64 

55 

19 

61 

89 

129 

55 

64 

44 

28 

35 

140 

5:31 

55 

32 

40 

83 

26 

141 

166 

54 

30 

55 

25 

22 

118 

122 

54 

48 

42 

25 

47 

UK 

115 

46 

248 

42 

26 

70 

KKJ 

»8 

125 

79 

26 

21 

60 

100 

80 

79 

50 

27 

20 

44 

1(S8 

84 

60 

84 

70 

19 

31 

129 

101 

81 
43 

67 
111 

22 

48 
28 

118 

143 

71 

163 

Daily  discharge,  in  second-feet,  of  Wissahickon  Creek  near  Philadelphia,  Pennsyl- 
vania, for  1899, 


Day. 


1 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 


Jan. 

Feb. 
119 

Mar. 

285 

Apr. 
191 

May. 

89 

1 
June. . 

141 

45 

106 

106 

245 

176 

96 

42  1 

106 

110 

233 

175 

103 

42  ' 

120 

204 

236 

178 

98 

83  1 

412 

204 

1,059 

159 

80 

21  1 

574 

113 

365 

151 

80 

573 

113 

241 

166 

87 

1 

220 

113 

204 

451 

87 

1 

194 

113 

186 

205 

75 

1 

154 

113 

198 

152 

76 

1 

140 

113 

198 

140 

105 

1 

132 

118 

198 

140 

108 

1 
—  ..1 

118 

113 

540 

140 

90 

1 

144 

113 

208 

137 

87 

...... 

149 

113 

346 

129 

87 

......  1 

140 

U3 

869 

142 

87 

232 

149 

186 

142 

87 

Day. 


lb 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

39 

80 

31 

Mean. 


Jan.  Feb.  Mar. 


147  '  227 

118  I  860 

116  I  466 

115  '  486 

106  I  779 

106  680 

259  359 

925  250 

184  245 

142  1,285 

133  428 
136 
136 
136 


207   271 


273 
608 
840 
202 
621 
828 
2:32 
202 
216 
198 
434 
813 
260 
218 

8^ 


Apr. 
129 

May.| 

96 

139 

90 

123 

73 

115 

68 

106 

75 

106 

90 

106 

96 

106 

75 

106 

64 

106 

64 

101 

54 

98 

50 

95 

69 

54 

146 

81 
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iMtily  diacharge,  in  ftecond-feet,  of  Wissahickan  Creek  near  Philadelphia,  Pennsyl- 
vania, for  1900, 


Day. 

July. 

Aug. 

47 
24 

20 
16 
16 
17 
20 
17 
17 
15 
12 
98 
31 
31 
24 
18 
18 

Sept. 

Oct. 

64 
40 
17 

IJ 

14 
12 
27 
54 
47 
23 
15 
16 
274 
92 
54 
,35 

Nov. 

Dec. 

23 

24 

34 

247 

219  1 
47 
31 

;w 

38 

38 

52 

62 

41 

24  1 

31 

30 

2»  . 

Day. 

1 

18 

19 

20 

21 

22 

2:^ 

24 

25 

July. 

13 

9 

10 

18 

21 

114 

114 

19 

116 

83 

26 

17 

176 

219 

42 

Aug. 

59 
152 
80 
43 
27 
22 
26 
31 
22 
47 
40 
40 
B2 
27 

Sept. 

39 
17 
17 
14 
14 
12 
13 
13 
10 
10 
18 
13 
87 

Oct. 

25 
19 
19 
21 
21 
21 
20 
17 
17 
14 
12 
15 
17 
15 

Nov. 

11 
12 
14 
13 
12 
11 

10 

11 
367 
86 
26 
20 
25 

29 

Dec. 

1 

15 
17 

20 

17 
17 
20 
17 
17 
16 
40 
54 
32 
15 
13 
15 

16 

15 

15 

18 

15 

13 

10 

9 

8 

13 

13 

9 

8 

9 

12 

278 

85 

18 
17 
15 

1? 

18 
14 
14 
16 
15 
10 
15 
18 
14 
13 
11 
11 

24 

22 

,i 

4 

21 
21 

5 

« 

21 
21 
21 

S 

21 

9 

26 

20 

10. 

11    

27 

28 

SO 
20 

12     

29 

20 

13 

;«) 

20 

14 

31 

30 

15 

Mean  . . 

Irt 

IT 

85 

21} 

34 

42 

SCHUYLKILL   RIVER   ABOVE   PHILADELPHIA,  PENNSYLVANIA. 

This  river  is  described  in  Water-Supply  Paper  No.  35,  page  74.  Rec- 
onls  of  the  height  of  the  river  at  Fairmount  dam  have  been  kept  for 
many  years,  but  measurements  for  computing  the  daily  discharge  were 
not  made  until  1898.  Tlie  first  of  the  following  tables  does  not  represent 
the  total  flow  of  the  stream,  but  the  amount  wasted  over  the  flash  boards 
at  the  dam,  to  which  must  be  added  the  pumpage  from  the  river,  the 
leakage,  and  the  quantity  used  for  power  at  Fairmount.  The  second 
table  is  an  estimate  of  the  total  monthly  yield,  in  cubic  feet,  including 
the  foregoing  items.  The  figures  were  furnished  by  Mr.  John  E.  Cod- 
man,  hydrographer  for  the  water  department  of  the  city  of  Philadelphia. 

Daily  discharge,  in  second-feet,  of  Schuylkill  Ricer  above  Philadelphia,  Penm^yl- 
vania,for  19oo,  being  a^nount  waited  over  flashboardn  at  Fairmount  dam. 


Day. 


Jan. 


Feb.    '   Mar.   ;   Apr.       May. 


1. 

•* 
*^ . 

3 

4. 

6. 

i . 

H. 

9 

1". 
II 
12 
13. 
14. 
15 
16. 
17. 
IS. 
19. 
ISO. 
21. 

23; 

24. 

25. 
36. 


•is. 
2». 

31. 


July.  '    Dec. 


7,013 


1  «>?•» 

3.579 
2,198 
1.275 
944 
685 
675 
450 

156 
a53 


15.673 

8,103 

3.()77 

3.890 

5,618 

3.441 

1,712 

1,348 

14.009 

15,91X5 

8,531 

5. 706 

3,359 

2,4«* 

2,076 

1.095 

1,349 

14,183 

21,798 

12,626 

8,235 

4,742 

4.642 

2,076 


5, 
19. 
13. 

^ 

<. 

5, 

3. 

3. 

3, 
•> 

2. 

o 

«•« 

1, 
1. 
1, 

1. 


4. 
9. 
3, 
2. 
2. 

9 

"j 

1, 

2, 
2, 
1. 
1. 
1, 


526 
061 
197 
318 
122 
814 
814 
146 
277 
(We 
076 
551 
027 
027 
fJ27 
752 

',m 

3G9 
477 
24^3 
731 
641 
477 
689 
300 
699 
088 
088 
524 
348 
188 


1,027 

880 

613 

307 

425 

148 
280 

2,041 
2,041 

260 

1.362 

378 

........ 

644 

378 

2t30 

68 

r 

'238 

238 

1 

1 

18 

35 

1,697 

4.inc3 

6,243 
923 

1.4<M 

497 

411 

519 
369 

i:jo 



■■'sjii' 

211 

80 

54 

119 

2,861 

2,525 

923 

II 

Note.— The  axnonnt  wasted  over  the  flashboards  on  June  28  was  1,088  second-feot.  on  August 
13  it  was  79  second-feet,  and  on  November  27  and  28  it  was  4.3  and  18  second-feet,  respectively. 
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Total  monthly  yield  of  Schuykill  River  above  Philadelphia,  Pennsylvania^  for  1900. 


Month. 


Yield. 


Cubic  feet. 

January I    6,aiO,K»,000 

February 83,7n,128,000 

March 14,666,148,000 

April 

May 

June 


5,730,472,000 
6,073,978,000 
2,743,671,000 


Month. 


July , 

August 

September 

October 

November, 
December . 


Yield. 


Cubic  feet. 

2,866,566.000 

2,040,927,000 

1,229,059,000 

1,372,271.000 

1,579,662;  000 

3.429,617.000 


NORTH    BRANCH    OP    SUSQUEHANNA    RIVER    AT  WILKESBARRE,   PENN- 
SYLVANIA. 

This  station,  which  was  established  by  K.  G.  Paul  March  30,  1899, 
is  described  in  Water-Supply  Paper  No.  35,  page  76.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  88.  A  bench  mark  was  established  September 
26, 1900,  being  the  extreme  west  end  of  the  stone  doorsill  of  the  north 
entrance  to  the  Coal  Exchange  Building,  at  32.99  feet  above  datum 
of  the  gage.  During  1900  two  measurements  of  discharge  were  made 
bv  Mr.  Paul,  as  follows: 

May  20:  Gage  height,  5.60  feet;  discharge,  6,772  second-feet. 
September  26:  Gage  height,  2.20  feet;  discharge,  961  second-feet. 

The  measui'ement  of  September  26  was  made  at  Retreat,  Pennsyl- 
vania, 10  miles  below  Wilkesbarre. 

Daily  gage  height,  in  feet,  of  North  Branch  of  SusqueJianna  River  at  Wilkesbarre, 

Pennsylvania,  for  1900, 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

\2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


6.80 
6.20 
6.40 
6.80 
7.00 
7.(10 
6.00 
6.80 

6.10 
5.80 
,90 

60 


Feb. 


5. 
5. 


5.90 


60 
50 
50 
20 
10 
80 


14.65 

16.85 

1:3. 5(» 

10.30 

8.50 

7.80 

7.90 

6.20 

9.20 

9.00 

8.70 


7.40 

6.80 

6.30 

650 

8.40 

8.50 

7.90 

7.80 

14.45 

9.20 

9.80 

9.20 

9.20 

12.10 

13.65 

11.80 

9.20 

7.70 

8.90 

10.70 

9.80 

11.40 

16. 10 

14.75 

11.00 

8.80 

7.00 

8.50 


Mar. 


10.40 
17.75 
14.55 
11.8t» 
9.90 
8.40 
8.20 
8.10 
7.70 
8.40 
9.00 
7.80 
6.80 
6.30 
5.70 
5.70 
9.00 
8.10 
8.30 
8.50 
10.85 
9.70 
9.30 
8.40 
9.90 
8.70 
8.10 
7.10 
7. 00 
6.80 
6.W 


Apr. 


6.90 

7.50 

9.80 

11.20 

11.10 

9.40 

9.60 

11.70 

12.20 

10.90 

9.20 

7.90 

7.30 

7.70 

8.10 

7.80 

7.60 

10.08 

12.45 

12.40 

11.10 

10.00 

9.50 

11.30 

10.70 

9.50 

8.40 

7.50 

6.90 

6.50 


May. 


6. 
5. 
5. 


6.10 
6.80 
5.50 
.30 
,20 
00 
4.80 
4.70 
4.60 
4.60 
4.50 
4.80 
4.90 
4.80 
4.70 
4.70 
4.90 
5.00 
6.10 
5.60 
5.20 
5.00 
4.80 
4.60 
4.50 
4.30 
4.10 
4.00 
3.90 
3.80 
3.70 


June. 


3.80 
8.70 
4.20 
3.90 
3.70 
3.80 
3.70 
3.60 
3.60 
3.80 
3.90 
30 
.30 
,80 
30 
00 
80 
60 
3.50 
3.40 
3.30 
3.20 
3.50 
3.30 
3.30 
3.20 
3.20 
3.10 
3.10 
3.10 


July.    Aug. 


4. 

4. 
4. 
4. 
4. 
3. 
3. 


2. 
2. 


3.00 
2.80 
70 
90 
2.90 
3.40 
3.90 
3.60 
3.40 
3.20 
3.10 
2.90 
3.00 
3.0l> 
3.00 
3.00 
2.90 
2.90 
2.80 
3.10 
3.20 
3.10 
3.U) 
2.90 
2.90 
4.00 
3.70 
3.40 
3.20 
3.:i0 
3.30 


3.20 
3.20 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.40 
2.50 
2.50 
2.50 
2.80 
3.00 
2.90 
2.60 
2.70 
2.80 
2.80 
3.10 
3.10 


Sept. 


3.10 
3.00 
3.10 
8.00 
2.90 
2.80 
2.70 
2.70 
2.60 
,60 
70 
70 
70 
2.50 
2.40 
2.50 
2.40 
2.30 
2.20 
2.20 


2. 

2. 
2. 
2. 


2. 
2. 


10 
,20 
,20 
2.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.30 


Oct. 


2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
20 
20 
30 
40 
2.40 
2.60 
2.70 
2.60 
2.60 
2.70 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 


Nov.    Deo. 


2.7D 
2.60 
2.60 
2.60 
2.70 
2.80 
8.00 
2.90 
2.90 
2.90 
8.00 
8.10 
&dO 
8.60 
8.60 
8.40 
8.80 
8.20 
8.20 
3.10 
3.10 
8.20 
8.60 
4.00 
4.80 
4.70 
16.75 
20.75 
14.66 
11.80 


10.50 
9.20 
8.10 
7.40 
9.20 
11.90 
11.30 
9.90 
8.90 
8.20 
7.50 
6.60 
6.20 
6. 1(1 
alO.30 
9.80 
9.30 
8.70 
9.21) 
9.60 
«.40 


11.40 
11.40 


a  Ice  backed  water  at  gage. 


PENNSYLVANIA. 
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NORTH  BRANCH  OF  SUSQUEHANNA  RIVER  AT  DANVILLE,  PENNSYLVANIA. 

This  Station,  which  was  established  March  25,  1899,  by  E.  G.  Paul, 
is  described  in  Water-Supply  Paper  No.  35,  page  77.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  89.  A  bench  mark  was  established,  being  the 
extreme  south  end  of  the  stone  doorsill  at  the  east  entrance  of  the 
city  filtering  plant,  at  31.7  feet  above  datum  of  the  gage.  During 
1900  two  measurements  were  made  by  Mr.  Paul,  as  follows: 

May  20:  Gage  height,  4.60  feet;  discharge,  10,515  second-feet. 
September  25:  Gage  height,  1.60  foot;  discharge,  822  second-feet. 

Daily  gage  height,  in  feet\  of  North  Branch  of  Susquehanna  River  at  Danville^ 

Pennsylvania,  for  1900. 


Day. 


1 
2 

3 
4 
5 
6 

7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
30 
%\ 
22 
S8 
34 
25 
36 
27 
28 
29 
30 
81 


Jan. 


Feb. 

liar. 

(a) 

7.56 

(a) 

15.25 

(a) 

13.10 

(a) 

10.65 

(a) 
(a) 

9.25 

7.10 

(a) 

7.10 

7.30 

9.V0 

6.86 

9.90 

6.75 

7.60 

7.60 

7.80 

7.20 

9.40 

6.40 

9.60 

5.66 

11.20 

5.20 

10.40 

4.90 

8.30 

4.70 

7.30 

4.90 

6.70 

5.05 

5.00 

6.10 

4.70 

7.95 

5.05 

8.80 

,12.15 

7.95 

13.50 

7.40 

11.06 

7.40 

8.96 

7.66 

6.85 

6.95 

5.45 

6.60 

5.85 

5.90 

5.65 

Apr.     May. 


June. 


5.60 
6.80 
6.75 
8.40 
9.80 
8.45 
7.40 
8. 70 
9.76 
9.46 
8. 25 
7.10 
6.80 
6.10 
6.80 
6.66 
6.35 
7.00 
9.75 
10.66 
9.&5 
8.95 
8.10 
8.35 
9.30 
8.40 
7.40 
6.65 
6.10 
5.05 


6.35 
5.05 
4.80 
4.65 
4.40 
4.25 
4.15 
4.06 
4.00 
8.95 
8.85 
3.90 
4.10 
4.20 
4.00 
4.00 
8.80 
3.90 
8.90 
4.40 
4.40 
4.10 
8.90 
3.70 
8.60 
3.60 
8.40 
3.20 
8.20 
3.10 
3.00 


8.00 
2.90 
2.90 
8.60 
8.30 
3.10 
3.00 
2.90 
2.90 
2.90 
3.10 
8.10 
3.30 
3.30 
8.90 
3.50 
3.20 
3.00 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.70 
2.60 
2.60 
2.50 
2.40 
2.40 


July. 

Aug. 

Sept. 

Oct. 

2.30 

2.40 

2.20 

1.70 

2.30 

2.40 

2.20 

1.70 

2.30 

2.80 

2.20 

1.70 

2.20 

2.20 

2.20 

1.70 

2.20 

2.20 

2.20 

1.70 

2.30 

2.10 

2.10 

1.70 

2.70 

260 

2.10 

1.70 

2.90 

2.20 

2.00 

1.70 

2.90 

2.10 

1.80 

1.70 

2.70 

2.10 

1.90 

1.70 

2.50 

2.00 

1.80 

1,70 

2.50 

2.00 

1.80 

1.70 

2.40 

1.90 

1.80 

1.70 

2.30 

2.00 

1.80 

1.70 

2.30 

2.00 

1.80 

1.80 

2.30 

1.90 

1.80 

1.80 

2.30 

1.90 

1.70 

1.80 

2.30 

1.90 

1.70 

1.80 

2.30 

1.80 

1.70 

1.80 

2.30 

1.80 

1.70 

1.80 

2.20 

1.90 

1.70 

1.70 

2.40 

1.90 

1.70 

1. 70 

2.30 

1.80 

1.60 

1.90 

2.20 

1.80 

1.60 

2.10 

2.10 

2.30 

1.60 

2.30 

2.30 

2.10 

1.70 

2.20 

8.00 

2.20 

1.70 

2.10 

2.80 

2.10 

1.70 

2.10 

2.60 

2.00 

1.70 

2.10 

2.40 

2.00 

1.70 

2.00 

2.40 

2.00 

2.00 

Nov.  '  Dec. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2. 
2. 


10 
10 
2.20 
2.40 
2.40 
2.60 
2.60 
2.60 
2.50 
2.60 
2.50 
2.50 
2.60 
2.70 
2.90 
8.90 
8.45 
16.60 
12.65 
ia.20 


8.76 
7.15 
5.90 
5.50 
7.10 
8.80 
9.65 
8.65 
7.50 
6.85 
6.30 
6.55 
5.20 
5.00 
6.00 
6.80 
(a) 

(a) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

7.05 

8.6(» 

7.55 

6.95 

6.55 

6.30 


a  River  frozen. 


WEST  BRANCH  OP  SUSQUEHANNA  RIVER  AT  ALLENWOOD,    PENN- 
SYLVANIA. 

This  station,  which  was  established  by  E.  G.  Paul  March  23,  1899, 
is  described  in  Water-Supply  Paper  No.  35,  page  78.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
RejMjrt,  Part  IV,  page  90.  A  bench  mark  was  established  on  Septem- 
ber 24,  1900.  It  consists  of  a  copper  bolt  set  in  the  capstone  of  the 
wing  wall  on  the  lower  side  of  the  west  end  of  the  bridge,  and  is 
33.19  feet  above  datum  of  the  gage.  During  1900  two  measurements 
of  discharge  were  made  by  Mr.  Paul,  as  follows: 

May  19:  Gage  height,  3.3  feet;  discharge,  4,812  second-feet. 
September  24:  Gage  height,  1.8  feet;  discharge,  511  second-feet. 
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Daily  gage  height,  in  feet^  of  West  Branch  of  Susquehanna  River  at  AUenwood, 

PennsylvaniUy  for  1900, 


Day. 

Jan. 

4.50 
5.50 
5.70 
5.80 
5.90 
5.90 
5.90 
4.70 
3.70 
3.90 
4.20 
4.50 
4.40 
4.20 
4.00 
4.00 
4.00 
4.20 
4.50 
5.30 
13.20 
12.20 
8.50 
6.50 
6.30 
6.10 
5.30 
4.60 
4.60 
4.50 
3.20 

Feb. 

3.20 
3.20 
3.40 
3.40 
3.50 
3.60 
3.80 
4.50 
5.00 
5.30 
5.60 
5.30 
6.00 
7.70 
7.30 
6.50 
6.20 
5.40 
5.60 
5.90 
6.00 
8.20 
10.15 
7.85 
6.50 
5.00 

5.  a) 

4.80 

Mar. 

7.55 
9.60 
7.70 
7.00 
6.00 
5.40 
5.80 
5.90 
6.10 
6.40 
6.90 
6.20 
5.40 
5.00 
4.00 
4.00 
3.90 
8.80 
3.70 
6.20 
7.10 
6.90 
6.60 
6.10 
5.90 
5.50 
5.20 
5.10 
5.W) 
4.90 
4.80 

Apr. 

5.00 
5.30 
5.40 
5.80 
5.90 
6.20 
6.40 
6.20 
7.30 
6.00 
5.70 
5.30 
4.90 
4.80 
4.80 
4.60 
4.70 
6.00 
7.00 
6.90 
6.30 
6.20 
6.00 
6.30 
6.00 
5.60 
5.30 
4.80 
4.60 
4.40 

May. 

June. 

July. 

2.10 
2.30 
2.60 
2.60 
2.30 
2.30 
2.20 
2.20 
2.20 
2.30 
2.50 
2.70 
2.90 
2.80 
2.60 
2.60 
2.50 
2.40 
2.20 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.20 
2.20 
2.20 
2.20 
2.00 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.30 
4.20 
4.20 
4.00 
3.80 
3.50 
3.30 
3.30 
3.20 
8.20 
3.20 
3.20 
3.50 
3.40 
3.40 
3.30 
3.20 
8.20 
3.50 
3.50 
3.30 
3.20 
3.00 
3.00 
3.00 
3.00 
3.40 
3.20 
3.00 
3.00 
3.20 

3.90 
3,90 
8.90 
4.00 
4.10 
3.90 
3.60 
3.50 
3.40 
3.30 
3.20 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 

1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.40 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 

2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.80 
2.20 
2.2(J 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.10 
2.00 
1.90 
1.90 
2.10 
2.20 
2.40 
2.50 
2.60 
2.40 
2.40 
2.30 
2.20 

2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 

i.ro 

1.90 
2.40 
3.00 
5.00 
7.70 
15. 75 
10.05 
8.25 
6.60 

5.75 

2 

5.40 

3 

5.00 

4 

5.80 

5 

5.90 

6 

6.40 

7 

6.70 

8 

6.00 

9 

5.50 

10 

4.90 

11 

12 

4.60 
4.20 

13 

4.00 

14 

3.80 

15 

3.60 

16 

3.30 

17 

3.20 

18 

3.20 

19 

3.10 

20 

3.10 

21 

3.10 

22 

3.00 

23 

3.00 

24 

25 

26 

27 

28 

29 

3.00 
3.00 
3.00 
3.00 
3.00 

3.  a) 

30 

31 

3.00 

JUNIATA  RIVER  AT  NEWPORT,   PENNSYLVANIA. 


This  station,  which  was  established  March  21,  1899,  by  E.  G.  Paul, 
is  described  in  Water-Supply  Paper  No.  35,  page  79.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  91.  The  benoh  mark  is  the  extreme  east  end 
of  the  stone  doorsill  of  the  south  entrance  of  Butz's  store,  on  the  right 
bank,  and  is  28.83  feet  above  datum  of  the  gage.  During  1900  two 
measurements  of  discharge  were  made  by  Mr.  Paul,  as  follows: 

May  17:  Gage  height,  3.40  feet;  discharge,  1,778  second-feet. 
September  22:  Gage  height,  2.80  feet;  discharge,  418  second-feet. 


PENNSYLVANIA. 
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Daily  gage  height,  in  feet,  of  Juniata  River  at  Newport,  Pennsylvania,  for  1900. 


Day. 

Jan. 

4.10 
4.10 
4.60 
5.00 
5.00 
4.70 
5.20 
4.00 
4.20 
4.10 
4.10 
4.80 
4.60 
4.20 
3.90 
3.50 
4.10 
3.80 
4.20 
4.90 
10.60 
10.20 
7.20 
6.00 
5.20 
5.00 
4.80 
4.40 
4.40 
4.20 
4.10 

1 

4 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

\h 

16 

17 

lb 

19 

20 

21 

•>.> 

23 

24 

25 

2B 

27 

28 

29 

30 

31 

Feb. 


3.70 
3.40 
3.40 
3.50 
3.80 


4. 
4. 
4. 
5. 
5. 
4. 


40 
10 
20 
10 
60 
80 
4.60 
5.40 
9.40 
7.60 
5.90 
5.30 
4.90 
4.10 
4.20 
4.40 
11.70 
11.10 
8.20 
5.90 
4.50 
4.40 
4.60 


Mar. 

Apr. 

5.90 

4.50 

12.90 

4.50 

8.00 

4.50 

6.00 

4.40 

5.fi0 

4.50 

5.40 

4.60 

6.00 

4.50 

6.40 

4.40 

5.60 

4.40 

5.40 

4.40 

5.10 

4.40 

5.10 

4.30 

4.90 

4.30 

4.80 

4.30 

4.70 

4.30 

4.60 

4.10 

4.10 

4.00 

4.10 

4.00 

4.10 

4.40 

4.40 

4.70 

6.60 

4.50 

6.  SO 

4.50 

5.70 

4.60 

5.70 

4.70 

5.60 

4.70 

5.40 

4.70 

5.10 

4.40 

5.00 

4.30 

4.80 

4.20 

4.60 

4.20 

4.50 

May. 

Jirne. 

JtQy. 

4.10 

3.30 

3.30 

4.10 

3.30 

3.20 

4.00 

3.40 

3.10 

3.90 

3.70 

3.10 

3.80 

3.60 

8.10 

3.70 

3.40 

3.10 

3.70 

3.40 

3.10 

8.70 

3.30 

3.10 

3.60 

3.40 

3.10 

3.60 

3.50 

3.10 

3.50 

3.40 

3.10 

3.50 

3.30 

3.10 

3.50 

3.30 

3.10 

3.50 

3.30 

8.00 

3.50 

3.30 

3.00 

3.50 

3.30 

3.00 

3.40 

3.30 

3.00 

8.40 

3.30 

3.00 

3.50 

3.30 

2.90 

8.70 

3.30 

2.90 

4.00 

3.30 

2.90 

a  70 

3.30 

2.90 

8.70 

8.30 

2.90 

3.60 

3.30 

3.20 

3.50 

3.20 

3.10 

3.50 

3.20 

8.10 

3.20 

3.60 

3.10 

8.30 

3.40 

8.10 

a30 

3.30 

3.00 

8.30 

3.80 

3.00 

8.30 

3.00 

3.00 
3.00 
8.00 
3.00 
3.00 
8.00 
2.90 


2. 
2. 
2. 
2. 
2. 
2. 


90 
90 
80 
80 
80 
80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.30 
3.30 
8.70 
3.40 
8.30 
3.70 
8.60 


8.30 
3.20 
8.20 
3.10 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


2.80 
2.90 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
8.00 
3.00 
8.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
2.90 
8.70 
a  40 
3.30 
3.30 
8.20 
3.20 
3.10 
8.00 


3.00 

4.40 

3.00 

4.10 

8.00 

3.90 

3.00 

3.90 

2.90 

5.60 

2.90 

7.00 

3.00 

6.30 

3.00 

5.20 

3.00 

4.60 

3.00 

4.50 

2.90 

4.30 

2.90 

4.20 

2.90 

4.00 

2.90 

3.80 

3.00 

3.70 

3.00 

3.70 

3.00 

3.60 

3.00 

3.30 

3.00 

3.50 

3.00 

3.70 

3.00 

3.80 

3.00 

a  80 

3.10 

a  60 

3.10 

a  40 

4.00 

a  80 

6.30 

a  60 

11.60 

a  30 

8.00 

a  20 

5.70 

a  20 

4.80 

a  20 

a  20 

SUSQUEHANNA  RJVER  AT  HARRISBURG,  PENNSYLVANIA. 

Gage-height  observations  were  established  at  this  station  by  E. 
Mather,  president  of  the  Harrisburg  water  board,  in  1890.  Discharge 
measurements  were  first  made  by  E.  G.  Paul  on  March  31,  1897,  from 
the  Walnut  street  bridge.  The  station  is  described  in  Water-Supply 
Paper  No.  35,  page  80.  The  datum  of  this  gage  is  the  low- water  mark 
of  1803,  which  is  recorded  on  a  large  rock  above  the  bridge.  During 
1900  three  measurements  were  made  by  Mr.  Paul,  as  follows: 

Hay  16:  Qage  height,  2.42  feet;  discharge,  17,621  second-feet. 
September  21:  Gage  height,  0.08  foot;  discharge,  2,655  second-feet. 
September  28:  Gage  height,  —0.04  foot;  discharge,  2,857  second-feet. 
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Daily  gage  fieiglit,  in  feet,  of  Stisquehanna  River  at  Harrisburg,  Pennsylvania, 

for  1900, 


Day. 


1 
2 
3 
4 

0 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
30 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 


Jan. 


1.83 
l.«« 
4.50 
4.91 
4.83 
5.25 
5.50 
5.88 


4. 
4. 
4. 
5. 
4. 
5. 


91 
58 
50 
50 
91 
25 
5.25 
5.25 
4.66 
5.00 
4.83 
4.00 
4.26 
10.66 
12.00 
9.16 
7.25 
6.08 
5.00 
4.50 
4.08 
3.83 
2.50 


1 

Feb. 
2.91 

Mar. 
4.00 

Apr. 
4.16 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.00 

2.58 

1.17 

1.25 

1.00 

0.04 

0.83 

7.00 

1.83 

13.12 

4.00 

3.75 

2.60 

1.08 

1.00 

1.00 

.04 

.83 

5.83 

3.91 

12.33 

4.16 

3.50 

2.33 

1.00 

1.00 

.83 

.04 

.76 

5.25 

4.00 

9.60 

4.41 

8.38 

2.17 

1.06 

.92 

1.17 

.06 

.75 

4.50 

4.66 

7.91 

6.33 

3.08 

2.50 

1.33 

.75 

.92 

.04 

.75 

5.  OH 

4.33 

6.91 

6.00 

2.88 

2.67 

1.17 

.67 

.83 

.04 

.66 

7.25 

5.50 

6.00 

6.41 

2.83 

2.60 

1.33 

.67 

.58 

.04 

.66 

7.41 

5.00 

6.16 

5.08 

2.75 

2.17 

1.17 

.58 

.58 

.08 

.66 

7.08 

4.00 

6.50 

6.16 

2.50 

2.17 

1.42 

.50 

.58 

.04 

.75 

6.00 

4.83 

5.83 

6.75 

2.50 

2.08 

1.42 

.68 

.60 

.04 

.68 

5.25 

5.75 

5.66 

6.60 

2.42 

2.00 

1.33 

.50 

.42 

.04 

.66 

4.75 

5.50 

6.25 

6.58 

2.83 

2.00 

1.17 

.33 

.33 

.04 

.50 

4.08 

5.66 

5.75 

6.00 

2.42 

1.92 

1.08 

.88 

.17 

.25 

.56 

8.a3 

7.66 

4.66 

4.50 

2.42 

1.92 

1.06 

.25 

.25 

.83 

.75 

3.60 

8.00 

4.50 

4.33 

2.50 

2.00 

1.00 

.17 

.25 

.83 

.66 

2.91 

I    8.25 

4.00 

4.50 

2.40 

2.17 

1.00 

.17 

.25 

.75 

.66 

2.85 

7.41 

3.66 

4.41 

2.33 

2.17 

1.00 

.26 

.25 

.68 

.&3 

2.25 

:    6.00 

3.16 

4.33 

2.:j3 

2.00 

1.08 

.17 

.17 

.66 

.91 

2.08 

4.76 

3.00 

6.08 

2.25 

1.83 

.92 

.17 

.08 

.66 

.75 

2.08 

1    3.91 

3.00 

7.06 

2.50 

1.83 

.92 

.17 

.12 

.58 

.91 

2.06 

2.16 

3.91 

7.33 

2.92 

1.82 

.83 

.33 

.08 

.50 

.91 

2.00 

8.58 

6.87 

6.88 

2.17 

1.75 

.75 

.42 

.07 

.50 

.91 

2.16 

9.50 

6.83 

6.08 

2.83 

1.75 

.75 

.83 

.06 

.50 

.83 

2.41 

11.16 

6.00 

6.83 

2.68 

1.58 

.75 

.50 

.(H 

.50 

1.00 

2.16 

9.75 

6.75 

6.00 

2.42 

1.42 

.75 

1.25 

.04 

1.00 

1.08 

2:« 

6.88 

5.83 

6.25 

2.25 

1.38 

.83 

1.00 

.02 

1.06 

1.66 

2.41 

5.50 

5.60 

6.75 

2.17 

1.38 

1.60 

1.17 

.00 

1.00 

5.91 

2.00 

4.50 

5.25 

6.08 

2.00 

1.33 

1.25 

1.60 

-0.04 

1.25 

13.04 

2.66 

4.83 

4.58 

2.00 

1.33 

1.25 

1.33 

-0.04 

1.16 

12.33 

2.91 

4.50 

4.17 

2.00 

1.17 

1.42 

1.00 

-1-0.04 

1.00 

8.91 

2.58 

4.41 

1.92 

1.26 

• 

1.08 

.91 

2.60 

MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  PENNSYLVANIA. 

During  the  year  1900  the  following  measurements  of  the  Pennsyl- 
vania Canal  and  of  Lehigh  River  were  made  by  E.  G.  Paul: 

Miscellaneous  discharge  measurements  in  Pennsylvania  during  1900. 


Date. 


1900. 
May  16 

May  18 

September  21.  _ 
May  18 

September  28.. 
May  18 

September  23 . . 
September  26.. 
September  27.. 


Stream. 


Pennsylvania  Canal 
do 


do   - 

do.  ...    , 

do 

do    

do 

do 

Lehigh  River 


Locality. 


Harrisbnrg 

do 

do   

Steelton 

do 

Highspire  

-do 

Nanticoke 

Easton,  Glendon  Bridge. 


Discharsre. 


Sec-feet. 
376 
869 
860 
192 
161 
152 
150 
328 
303 


MARYLAND   AND    WEST    VIRGINIA. 
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PATAPSCO   RIVER  AT   WOODSTOCK,  MARYLAND. 

This  station,  which  was  established  August  6,  1896,  by  E.  G.  Paul, 
Ls  located  at  the  county  bridge  on  the  road  from  Woodstock  to  Gran- 
ite, Maryland,  1^^  miles  below  the  junction  of  the  North  Branch.  It 
is  described  in  Water-Supply  Paper  No.  35,  page  83,  where  will  also 
be  found  the  gage  heights  for  1899.  The  discharge  measurements  for 
1899  were  published  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
94.     During  1900  the  following  measurements  were  made  bj'  Mr.  Paul: 

June  29:  Gage  height,  3.6  feet;  discharge,  165  second-feet. 
September  29:  Q&ge  height,  3.6  feet:  discharge,  152  second-feet. 

Daily  gage  height,  in  feet,  of  Patapsco  River  at  Woodstock,  Maryland,  for  1900. 


Day. 


,  Jan. 


1 

3.90 

9 

3.90 

3 

i 

8.96 
8.95 

5 

3.90 

e 

8.85 

8 

9 

4.05 
8.85 

10 

3.85 

11 

3.86 

12 

6.25 

13 

14  

8.95 
8.85 

15 

16 

8.80 
3.85 

17 

3.95 

18  

3.96 

19 

8.90 

30 

21  

.4.50 
6.00 

22 

4.15 

23 

4.05 

24 

4.06 

25 

4.00 

2b 

8.90 

27 -. 

3.85 

2K  

29 

3.85 
8.85 

3r» 

8.85 

31 

3.85 

Feb. 

Mar. 
6.60 

Apr. 

May. 

1 

June. 

Jnly. 

Aug. 

Sept. 
5.30 

Oct. 

1 
3.86 

4.00 

3.90 

3.60 

3.60 

3.25 

3.55 

3.75 

4.90 

4.15 

8.90 

3.55 

3.65 

3.30 

5.30 

3.55 

8.70 

4.55 

4.15 

4.00 

3.60 

8.60 

3.25 

5.40 

3.55 

3.40 

4.40 

4.15 

3.96 

8.65 

3.45 

3.15 

5.30 

3.50 

4.40 

4.35 

4.10 

4.00 

8.75 

3.55 

8.15 

4.85 

3.  a*) 

3.90 

4.40 

4.15 

4.00 

8.65 

4.00 

3.10 

5.20 

3.35 

8.85 

4.40 

4.15 

4.05 

3.65 

3.») 

3.00 

5.20 

3.30 

4.  ID 

4.40 

4.10 

3.90 

3.76 

8.55 

3.00 

5.25 

3.35 

4.25 

4.25 

4.15 

4.10 

3.85 

3.55 

3.  a) 

5.26 

3.55 

4.05 

4.30 

4.15 

3.95 

3.30 

8.55 

3.05 

6.25 

3.55 

4.05 

4.20 

4.35 

4.00 

8.65 

8.45 

3.05 

5.25 

3.56 

4.10 

4.26 

4.85 

3.90 

8.55 

3.36 

3.00 

5.35 

3.55  ! 

7.65 

4.20 

4.35 

4.  a) 

3.60 

3.36 

3.05 

5.85 

3.35 

5.15 

4.25 

4.20 

3.85 

3.60 

3.25 

3.00 

6.40 

3.30 

4.30 

4.26 

4.10 

3.90 

4.00 

3.15 

3.00 

6.55 

3. 75  1 

4.15 

4.36 

4.15 

4.00 

ib) 

3.05 

3.00 

5.30 

3.65  ; 

4.20 
4.10 

4.00 
3. 90 

it>) 
(b) 

3.00 
8.05 

3.10 
3.00 

5.40 
5.10 

3.55 

3.85 

4.10 

3.45 

8.95 

4.00 

4.10 

4.30 

ib) 

8.06 

3.10 

6.10 

3.25 

8.95 

4.20 

4.15 

4.20 

(b) 

8.05 

5.20 

5.05 

8.40 

4.00 

6.60 

4.25 

4.10 

{b^ 

3.00 

6.10 

5.06 

8.80 

8.70 

4.90 

4.10 

3.75 

ib) 
'b\ 

3.50 

5.95 

5.05 

3.45 

4.95 

4.35 

4.15 

3.75 

8.20 

6.75 

5.05 

3.45 

4.55 

4.85 

4.20 

3.70 

(ft) 

3.55 

6.65 

5.15 

3.45 

3.90 

4.30 

4.05 

3.75 

ib) 

7.15 

5.55 

6.00 

3.50 

4.30 

4.10 

4.00 

3.80 

ib\ 

6.85 

5.40 

6.10 

3.45 

4.16 

4.30 

3.90 

3.90 

ib) 

5.75 

6.40 

5.05 

3.50 

4.85 

4.J:0 

3.90 

3.80 

ib) 

4.50 

5.70 

4.95 

3.45 

4.20 

8.80 

3.80 

ib) 

4.50 

5.40 

4.20 

3  45 

4.40 

4.00 

8.65 

ib) 

4.45 

5.45 

8.60 

3.45 



4.20 

-•••••- 

8.35 

5.05 

5.40 

8.45 

3.45 
3.45 
3. 50 
8.50 
3.60 
3.50 
3.45 
3.50 
3.45 
3.45 
3.45 
3.85 
3.55 
3  45 
3.45 
3.45 
8.45 
3.40 
3.45 
3.45 
3.45 
3.50 
8.40 
8.50 
8.30 
3.40 
8.40 
8.35 
8.45 
3.40 


a  No  record  for  December. 


&  June  16  to  30,  no  readings;  gage  broken. 


NORTH    BRANCH   OF   POTOMAC    RIVER   AT    PIEDMONT,    WEST  VIRGINIA. 

This  station,  which  was  established  January  27, 1899,  by  E.  G.  Paul, 
is  located  at  the  highway  bridge  connecting  Luke,  Maryland,  with 
Piedmont,  West  Virginia.  It  is  described  in  Water-Supply  Paper 
No.  35,  page  84,  where  will  be  found  gage  heights  and  discharge  meas- 
urements for  1899.  During  1900  the  following  measurements  were 
made  by  Mr.  Paul: 

Febmary  22:  Gage  height,  3.75  feet;  discharge,  735  second-feet. 
Jnne  20:  Qage  height.  4.40  feet;  discharge,  1,249  second-feet. 
September  12:  Gage  height,  1.8  feet;  discharge,  34  second- feet. 
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Daily  gage  height^  in  feet^  of  North  Branch  of  Potomac  River  at  Piedmont,  West 

Virginia,  for  1900, 


Day. 

Jan. 

2.70 
2.70 
2,70 
2.70 
2.70 
2.80 
2.90 
3.00 
3.:j0 
3.50 
3.50 
4.70 
4.25 
3.90 
3.90 
3.90 
4.40 
4.10 
4.15 
5.80 
5.70 
4.75 
4.35 
4.10 
3.95 
3.80 
3.55 
3.40 
3.30 
8.20 
3.10 

Feb. 

3.00 
3.05 
8.10 
3.10 
3.35 
3.60 
3.70 
5.30 
5.4() 
4.05 
4.40 
4.05 
5.90 
6.50 
4.80 
4.35 
4.15 
4.05 
3.70 
3.65 
3.60 
3.75 
4.00 
3.70 
3.60 
3.40 
8.40 
3.40 

Mar. 

Apr. 

4.60 
4.80 
4.65 
4.50 
4.25 
4.15 
4.15 
4.30 
4.20 
3.95 
3.75 
8.70 
3.65 
3.55 
3.40 
3.40 
3.40 
3.55 
3.75 
3.65 
3.50 

2 

1 

3.55 
4.50 
4.10 
4.00 
4.30 
4.25 
5.80 
5.00 
4.55 
4.40 
4.30 
4.15 
4.10 
4.10 
4.00 
3.80 
3.70 
8.70 
4.00 
5.95 
5.35 
4.75 
4.60 
4.60 
4.50 
4.25 
4.% 
4.15 
4.00 
4.75 
4.60 

2 

3 

4 

5 

tt 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

3.50 

23 

3.65 

24 

3.85 

25.' 

3.65 

28 

3.50 

27 

3.40 

28 

8.40 

29 

3.30 

30 

3.25 

31 

May.  I  June. 


July.    Aug. 


3.15 

3.30 

3.00  , 

3.10 

3.25 

2.85 

3.10 

8.25 

2.70 

3.10 

3.05 

2.70 

3.00 

2.90 

2.70 

2.95 

2.85 

2.60 

2.90 

2.85 

2.70 

2.90 

3.15 

3.00 

2.95 

3.15 

2.&5 

3.20 

2.95 

2.70 

3.05 

2.80 

2.60 

3.00 

2.70 

2.45 

2.90 

2.70 

2.60 

2.80 

3.15 

2.65 

2.80 

3.20 

2.65 

2.80 

3.95 

2.m 

2.80 

7.55 

2.30 

2.70 

6.85 

2.26 

3.40 

4.95 

2.35 

3.95 

4.46 

2.90 

8,55 

3.95 

2.76 

3.35 

3.65 

2.55 

3.20 

8.50 

2.45 

3.15 

3.35 

2.40 

3.05 

3.25 

3.20 

3.00 

8.25 

4.05 

2.a5 

8.05 

4.40 

2.90 

2.90 

8.20 

8.30 

8.55 

3.00 

3.25 

3.15 

3.00 

3.10 

««••••  • 

3.25 

Sept. 


Oct.  I  Nov.  ,  Dec. 


2.95 

2.10 

2.85 

2.10 

3.55 

2.75 

2.00 

2.46 

2.10 

3.45 

2.65 

2.00 

2.20 

2.25 

3.25 

2.60 

2.00 

2.10 

2.66 

6.80 

2.40 

2.00 

2.20 

2.70 

5.65 

2.30 

1.95 

2.20 

2.60 

4.70 

2.30 

1.90 

2.20 

2.40 

4.25 

2.20 

1.90 

2.10 

2.30 

4.00 

2.20 

1.90 

2.05 

2.40 

3.80 

2.10 

1.90 

2.00 

2.50 

3.60 

2.05 

1.80 

2.00 

2.50 

3.40 

2.00 

1.80 

2.00 

2.60 

3.40 

2.10 

1.80 

2.00 

2.60 

3.40 

2.00 

1.80 

3.05 

2.50 

3.30 

2.00 

1.80 

3.20 

2.50 

3.80 

2.10 

1.80 

2.65 

2.40 

3.20 

2.40 

1.90 

2.46 

2.40 

3.05 

2.25 

1.90 

2.40 

2.40 

3.15 

2.25 

1.90 

2.26 

2.40 

8.20 

2.45 

1.90 

2.20 

2.50 

3.25 

2.20 

1.80 

2.10 

2.60 

3.25 

2.20 

1.80 

2.10 

8.20 

3.05 

2.65 

1.80 

2.15 

3.00 

8.00 

2.45 

1.80 

2.35 

2.90 

3.05 

2.40 

1.80 

2.80 

3.85 

3.05 

2.46 

1.80 

2.60 

7.95 

3.05 

2.46 

1.85 

2.35 

5.20 

2.90 

2.30 

1.90 

2.30 

4.46 

2.90 

2.20 

1.95 

2.20 

4.06 

3.45 

2.16 

2.70 

2.20 

3.75 

8.05 

2.10 

2.20 

3.30 

SOUTH  BRANCH    OP    POTOMAC   RIVER    NEAR    SPRINGFIELD,    WEST 

VIRGINIA.  / 

The  Station  on  the  South  Branch  at  Springfield  was  originally  (April, 
1894)  established  at  the  railroad  bridge  2  miles  south  of  that  town, 
by  C.  C.  Babb,  but  was  discontinued  in  1896.  The  present  station, 
which  was  established  by  E.  G.  Paul,  January  26, 1899,  is  located  on  the 
iron  highway  bridge  one-fourth  of  a  mile  from  Grace  Station  and  1 
mile  from  Springfield.  It  is  described  in  Water-Supply  Paper  No.  35, 
page  85,  where  will  also  be  found  the  gage  heights  and  discharge 
measurement  for  1899.  During  1900  the  following  measurements 
were  made  by  Mr.  Paul: 

Febmary  23:  Gage  height,  7.7  feet;  discharge,  3,808  second-feet 
June  20:  Gfige  height,  7  feet;  discharge,  3,435  second-feet. 
September  11:  Gage  height,  4  feet;  discharge,  144  second-feet. 


WEST   VIBGINIA    AND  MABYLAND. 
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Daily  gage  height,  in  feet,  of  South  Branch  of  Potomac  River  near  Springfield,  West 

Virginia,  for  1900, 


Dbj. 


1 
2 
3 

4 

•    % 

« 
8 
9 
10 
U 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


Feb. 


^2 

(a 
la. 

(O 

(o 

(a! 

(a) 
5.8 
6.0 
6.4 
6.4 
6.8 
7.2 
7.0 
6.8 

(a) 

(a) 

(a) 

(a) 
6.4 
7.7 
7.4 

fa' 

la 

[a 


Mar.    Apr 


9.8 
8.4 
6.8 
6.8 
6.4 
6.2 
7.0 
7.8 
9.4 
6.0 
7.4 
6.8 
6.2 
5.7 
5.4 
5.0 
4.8 
4.6 
5.0 
7.8 
11.4 
10.8 
9.2 
8.4 
7.6 
6.5 
6.4 
6.1 
6.8 
7.4 
7.8 


7.4 
7.0 
6.5 
5.6 
5.2 
5.2 
5.0 
5.0 
4.8 
4.6 
4.2 
4.2 
4.0 
4.0 
8.8 
3.5 
3.4 
3.4 
3.2 
4.4 
5.6 
6.0 
6.8 
6.2 
6.0 
5.6 
5.2 
5.0 
4.7 
4.4 


May.   Jane. 


4.4 
4.3 
4.2 
4.2 
4.1 
4.1 
4.1 
4.0 
4.0 
4.0 
4.0 
3.9 
3.8 
3.8 
3.7 
3.6 
3.6 
3.6 
3.5 
4.0 
3.7 
3.5 
3.4 
3.4 
32 


3. 
3. 
3. 
3. 
3. 
4. 


4.0 
4.8 
4.4 
4.4 
4.2 
4.2 
4.1 
4.0 
4.0 
4.0 
3.0 
3.9 
3.9 
5.6 
5.2 
7.6 
13.0 
10  2 
9.5 
7.0 
5.4 
5.1 
5.0 
4. 
4. 
5. 
5. 


9 

.9 

2 

4 


5.6 
5.6 
5.4 


Jnly. 


5.0 
5.0 
5.0 
5.2 
5.2 
5.0 
5.0 
4.7 
4.4 
4.4 
4.2 
4.0 
8.6 
3.2 
3.2 
3.2 
3.1 
3.1 
3.0 
3.0 
3.0 
3.4 
3.6 
3.8 
3.8 


6 

0 


5.4 
5.4 
4.5 

4.0 


Ang. 


3.6 
3.4 
3.4 
3.4 
3.4 
3.2 
3.2 
3.2 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
3.2 
3.4 
3.4 
3.4 
4.2 
4.0 
4.0 
3.8 
3.6 

a5 


Sept. 


3.5 
3.4 
3.4 
3.4 
3.3 
3.3 
3.2 
3.1 
3.8 
4.5 
4.0 
4.0 
3.6 
3.4 
3.0 
3.0 
2.9 


2. 
2. 


2.8 
2.8 
2.8 
3.0 
3.0 
3.0 
3.0 
3.0 
3.4 
3.5 
4.0 


Oct. 


4.0 
3.8 
3.7 
3.5 
3.4 
3.4 
3.6 
3.6 
3.5 
3.5 
3.5 
3.3 
3.2 
3.2 
3.8 
3.7 
3.6 
3.6 
3.6 
3.5 
3.5 
3.5 
3.5 
3.4 
3.2 
3.2 
3.2 
3.2 
3.4 
3.5 


Nov. 


3.6 
3.6 
3.6 
4.0 
4.0 
3.8 
3.8 
3.6 
3.6 
3.6 


3.5 
3.4 
3.8 
3.2 
3.2 
8.1 
3.1 
3.1 
3.4 
3.4 
3.6 
3.8 
3.8 
3.8 
4.0 
10.2 
12.0 
9.8 
8.2 
6.8 


Dec. 


5.2 
5.0 
5.0 
5.0 
5.9 
10.6 

12.0 

10.0 
5.0 
5.0 
4.8 
4.7 
4.7 
4.5 
4.5 
4.4 

(a) 

(a) 

ia) 

4.2 

4.0 
4.0 
3.8 
3.7 
3.7 
3.6 
3.5 
3.5 
3.5 
3.4 
3.4 


aloe. 


ANTIETAM  CREEK  NEAR  8HARPSBURG,  MARYLAND.- 

This  station  was  established  at  Myers's  mill,  1  mile  east  of  Sharps- 
burg,  Maryland,  on  the  road  to  Keedysville,  Maryland,  on  June  24, 
1897,  by  Arthur  P.  Davis.  It  is  described  in  Water-Supply  Paper  No. 
35,  page  86,  where  will  be  found  the  gage  heights  for  1899.  Records 
of  discharge  measurements  for  the  year  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  95.  During  1900  the 
following  measurements  were  made  by  E.  G.  Paul: 

June  28:  Qage  height,  1.80  feet;  discharge,  189  second-feet. 
September  16:  Qtv^e  height,  1.75  feet;  discharge,  181  second-feet. 

IRR  48—01 2 
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OPERATIONS    AT   RIVER   STATIONS,  1900. PART   II.        [no.  48. 


Daily  gage  Jieightj  in  feet,  ofAntietam  Creek  nearSharpsburg,  Maryland^  for  1900, 


Day. 

1 

1 
Jan.  1 

Feb. 

Mar. 

Apr. 

^ay. 

Jane. 

July. 

Aug. 

Bept. 

Oct. 

Nov. 

Dec. 

1 

1.50 

1.60 

3.80 

2.50 

2.10 

2.00 

1.70 

1.40 

1.60 

1.40 

1.70 

1.35 

2 

1.50 

1.70 

3.60 

2.50 

2.10 

1.90 

1.70 

1.40 

1.00 

1.60 

1.60 

1.55 

8 

1.50 

1.60 

8.00 

2.40 

2.00 

1.90 

1.60 

1.60 

1.40 

1.40 

1.60 

1.60 

4 

1.60 

1.50 

2.80 

2.80 

2.10 

2.00 

1.60 

1.50 

1.60 

1.40 

1.50 

2.30 

6 

1.60 

1.50 

2.70 

2.30 

2.00 

1.90 

1.70 

1.40 

1.70 

1.50 

1.50 

2.40 

6 

1.70 

1.60 

2.70 

2.30 

1.90 

1.90 

1.70 

1.40 

1.00 

1.40 

1.40 

2.00 

7 

1.70 
1.80 

1.50 
2.00 

2.75 

2.60 

2.40 
2.80 

2.10 
2.00 

l.M) 
1.90' 

1.60 
1.60 

1.40 
1.40 

1.60 
1.60 

1.40 
1.30 

L60 
1.60 

1. 00 

8 

1.70 

9 

1.90 

2.20 

2.50 

2.30 

2.00 

1.90 

1.70 

1.45 

1.40 

1.60 

1.00 

1.70 

10 

1.80 

2.00 

2.50 

2.20 

1.90 

1.70 

1.00 

1.50 

1.40 

1.00 

1.60 

1.00 

11 

1.80 
1.80 

1.90 
2.00 

2.50 
2.50 

2.20 
2.30 

1.80 
1.90 

2.00 
1.90 

1.60- 
1.65 

1.40 
1.50 

1.40 
1.40 

1.00 
1.60 

1.60 
1.40 

1.00 

12 

1.50 

13 

1.70 
1.70 
1.80 

2.70 
2.70 
2.40 

2.40 
2.40 
2.40 

2.30 
2.30 
2.20 

1.80 
1.80 
2.00 

1.80 
1.70 
1.70 

1.50 
1.55 
1.60 

1.50 
1.4U 
1.70 

1.50 
1.00 
1.00 

1.60 
2.06 
1.90 

1.70 
1.60 
1.70 

1.50 

U 

1.50 

16 

1.40 

10 

1.70 

2.40 

2.40 

2.30 

1.90 

1.85 

1.45 

1.60 

1.80 

1.70 

1.60 

1.30 

17 

1.70 

2.20 

2.80 

2.20 

2.00 

2.10 

1.50 

1.60 

1.00 

1.50 

1.50 

18 

1.70 

2.10 

2.25 

2.30 

2.00 

2.20 

1.50 

1.00 

1.40 

1.40 

1.40 

1.40 

19 

1.80 

2.20 

2.40 

2.35 

2.40 

2.55 

1.50 

1.60 

1.50 

1.00 

1.50 

1.50 

20 .. 

2.10 

2.20 

2.90 

2.30 

3.10 

2.10 

1.60 

1.70 

1.50 

1.60 

1.50 

1.50 

21 

2.50 

2.30 

3.10 

2.70 

2.40 

2.00 

1.50 

1.80 

1.60* 

1.40 

1.00 

1.60 

22 

2.00 

4.15 

2.80 

2.30 

2.20 

1.90 

1.40 

1.80 

1.40 

1.50 

1.60 

1.50 

28 

1.90 

3.75 

2.70 

2.40 

2.10 

1.80 

1.90 

1.70 

1.30 

1.50 

1.50 

1.50 

24 

1.80 

3.05 

2.70 

2.30 

2.10 

1.70 

1.85 

1.70 

1.40 

1.80 

1.50 

1.40 

25 

1.70 

3.80 

2.60 

2.30 

2.10 

1.80 

1.05 

1.80 

1.40 

1.70 

1.60 

1.30 

26 

2.30 

3.30 

2.50 

2.20 

2.00 

1.80 

2.00 

1.70 

1.40 

1.60 

2.60 

1.60 

27 

2.20 

3.00 

2.60 

2.10 

1.90 

1.90 

1.90 

1.70 

1.40 

1.60 

2.10 

1.50 

28 

2.00 

3.00 

2.50 

2.10 

1.90 

1.80 

1.80 

2.00 

1.40 

1.40 

1.80 

1.50 

29 

1.80 
1.60 
1.60 

2.50 
2.00 
2.60 

2.10 
2.00 

2.00 
1.90 
2.10 

1.80 
1.70 

1.55 
1.40 
1.40 

1.90 
1.80 
1.70 

1.60 
1.00 

1.30 
1.40 
1.00 

1.70 
1.00 

l.oO 

30 

1.40 

31 

1.50 

NORTH  ANP   SOUTH  RIVERS  AT  PORT  REPUBLIC,  VIRGINIA. 

These  stations  were  established  in  August,  1895.  They  are  described 
in  Water-Supply  Paper  No.  35,  page  86,  where  records  of  past  meas- 
urements will  be  found.     Both  stations  were  discontinued  on  April  1, 

1899. 


NORTH  BRANCH  OF  SHENANDOAH  RIVER  NEAR    RIVERTON,   VIRGINIA. 

This  Station,  which  was  established  June  26,  1899,  by  Arthur  P. 
Davis,  is  about  2  miles  northwest  of  Riverton.  It  is  described  in 
Water-Supply  Paper  No.  35,  page  88,  where  will  be  found  records  of 
discharge  measurements  made  during  1899.  During  1900  the  follow- 
ing measurements  were  made  by  E.  G.  Paul: 

February  18:  Gage  height,  8.25  feet;  discharge,  646  seoond-feet. 
June  18:  G^age  height,  5.80  feet;  discharge,  2,928  second-feet 
September  10:  Gage  height,  2.60  feet;  discharge,  146  seoond-feet. 


VIRGINIA. 
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DaUy  gage  height,  in  feet,  of  North  Branch  of  Shenandoah  River  near  Riverton, 

Virginia,  for  1900. 


Day. 

Jan. 

Feb. 

4.00 
4.00 
4.00 
4.00 
3.90 
3.60 
3.38 
3.10 
3.00 
2.95 
3.00 
2.98 
8.18 
4.10 
4.20 
3.88 
3.63 
3.43 
3.35 
3.35 
3.25 
3.75 
5.98 
5.30 
4.63 
4.15 
3.90 
8.80 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
3.00 
8.00 
3.00 
3.00 
8.00 
3.00 
2.98 
2.98 
2.90 
2.80 
2.80 
2.03 
3.93 
6.30 
4.65 
3.90 
3.55 
3.25 
3.03 
3.00 
3.00 
8.60 
4.00 
4.00 

4.05 
6.85 
5.65 
4.40 
4.10 
8.88 
3.88 
3.75 
8.68 
3.60 
3.50 
3.40 
3.85 
3.35 
3.35 
3.35 
3.30 
3.25 
8.50 
5. 95 
7.20 
5.70 
4.90 
4.43 
'    4.17 
4.00 
4.00 
3.90 
8.90 
3.85 
3.80 

8.70 
3.68 
3.53 
3.48 
3.40 
8.83 
8.28 
3.25 
3.:i0 
3.15 
3.15 
3.15 
3.15 
8.15 
8.10 
3.10 
3.10 
a  10 
3.20 
8.55 
8.60 
3.60 
4.28 
4.40 
4.10 
8.75 
3.63 
8.60 
3.43 
3.33 

3.26 
3.18 
3.15 
3.10 
3.05 
8.05 
3.00 
2.98 
2.95 
2.93 
2.90 
2.90 
2.90 
2.90 
2.90 
2.83 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.75 

2.80 
2.80 
2.80 
2.90 
2.85 
2.83 
2.80 
2.80 
2.80 
2.80 
2.75 
2.78 
2.70 
2.73 
2.75 
2.78 
3.45 
4.75 
4.75 
3.98 
3.63 
3.80 
3.20 
3.15 
3.08 
3.00 
2.93 
2.90 
2.90 
2.90 

2.90 
2.90 
2.86 
2.78 
2.73 
2.73 
2.70 
2.70 
2.68 
2.68 
2.63 
2.63 
2.65 
2.65 
2.63 
2.60 
2.68 
2.63 
2.60 
2.60 
2.63 
2.70 
2.83 
4.28 
3.33 
3.23 
8.00 
2.98 
2.88 
3.08 
2.80 

2.73 
2.65 
2.60 
2.55 
2.63 
2.50 
2.60 
2.66 
2.58 
2.60 
2.60 
2.58 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.66 
2.55 
2.50 
2.55 
2.60 
2.60 
2.60 
2.60 
2.55 
2.60 
2.63 
2.60 
2.63 

2.60 
2.60 
2.63 
2.63 
2.58 
2.60 
2.60 
2.58 
2.60 
8.10 
8.60 
8.60 
3.58 
8.60 
8.60 
3.70 
3.68 
3.65 
3.68 
3.60 
8.60 
3.58 
3.58 
8.60 
3.55 
3.60 
3  60 
3.63 
3.73 
3.95 

3.80 
3.80 
3.76 
3.70 
3.70 
3.70 
3.78 
8.80 
3.70 
3.70 
3.68 
3.65 
3.70 
3.70 
3.70 
8.70 
8.78 
3.80 
3.75 
3.70 
3.70 
3.70 
8.70 
3.78 
3.76 
3.85 
3.90 
3.80 
3.75 
3.78 
3.70 

3.70 
8.73 
8.70 
8.75 
8.70 
3.70 
3.70 
3.70 
3.65 
3.63 
8.70 
8.60 
8.60 
8.68 
8.65 
8.60 

aoo 

3.68 
8.63 
8.65 
a70 
a  63 

a60 
a  68 
a  70 

4.65 
7.00 
5.25 

5.a5 

4.45 

4.15 

2 

a  93 

8 

4.08 

4 ... 

6 

4.48 
6.10 

6 

6.70 

7  ..........  .. .. 

8 

6.15 
4.70 

9 

4.45 

10 

4.45 

11 

4.35 

12 

13 

4.00 
8.95 

li  ::::::.:: 

8.95 

15 

4.00 

16 

8.95 

17 

4.06 

18 

8.90 

19 

8.90 

20 

8.78 

21 

8.70 

2i 

8.60 

23 

a  80 

24 

8.76 

25 

3.70 

as 

8.75 

27 

8.t« 

28 

8.78 

29    ... 

8.78 

30 

8.78 

31 

a  78 

SOUTH  BRANCH  OF  SHENANDOAH  RIVER  AT  FRONT  ROYAL,  VIRGINIA. 

This  station  was  established  by  Arthur  P.  Davis  on  June  26,  1899. 

It  is  described  in  Water-Supply  Paper  No.  35,  page  89,  where  will  also 

be  found  record  of  discharge  measurement  made  in  1899.     During 

1900  the  following  measurements  were  made  by  E.  G.  Paul: 

February  14:  Qage  height,  5.75  feet:  discharge,  1,955  second-feet, 
Jnne  19:  Gage  height,  7.90  feet;  discharge,  Sj'TOS  second-feet. 
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Daily  gage  height,  in  feet,  of  South  Branch  of  Shenandoah  River  at  IVont  Royal, 

Virginia,  for  1900. 


Day. 


1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

\3 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

fU 

25 

2t) 

27 

28 

29 

30 

81 


5.55 
5.56 

5.eo 

5.55 

5.50 
5.35 
5.10 
5.05 
4.05 
5.05 
4.85 
4.05 
5.00 
5.60 
6.65 
6.00 
4.80 
4.80 
5.00 
7.20 
10.70 
8.85 
7.15 
6.60 
6.15 
5.80 
5.60 
5.55 
5.55 
5.50 
5.30 


Feb. 

Mar. 

Apr. 

May. 

4.06 

6.40 

5.90 

5.30 

4.80 

10.65 

5.75 

5.^ 

5.00 

8.80 

5.70 

5.15 

5.60 

7.56 

5.60 

6.10 

5.20 

6.90 

6.50 

5.00 

5.65 

6.60 

6.40 

6.00 

5.40 

6.85 

6.40 

5.00 

5.00 

6.20 

6.30 

4.90 

5.00 

6.10 

5.20 

4.80 

6.00 

5.20 

4.80 

5.00 

5.90 

5.20 

4.80 

4.05 

6.80 

5.10 

4.70 

5.10 

6.70 

5.10 

4.70 

6.35 

5.60 

5.10 

4.70 

7.20 

6.60 

5.10 

4.70 

6.50 

6.50 

6.10 

4.70 

6.20 

5.50 

5.00 

4.60 

5.05 

5.50 

5.00 

4.50 

5.70 

5.65 

5.00 

4.70 

5.55 

6.55 

5.40 

5.30 

5.45 

9.55 

5.75 

6.75 

6.26 

8.a5 

5.90 

5.55 

8.90 

7.50 

6.55 

5.35 

8.65 

6.60 

6.70 

5.25 

7.35 

6.55 

6.25 

5.20 

6.85 

6.45 

6.30 

5.36 

6.56 

6.30 

5.75 

5.06 

6.20 

6.25 

6.55 

4.90 

6.15 

5.40 

4.85 

6.00 

5.40 

4.yo 

5.95 

5.45 

Juno. 


4.96 

4.85 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 


70 
.60 
60 
50 
40 
4.70 
5.70 
6.25 


4. 
4. 
4. 
4. 
4. 


25 
05 
65 

&5 
6.20 
6.80 
5.30 
35 
20 
10 
10 
20 
5.05 
4.00 


July. 

AufiT. 

Sept. 

Oct. 
4.30 

Nov. 

Dee. 

4.80 

4.60 

4.10 

4.50 

5.3() 

4.70 

4.55 

4.10 

4.26 

4.50 

5.a5 

4.60 

4.45 

4.10 

4.25 

4.40 

5. 15 

4.60 

4.40 

4.10 

4.25 

4.45 

5.55 

4.60 

4.40 

4.10 

4.40 

4.55 

5.80 

4.50 

4.30 

4.00 

4.30 

4.60 

7.60 

4.50 

4.30 

4.00 

4.40 

4.50 

6.75 

4.50 

4.30 

4.00 

4.40 

4.50 

6.10 

4.40 

4.20 

4.00 

4.30 

4.50 

iS.05 

4.40 

4.20 

4.00 

4.40 

4.40 

5.85 

4.40 

4.20 

4. 00 

4.45 

4.45 

5.60 

4.40 

4.20 

3.90 

4.45 

4.45 

5.45 

4.30 

4.20 

3.90 

4.40 

4.40 

5.15 

4.30 

4.20 

3.90 

4.25 

4.40 

5.10 

4.30 

4.10 

4.30 

4.25 

4.40 

5.0f> 

4.30 

4.10 

4.65 

4.30 

4.30 

4.00 

4.30 

4.10 

4.96 

4.30 

4.30 

4.85 

4.20 

4.00 

4.65 

4.40 

4.30 

4.K) 

4.20 

4.00 

4.15 

4.40 

4.30 

4.75 

4.20 

4.00 

4. 15 

4.30 

4.30 

4.70 

4.55 

4.10 

4.15 

4.26 

4.30 

4.60 

4.00 

4.20 

4.15 

6.05 

4.40 

4.00 

'    4.85 

4.26 

4.10 

6.25 

4.85 

4.60 

4.65 

4.30 

4.20 

6.05 

4.05 

4.61) 

4.85 

4.30 

4.30 

6.75 

5.65 

4.60 

4.05 

4.30 

4.35 

5.60 

6.65 

4.60 

5.00 

4.25 

4.15 

6.35 

8.45 

4.  .50 

4.00 

4.20 

4.05 

6.05 

7.30 

4.50 

4.86 

4.20 

4.00 

4.65 

6.35 

4..T0 

4.80 

4.10 

4.20 

4.55 

5.85 

4..T0 

4.70 

4.10 

4.50 

4.50 

SHENANDOAH   RIVER  AT  MILLVILLE,  WEST   VIRGINIA. 

This  Station,  which  was  established  April  15,  1895,  is  4  miles  abov^ 
the  mouth  of  Shenandoah  River.  It  is  described  in  Water-Supply 
Paper  No.  35,  pages  90  and  91.  Records  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  96. 
During  1900  the  following  measurements  were  made  by  E.  G,  Paul : 

February  24:  Gage  height,  5.9  feet;  discharge,  13,985  second-feet. 
June  19:  Gage  height,  4.5  feet;  discharge,  9,182  second-feet. 
September  15:  Gage  height,  0.4  foot;  discharge,  oOO  second-feet. 


WEST   VIBGINIA   AND   MARYLAND. 
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Daily  gage  height,  in  feet,  of  Shenandoah  River  at  MillvUle,  West  Virginia,  for 

1900. 


Day. 


Jan. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

U 

15 

1« 

17 

IS 

19 

20 

21 

5  IW'S. 

u .-,... 

25 

» 

27 

28 

2P 

au 

31 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

6. 
5. 
4. 
3. 
2. 
2. 
2. 
2. 
1. 
1. 
1. 


25 

ao 

15 

a> 

30 
30 
:J0 
20 
15 
20 
10 
30 
40 
50 
30 

ao 

15 
20 
M) 
00 
90 


2.10 
1.20 
1.60 
1.55 

2.00 
2.00 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.90 
3.80 
8.30 
2.80 
2.50 
2.30 
2.20 
2.60 
2.45 


20 

4.35 

30 

5.90 

80 

4.50 

50 

8.80 

25 

8.40 

00 

2.80 

90 

80 

•  **■««  * 

85 

Mar. 


3.00 
4.80 
6.50 
4.80 
8.90 
3.40 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.80 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
8.30 
5.95 
6.20 
4.70 
3.90 
8.45 
8.15 
8.00 
2.95 
2.80 
2/70 
2.60 


2.55 
2.50 
2.40 
2.25 
2.20 
2.10 
2.00 
1.90 
1.85 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.65 
1.60 
1.65 
2.10 
2.40 
2.55 
8.00 
8.00 
2.70 
2.50 
2.30 
2.15 
2.00 


1.80 
1.75 
70 
,60 
60 
,60 
50 
40 
1.40 
1.40 
1.30 
1.30 
1.80 
1.20 


1. 
1. 
1, 
1. 
1. 
1. 


1.60 
1.50 
1.30 
1.30 
1.30 
1.25 
1.15 
1.10 
1.95 
1.00 
.95 
.90 
1.00 
90 


1.30 

1.25 

1.25 

1.20 

1.20 

1.30 

1.10 

1.00 

.90 

.85 

.80 

.80 

.80 

I      .75 


Oct. 


1.15 

1.00 

1.05 

1.00 

.90 

.85 

.80 

.75 

.70 

.70 

.70 

.65 

.70 

,60 


0.60 
.60 
.60 
.60 
.55 
.50 
.60 
.45 
.45 
.45 
.45 
.40 
.40 
40 


1.20 

'  1.10 

.75 

.60 

.40 

1.15 

1.30 

.70 

.55 

.50 

1.10 

2.30 

.70 

.60 

.60 

1.10 

2.70 

.60 

.60 

.55 

1.20 

4.50 

.60 

.60 

1.10 

1.10 

3.70 

1.20 

.60 

.80 

1.90 

3.00 

.80 

.65 

.70 

1.90 

2.60 

1.00 

.60 

.60 

1.70 

2.10 

1.10 

.55 

.55 

1.60 

1.90 

1.40 

.60 

.55 

1.40 

1.70 

2.50 

.60 

.60 

'    1.25 

1.65 

2.80 

.55 

.50 

'    1.50 

1.45 

1.70 

.65 

.45 

1.50 

1.40 

1.50 

.70 

.60 

1.50 

1.35 

1.30 

.60 

.55 

1.40 

1.30 

1.30 

.60 

.50 

1.30 

1.20 

.60 

•-n  ; 


0.60 
.70 
.70 
.70 
.60 
.55 
.50 
.50 
.75 
.60 
.55 
.50 
.50 
.70 
.90 

1.10 
.90 
.80 
.80 
.70 
.60 
.55 
.60 
.65 
.80 

2.10 
.60 

1.25 

1.10 
.95 
.90 


0.80 
.80 
.80 
.90 
.90 
.90 

.a5 

.90 

.85 

.80 

.80 

.80 

.80 

.75 

.75 

.75 

.70 

.70 

.65 

.65 

.60 

.65 

.70 

.70 

.70 

1.10 

2.10 

4.60 

8.15 

2.45 


Dec. 


2.00 
1.70 
1.50 
1.60 
2.25 
4.80 
3.60 
2.80 
8.40 
2.20 
1.90 
1.76 
1.60 
1.60 
1.40 
1.35 
1.30 
1.20 
1.15 
1.15 
1.10 
1.00 
1.00 
1.00 
LOO 
1.00 
.96 
.90 
.90 
.GO 
.90 


POTOMAC   RIVER  AT  POINT   OF  ROCKS,    MARYLAND. 

This  station  was  established  February  17,  1895,  at  the  tollbridge 
over  the  Potomac  River  at  Point  of  Rocks.  It  has  been  described 
and  results  of  measurements  have  been  given  in  the  various  Annual 
Reports  and  in  the  Water-Supply  and  Irrigation  Papers  containing 
reports  of  the  operations  at  river  stations.  More  or  less  difficulty 
has  been  experienced  with  the  wire  gage,  due  to  its  stretching,  and 
no  record  of  this  lengthening  has  been  noted.  A  thorough  study  of 
the  changes  of  the  gage  have  been  made  in  this  office,  based  on  meas- 
urements and  on  a  study  of  the  average  depth  of  soundings,  with  the 
result  that  it  has  been  found  necessary  to  modify  the  gage  heights  in 
order  to  refer  them  to  a  common  datum.  This  has  also  necessitated 
a  revision  of  the  rating  table.  In  some  cases  it  has  been  impossible 
to  reduce  the  measurements  to  the  known  datum,  and  it  has  therefore 
been  thought  best  to  discard  them  and  to  publish  here  only  such  gage 
heights  and  discharge  measurements  as  could  be  reduced  to  a  common 
datum  and  on  which  reliance  can  be  placed  as  giving  a  correct  esti- 
mate of  the  discharge. 

As  originally  placed  the  gage  was  located  in  the  third  span  of  the 
bridge  from  the  north  shore.  The  next  year  (1896)  the  wire  became 
rusted  and  broke  frequently,  and  a  new  wire  gage  was  placed  in  the 
east  side  of  the  first  span  of  the  bridge,  but  it  was  referred  to  a  dif- 
ferent datum.     During  1897  there  was  a  further  change  in  the  length 
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of  the  gage,  which  was  not  recorded,  and  therefore  it  has  been  neces- 
sary to  discard  the  records  during  those  two  years — that  is,  1896  and 
1897. 

On  January  25,  1898,  the  gage  wire  was  compared  with  the  bench 
mark,  and  the  observations  since  that  date  have  been  referred  to  this 
datum.  The  bench  mark  to  which  the  gage  has  been  referred  is  a 
copper  bolt  in  a  large  capstone  on  the  lower  wing  wall  of  the  north 
abutment,  about  10  feet  from  the  north  end  of  the  first  iron  truss  and 
41.30  feet  above  the  datum  of  the  gage.  The  length  of  the  cable  of 
the  wire  gage  is  4-4.22  feet.  The  measurements  of  1895  are  consid- 
ered correct  within  themselves,  but  there  was  a  difference  between 
the  datum  of  that  gage  and  that  of  the  present  standard  of  0.4  foot, 
making  it  necessary  to  deduct  that  amount  from  the  gage  readings 
of  1895  in  order  to  reduce  them  to  the  present  datum.  Tables  of  the 
corrected  gage  heights  and  of  the  discharge  measurements  computed 
from  them  are  published  herewith. 

The  flood  discharge  of  February  23, 1897,  is  also  considered  correct, 
and  is  given  in  the  table  of  discharge  measurements.  There  is  no 
change  in  the  published  discharge  measurements  or  the  gage  heights 
for  1898,  1899,  and  1900,  but  they  are  reprodiUced  here  in  order  to 
bring  together  all  of  the  records  that  could  be  reduced  to  one  standard. 

Discharge  Tneasurementa  of  Potomac  River  at  Point  of  Rocks,  Maryland. 


Date. 


Gaee 
heignt. 


1895. 

March  25 

Aprils 

April  13 

April  23 

Mayl 

May7 

May  17 

May  28 

Junes 

June  17 

July  10 

November  6 

1897. 
February  23 


Feet. 
3.05 
3.42 
4.27 
2.10 
4.36 
3.10 
2.35 
2.46 
1.53 
1.30 
1.50 
.40 


21.70 


3ec.-ft. 

10,524 

14,032 

17,516 

7,871 

21,073 

12,434 

8,918 

9,189 

4,638 

4,288 

4,695 

1,202 


169.913 


Date. 


Gaffe 
tieiirht 


iheigot. 


1898. 

January  25 

AujTUSt  19 

Octobers 

1899. 

January  28 

May  30 

September  5... 
October  2» 

1900. 

June  28 

Octobers 


I 


Feet. 

6.60 

8.30 

.66 


3.80 

8.15 

.80 

.50 


1.50 
.30 


Discharge. 


Sec.-ft. 
33,344 
14,300 
1,9S9 


17,330 

45,986 

2,360 

1,628 


5,212 
1,259 


MARYLAND. 
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DaUy  gage  height^  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland,  for  1895. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

1.80 
1.70 
1.50 
1.40 
1.40 
1.40 
1.20 
.80 
1.80 
1.20 
1.10 
1.10 
1.20 
1.20 
1.50 
1.30 
1.20 
1.10 
1.10 
1.00 
.90 
1.00 
1.00 
.90 
.80 
.80 
1.20 
2.10 
l.flO 
1.60 

July. 

Ang. 

• 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.10 
9.70 
10.60 
9.60 
7.10 
5.00 
4.80 
4.80 
4.10 
4.10 
4.00 
3.60 
3.60 
3.60 
4.70 
5.00 
8.10 
6.90 
5.40 
4.90 
4.10 
3.80 
3.40 
8.20 
3.00 
2.90 
3.00 
3.80 
3.20 
4.30 
3.50 

3.10 
3.00 
2.90 
3.60 
3.60 
3.00 
2.70 
2.00 
3.00 
10.80 
7.90 
6.80 
4.50 
3.80 
8.50 
8.40 
3.30 

aoo 

2.70 
2.60 
2.40 
2.20 
2.10 
2.00 
2.00 
1.90 
1.80 
1.80 
1.8C 
2.20 
. * 

3.30 
5.90 
5.80 
5.40 
4.40 
3.70 
3.10 
2.70 
2.70 
2.80 
2.80 
2.70 
2.70 
2.80 
3.00 
2.60 
2.40 
2.20 
2.20 
2.40 
2.30 
2.40 
2.80 
3.80 
3.30 
2.60 
2.50 
2.40 
2.40 
2.20 
2.00 

2.00 
2.70 
2.30 
2.10 
1.00 
1.70 
1.50 
1.50 
1.70 
1.60 
1.50 
l.oO 
1.30 
1.20 
1.10 
1.00 
1.00 
1.00 
1.10 
1.00 
1.00 
1.00 
1.10 
.90 
.90 
1.00 
1.20 
1.30 
1.20 
1.10 
1. 10 

1.00 
.90 
.80 
.80 
.90 
.80 
.80 
.80 
1.10 
1.00 
.90 
.80 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.00 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.50 
.50 

0.60 
.70 
.90 
.70 
.60 
.60 
.60 
.50 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.50 
.50 
.40 
.40 
.40 
.50 
.50 
.40 
.40 
.40 
..« 
.30 

0.30 
.30 
.30 
.30 
.80 
.80 
.30 
.30 
.30 
.30 
.30 
.40 
.20 
.20 
.30 
.30 
.30 
.30 
.30 
.80 
.20 
.20 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.30 
.30 

0.40 
.40 
.30 
.30 
.30 
.40 
.30 
.30 
.30 
.40 
.40 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
.50 
.40 

0.4O 

2 

.50 

3 

.50 

4 

.60 

5 

.50 

6 

.60 

7 

80 

8 : 

.80 

9 

.60 

10 

.50 

11 

.50 

12 

13 

.50 
.60 

14 

1.60 

13 

.60 

16 

.50 

17 

1.60 
1.60 
1.60 
1.60 
1.70 
1.80 
2.00 
2.00 
2.00 
2.10 
2.90 
3.00 

.40 

18 

.40 

19 

.30 

20 

.30 

21 

.30 

22 

.60 

23 

.60 

24 

1.30 

S 

1.30 

as 

1.20 

27 

1.30 

28 

29 

1.40 
.90 

30 

a 

.90 
1.30 

BaiLy  gage  height,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland,for  1898. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

2.90 
2.90 
3.00 
3.20 
8.20 
3.30 
3.20 
2.90 
3.00 
8.20 
3.90 
6.80 
6.70 
5.30 
6.50 
6.70 
8.00 
6.70 
6.60 
4.90 
4.70 
4.00 
6.00 
9«40 
8.40 
5.10 
5.00 
5.10 
5.10 
3.60 
3.40 

2.80 
1.70 
2.00 
1.90 
1.90 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.90 
2.00 
1.90 
1.90 
2.00 
2.00 
1.80 
1.70 
1.70 
2.80 
3.80 
4.10 
3.40 
2.90 
2.60 
2.30 
2.10 

1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.40 
1.40 
1.50 
1.50 
1.60 
1.60 
1.70 
1.70 
2.00 
5.80 
4.60 
3.60 
3.50 
6.60 
6.20 
6.40 
10.50 
7.20 
6.80 
4.40 
4.30 
6.20 

6.10 
5.20 
4.60 
4.10 
8.80 
3.60 
3.20 
2.90 
2.40 
2.50 
2.50 
2.40 
2.40 
2.50 
2.50 
4.00 
9.00 
6.70 
6-10 
4.20 
3.50 
3.20 
2.90 
2.60 
2.60 
2.60 
2.50 
8.30 
3.00 
2.80 

2.60 
2.40 
2.20 
2.00 
1.90 
1.80 
2.20 
5.40 
11.06 
9.60 
6.60 
5.20 
4.20 
3.70 
3.10 
3.00 
3.20 
4.60 
4.40 
3.50 
2.80 
2.90 
8.10 
3.90 
5.10 
6.00 
4.10 
3.40 
3.00 
2.80 
2.40 

2.20 
2.00 
1.80 
1.70 
1.60 
1.40 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.30 
1.30 
1.30 
1.30 
1.20 
1.50 
1.40 
1.30 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
.90 
.90 

•  «»■*•  • 

0.90 
.80 
.80 
.70 
.70 
.70 
.70 
.80 
.70 
.70 
.70 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.70 
.70 
.90 
.90 
1.10 
.90 
.80 
.90 
1.20 
1.00 
1.20 
1.40 
1.70 

1.50 
1.70 
1.40 
1.20 
2.20 
7.20 
6.10 
3.70 
3.90 
6.60 
14.00 
16.06 
9.60 
8.00 
7.20 
6.10 
5.20 
4.30 
3.30 
3.10 
3.00 
3.80 
2.80 
2.30 
2.00 
1.80 
1.50 
1.60 
1.40 
1.30 
1.30 

1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.90 

.80 

.70 

.70 

0.70 

.70 

.60 

.70 

.80 

.80 

1.00 

1.10 

1.00 

1.00 

.90 

.90 

1.40 

1.20 

1.00 

.80 

.80 

.80 

1.40 

9.00 

5.40 

5.35 

13.10 

10.10 

6.90 

4.50 

3.80 

3.60 

3.40 

3.00 

2.80 

2.  it) 
2.60 
2.80 
2.20 
2.00 
1.80 
1.80 
1.70 
1.60 
1.60 
2.00 
1.80 
1.80 
2.00 
2.00 
1.80 
1.80 
1.80 
2.20 
3.00 
3.60 
3.30 
3.20 
3.10 
3.00 
2.70 
2.60 
2.40 
2.20 
2.10 

2.10 
2.10 

3 

2.00 

4 

5 

2.50 
5.10 

6 

9.20 

7 

6.10 

6 

4.50 

9 

10 

11 

12 

3.60 
3.00 
2.60 
2.40 

13 

2.20 

14 

2.20 

15 

16 

2.00 
1.80 

17 

1  80 

18 

2.00 

19 

20 

21 

2.10 
2.20 
2.60 

22 

3.30 

23 

4.70 

24 

6.20 

25 

0.90 

26 

5.30 

27 

4.30 

28 

3.70 

29 

3.20 

30 

3.00 

31 

2.70 
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Daily  gage  height,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

• 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

X^^Ca 

1 

3.00 
3.40 
2.00 
2.70 
2.30 
4.10 
6.90 
8.10 
6.80 
5.40 
4.60 
3.90 
3.00 
3.40 
3.40 
4.00 
5.70 
5.20 
4.70 
4.40 
4.00 
3.60 
8.30 
3.20 
3.30 
4.80 
4.70 
3.90 
3.20 
2.80 
2.60 

2.40 
2.00 
2.10 
2.10 
2.00 
2.00 
2.00 
2.80 
2.30 
8.60 
4.20 
4.20 
4.00 
8.90 
3.80 
4.00 
4.60 
5.00 
5.20 
5.40 
6.00 
8.60 
14.80 
13.70 
9.00 
6.00 
0.25 
13.90 

11.90 
9.20 
8.20 
7.00 
8.50 
16.55 
12.90 
10.00 
8.10 
6.00 
5.80 
5.60 
5.00 
4.80 
4.50 
4.60 
4.70 
4.40 
6.20 
5.40 
5.30 
4.70 
4.20 
4.00 
3.00 
8.70 
8.50 
8.40 
3.00 
8.60 
7.00 

6.30 
4.60 
4.00 
3.60 
3.30 
8.00 
2.80 
3.00 
3.60 
8.40 
4.20 
4.50 
3.40 
3.20 
3.00 
2.80 
2.70 
2.60 
2.50 
2.40 
2.20 
2.10 
2.00 
2.00 
2.00 
1.00 
1.90 
1.80 
1.70 
1.70 

LOO 
1.60 
2.10 
L70 
1.70 
2.10 
2.00 
1.90 
1.00 
2.40 
4.50 
3.80 
8.40 
8.20 
2.80 
2.60 
2.80 
2.40 
8.65 
6.80 
5.00 
8.60 
8.00 
2.70 
2.40 
2.10 
2.00 
LOO 
L70 
L70 
1.80 

2.00 
2.40 
3.80 
2.60 
2.10 
L80 
LOO 
L50 
L40 
l.TO 
L80 
LTO 
L70 
LOO 
L60 
1.50 
L40 
L40 
1.30 

Lao 

L20 
L20 
1.10 
LIO 
1.00 
LOO 
LOO 
L20 
LIO 
LOO 

LOO 

LOO 

LIO 

LOO 

.90 

LOO 

2.00 

LOO 

LOO 

.90 

.90 

.80 

.80 

.80 

.00 

LIO 

.90 

.70 

.70 

.70 

.70 

.70 

.70 

.60 

.60 

.60 

.60 

.60 

.50 

.80 

.80 

0.70 

.70 

.70 

.90 

LOO 

1.10 

LIO 

LIO 

LOO 

1.00 

.90 

.80 

.60 

.60 

.60 

.70 

.70 

.60 

.60 

.60 

.60 

.50 

.60 

.50 

.60 

.50 

L20 

LIO 

LIO 

LOO 

LOO 

0.90 
.90 
.80 
.80 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.80 
L20 
LIO 
LOO 
.90 
.80 
.70 
.70 
.90 
.70 
.80 
.90 
.90 
.90 
LOO 
.80 
.70 
.70 
.80 

0.70 
.60 
.60 
.60 
.00 
.60 
.70 
.70 
.70 
.60 
.60 
.00 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.50 
.50 
.60 
.50 
.50 
.60 
.50 
.60 
.60 
.50 
.60 

0.80 

L50 

2.50 

2.00 

LOO 

L40 

L40 

LOO 

1.20 

LOO 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

.90 

.90 

.80 

.80 

.80 

.80 

0.80 

2 

.80 

3 

.80 

4 

.80 

5 

.80 

6 

.70 

7 

.70 

8 

.70 

9 

.70 

10 

.70 

11 

.70 

12 

.80 

13 

.80 

u 

1.30 

15 

8.00 

18 

2.10 

17 

1.70 

18 

1.60 

19 

1.60 

20 

1.60 

21 

1.30 

22 

LIO 

23 

LOO 

24 

L30 

25 

1.80 

28 

2.10 

27 

1.60 

28 

L50 

29 

LOO 

30 

31 

1.60 
L60 

Daily  gage  lieight,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland,  for  19(X), 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

L60 
1.60 
L40 
1.60 
L50 
L40 
1.40 
1.80 
1.30 
L20 
L30 
1.40 
L40 
L60 
L80 
2.10 
LOO 
1.70 
1.60 
2.20 
3.60 
6.80 
5.60 
4.00 
3.30 
2.80 
2.50 
2.10 
L80 
1.30 
1.20 

LOO 
L60 
2.00 
2.10 
2.20 
LOO 
L80 
1.50 
L80 
2.30 
3.00 
2.50 
8.00 
4.50 
5.30 
4.60 
3.80 
8.10 
2.60 
2.80 
LOO 
8.00 
0.90 
7.10 
6.60 
3.90 
3.30 
3.00 

8.60 
4.60 
6.60 
6.90 
4.40 
4.00 
3.60 
3.90 
4.60 
4.00 
3.60 
3.20 
2.90 
2.80 
2.70 
2.60 
2.40 
2.80 
2.40 
2.60 
5.80 
8.70 
6.60 
5.40 
5.00 
4.50 
4.10 
3.70 
8.60 
3.30 
3.20 

4.80 
3.80 
3.40 
3.10 
2.80 
2.70 
2.60 
2.60 
2.40 
2.80 
2.10 
2.10 
2.00 
L90 
LOO 
L80 
LOO 
L70 
L70 
LOO 
L70 
2.20 
2.50 
2.80 
3.00 
2.80 
2.60 
2.80 
2.10 
2.00 

1.90 
L70 
1.60 
L60 
L50 
L40 
L40 
LdO 
LOO 
L80 
L20 
L20 
LIO 
LIO 
LIO 
LIO 
LOO 
LOO 
L20 
1.30 
L80 
LOO 
2.00 
L70 
L60 
L40 
1.40 
L40 
LOO 
L20 
L80 

LdO 
LOO 
L30 
1.40 

Leo 

LOO 
1.50 
L40 
L40 
L30 
L20 
LIO 
LOO 
.90 
LOO 
1.00 
LOO 
2.80 
8.60 
6.20 
4.60 
8.60 
2.70 
2.30 
2.10 
2.00 
LOO 
1.60 
L40 
LOO 

L20 

LIO 

LOO 

LOO 

.90 

LOO 

LOO 

.90 

.80 

.70 

.60 

.60 

.50 

.50 

.50 

.40 

.40 

.40 

.50 

L4( 

LOO 

.90 

.80 

L80 

LOO 

2.00 

L40 

L20 

LOO 

LOO 

1.30 

L20 
LIO 
LOO 
.90 
.03 
.80 
.80 
.70 
.60 
.60 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
.60 
.70 
.90 
.90 
.80 
.80 

0.70 
.70 
.60 
.60 
.60 
.00 
.60 
.40 
.40 
.30 
.40 
.30 
.30 
.40 
.40 
.40 
.30 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.30 
.20 
.30 
.30 

0.30 
.80 
.30 
.30 
.30 
,30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.00 
.60 
.40 
.40 
.80 
.30 
.80 
.60 
.40 

-.40 
.40 
.40 
.60 
.60 
.60 
.50 
.60 

0.60 
.60 
.60 
.50 
.60 
.40 
.40 
.40 
.50 
.60 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.80 
.20 
.20 
.30 
.40 
.40 
.40 
.40 
L20 
8.30 
8.20 
6.40 
3.20 

2.40 
1.90 

3 

1.60 

4 

1.60 

6 

2.00 

6 

4.10 

7 

5.90 

8 

8.70 

9 

3.00 

10 

2.60 

11 

2.10 

12 

1.80 

13 

1.60 

14 

1.50 

15 

1.40 

16 

1.40 

17 

1.50 

18 

i.ao 

19 

LIO 

20 

1.10 

21 

1.00 

22 

.90 

23 

.00 

24 

.80 

25 

.80 

38 . 

27 

.80 
.80 

28 

.80 

29 

.80 

30 

.80 

81 

.80 
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MONOCACY  RIVER  NEAR  FREDERICK,   MARYLAND. 

This  station  was  established  August  4,  1896,  by  E.  G.  Paul,  at  the 
county  bridge  on  the  turnpike  4  miles  northeast  of  Frederick,  on  the 
road  leading  from  Frederick  to  Mount  Pleasant,  Maryland,  about 
2,000  feet  above  the  mouth  of  Israel  Creek  and  3,000  feet  below  the 
mouth  of  Tuscarora  Creek.  It  is  described  in  Water-Supply  Paper 
No.  35,  page  93.  Records  of  discharge  measurements  for  1899  will  be 
found  in  the  Twenty-fii'st  Annual  Report,  Part  IV,  page  98.  During 
1900  the  following  measurements  were  made  by  Mr .# Paul: 

Jnne  29:  Gage  height,  4.10  feet;  discharge,  191  second-feet. 
September  20:  Gage  height,  8.80  feet;  discharge,  88  second-feet. 

Daily  gage  height,  infect,  of  Monocacy  River  near  Frederick,  Mainland,  for  1900» 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

4.00 
8.90 
3. 90 
3.80 
3.70 
8.70 
3.70 
8.70 
8.70 
8.70 
8.60 
8.60 
8.50 
3.50 
3.60 
8.60 
8.60 
8.90 
8.80 
3.80 
8.80 
4.80 
4.70 
4.10 
4.70 
4.00 
8.90 
5.60 
6.80 
4.80 
4.00 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.40 
5.40 
5.40 
5.20 
5.00 
4.«0 
4.80 
4.50 
4.50 
4.00 
5.00 
10.20 
9.20 
5.40 
4.90 
4.80 
4.60 
4.60 
4.90 
9.00 
9.50 
7.05 
6.50 
6.00 
5.70 
5.60 
5.10 
4.90 
4.60 
4.50 
4.60 

5.10 
5.10 
5.10 
5.10 
5.20 
5.10 
5.80 
6.90 
7.55 
6.90 
5.80 
5.50 
15.10 
12.85 
7.00 
6.60 
5.90 
5.90 
5.80 
5.50 
6.50 
17.15 
15.00 
10.50 
8.50 
7.10 
6.50 
6.50 

18.45 
12.00 
9.50 
8.20 
7.30 
7.10 
8.00 
7.50 
6.60 
6.80 
6.80 
6.90 
5.70 
5.60 
5.50 
5.40 
5.40 
5.40 
5.40 
13.60 
10.20 
9.10 
8.20 
6.60 
6.10 
6.00 
5.90 
5.70 
5.50 
5.60 
6.50 

5.40 
5.70 
5.60 
5.50 
5.50 
5.40 
5.80 
5.20 
5.10 
5.10 
5.00 
6.00 
5.00 
5.00 
5.00 
4.90 
4.90 
5.10 
5.20 
5.10 
5.00 
5.00 
5.50 
6.60 
5.40 
4.90 
4.80 
4.80 
4.80 
4.70 

4.70 
4.70 
4.70 
4. 90 
4.80 
4.00 
4.60 
4.40 
4.40 
4.40 
4.40 
4.40 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
6.50 
7.00 
6.50 
5.90 
4.90 
4.80 
4.70 
4.60 
4.50 
4.50 
4.50 
4.60 
4.50 

4.40 
4.40 
4.40 
4.40 
4.40 
4.80 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.40 
4.80 
5.00 
5.80 
6.00 
5.10 
4.90 
4.50 
4.40 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.00 

4.00 
4.00 
3.90 
3.90 
8.90 
8.90 
8.80 
8.80 
3.70 
8.70 
3.70 
8.70 
8.70 
8.70 
8.70 
8.60 
8.60 
8.60 
3.70 
4.60 
4.60 
3.80 
4.10 
5.50 
4.80 
4.20 
4.20 
4.10 
4.00 
4.00 
4.00 

8.90 
8.80 
8.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.60 
8.60 
8.00 
3.60 
3.60 
3.90 
8.90 
8.90 
8.90 
8.80 
8.80 
3.70 
3.60 
8.60 
3.60 
3.60 
3.60 
3.00 
3.70 
4.00 

3.90 
3.80 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
8.90 
4.10 
4.10 
4.10 
3.90 
3.80 
3,70 
3.70 
3.70 
3.80 
8.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

3.70 
3.70 
3.70 
4.10 
4.10 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
8.90 
3.90 
3.90 
8.90 
3.90 
3.90 
3.80 
3.80 
8.80 
3.80 
8.80 
3.90 
3.90 
3.90 
9.20 
7.30 
7.10 
6.90 
6.30 

5.20 

2 

4.80 

3 

4.80 

4 

7.20 

5 

12.10 

6 

6.00 

•* 

t  ^.. ........... 

5.50 

8 

5.20 

9 

4.90 

10 

4.50 

11 

4.80 

12 

13 

4.20 
4.00 

U 

4.00 

1.5 

4.00 

16 

17 

4.00 
4.00 

18 ; 

4.00 

19 

a> 

3.90 
390 

21 

3.90 

22 

4.00 

23 

4.00 

24 

25 

2B 

4.10 
4.10 
4.10 

27 

4.10 

28 

4.10 

29 

4.00 

30 

31 

1 

ROCK  CREEK  AT  ZOOLOGICAL  PARK,   DISTRICT  OF  COLUMBIA. 

.The  first  station  on  Rock  Creek  was  established  in  1892,  at  the 
request  of  the  Commissioners  of  the  District  of  Columbia.  On  Jan- 
nary  18,  1897,  a  new  station  was  established  on  the  bridge  of  the 
Zoological  Park.  This  bridge  was  rebuilt  in  November,  1900,  and 
the  gage  was  destroyed.  A  new  station  will  be  established  in  1901. 
During  1900  one  measurement  was  made  by  E.  G.  Paul,  as  follows: 

April  24:  Gage  height,  2.75  feet;  discharge,  77  second-feet. 
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Daily  gage  height,  infeet^  of  Rock  Creek  at  Zoological  Park,  District  of  Columbia, 

for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Augr. 

Sept. 

Oct 

Nov. 

1 

2.45 
2.43 
2.43 

2.40 
2.88 
2.40 
2.40 
2.10 
2.40 
2.40 
2.43 
8.60 
3.08 
2.88 
2.58 
2.58 
2.80 
2.80 
2.83 
3.08 
3.13 
2.88 
2.80 
2.75 
2.68 
2.60 
2.58 
2.68 
2.48 
2.48 
2.55 

2.43 
2.43 
2.38 
2.40 
3.03 
2.60 
2.53 
2.83 
2.95 
2.68 
2.60 
2.68 
3.88 
3.00 
2.80 
2.75 
2.70 
2.70 
2.70 
2.78 
2.73 
5.20 
3.35 
2.90 
2.90 
3.08 
3.05 
2.78 

3.30 
3.25 
2.88 
2.78 
2.75 
2.80 
2.85 
2.73 
2.70 
2.68 
2.65 
2.70 
2.70 
2.70 
2.68 
2.70 
2.78 
2.80 
2.80 
3.75 
3.18 
2.85 
2.80 
2.78 
2.73 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 

2.75 
2.70 
2.70 
2.70 
2.68 
2.ft5 
2.65 
2.65 
2.63 
2.60 
2.60 
2.80 
2.75 
2.68 
2.65 
2.65 
2.70 
2.70 
3.10 
2.80 
2.73 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.65 
2.60 
2.60 

2.60 
2.60 
2.60 
2.60 
2.00 
2.55 
2.55 
2.55 
2.60 
2.63 
2.58 
2.55 
2.53 
2.50 
2.50 
2.,W 
2.50 
2.50 
2.90 
2.73 
2.55 
2.50 
2.50 
2.45 
2.50 
2.50 
2.45 
2.45 
2.45 
2.45 
2.40 

2.45 
2.?3 
2.60 
2.55 
2.50 
2.45 
2.45 
2.58 
2.45 
2.45 
2.40 
2.35 
2.45 
2.48 
2.68 
2.65 
4.80 
3.45 
2.78 
2.70 
2.68 
2.55 
2.60 
2.60 
2.50 
2.48 
2.48 
2.43 
2.a'S 
2.35 

2.35 
2.35 
2.85 

2.40 
2.88 
2.38 
2.38 
2.35 
2.33 
2.30 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.40 
2.40 
2.48 
2.40 
2.78 
2.48 
2.35 
2.38 
2.30 
2.30 
2.30 
2.60 

2.35 

2.28 
2.30 
2.28 
2.25 
2.25 
2.28 
2.20 
2.20 
2.20 
2.20 
2.15 
2.18 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.18 
2.28 
2.23 
2.25 
2.48 
2.38 
2.20 
2.20 
2.20 
2.20 
2.15 

2.15 
2.18 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.18 
2.65 
2.40 
2.20 
2.17 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.46 
2.40 
2.60 

2.40 
2.80 
2.20 
2.20 
2.20 
2.20 
2.15 
2.26 
2.25 
2.20 
2.20 
2.20 
2.23 
2.85 
2.35 
2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.25 
2.23 
2.18 
2.16 
2.15 
2.10 
2.10 
2.10 

2.10 

2 

2.15 

3 

2.15 

4 

5 

2.28 
2.35 

6 

2.28 

7  

2.25 

8 

2.40 

9 

2.48 

10 

2.43 

11 

12 

13 ... 

14 

15 

16 

17 

18  

19 

20.... 

21 

ti 

23 

Zi 

25 

26 

27 

28 

29. 

30 

31 

'.WW. 

i 

APPOMATTOX  RIVER  AT  MATTOAX,   VIRGINIA. 

This  station  was  established  in  August,  1900,  at  the  crossing  of  the 
Southern  Railway,  27  miles  southwest  of  Richmond.  The  gage  rod, 
which  is  on  the  guard  rail  of  the  bridge,  is  laid  off  to  feet  and  tenths, 
graduations  being  indicated  by  brass  nails.  The  zero  of  the  rod  is  58.1 
feet  from  the  west  end  of  the  bridge,  on  the  upstream  side.  The  outer 
rim  of  the  pulley  is  0.9  foot  from  the  zero  of  the  rod;  the  distance 
from  the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is  48.75 
feet.  When  the  gage  reading  is  1  foot  the  water  level  is  45.6  feet 
below  the  top  surface  of  the  upper  chord  of  the  bridge,  upstream  side, 
and  at  the  zero  of  the  gage. 

The  river  here  is  straight  for  a  considerable  distance  above  the 
station,  but  there  is  an  abrupt  bend  about  100  feet  below  the  bridge. 
The  river  is  very  narrow,  and  at  the  low  stage  at  which  the  gage  was 
placed  the  current  velocity  is  not  very  well  distributed,  there  being 
practically  no  current  for  several  feet  next  to  the  west  bank.  It  was 
possible,  however,  to  secure  a  good  gaging,  and  old  residents  stated 
that  the  river  was  at  the  lowest  stage  it  had  reached  in  fourteen  years. 
The  Mattoax  railroad  station  is  located  on  the  west  bank  of  the  river, 
and  J.  C.  Carter,  the  station  agent,  is  the  observer.  During  1900  the 
following  measurements  were  made  by  E.  W.  Myers: 

Angost  25:  Gage  height,  1  foot;  discharge,  106  second-feet. 
November  1:  Gkige  height,  0.85  foot;  discharge,  177  second-feet. 


VIBGINIA. 
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Daily  gage  height ,  in  feet,  of  Appomattox  River  at  Mattoax,  Virginia,  for  1900. 


Day. 


Aag.  Sept.'  Oct 


1 

1.25 
.50 
.33 
.33 
.38 
.05 
.13 
.15 
.15 
.17 
.17 
.13 
.03 
.06 
.13 

2.53 

0  73 

* 

68 

3 , 

88 

4 

98 

5 

6 

1.08 

i  ..  ......  ....  ......  !.....• 

,95 

8 

83 

9 

10 

.88 
1  68 

11 1 

1.20 

12 

.85 

13 

14 ! 

.78 
.95 

i.^i 

.05 

16 

1.00 

1 

Nov.  Dec. 


0.80 
.90 
1.40 
2.05 
2.90 
2.00 
1.40 
1.20 
1.10 
1.15 


1.10 
1.00 
.  W 
1.70 
5.05 
6.50 
3.10 
2.20 
1.90 
1.55 


1.10  '  1.04 


1.00 
.05 

1.00 
.97 
.94 


1.15 
1.25 
1.30 
1.25 
1.15 


Day. 

Aug. 

Sept. 

3.75 
2.25 

1.00 
.78 
.60 
.60 
.60 
.73 
.90 

.a5 

.60 
.65 
.55 
.65 

Oct. 

17 

0  90 

18 

85 

19 

.85 

20 ' 

75 

21 

70 

65 

23 1 

65 

24 

70 

25 

.80 

26 

27 

0.50 
.60 
.45 
.30 
.55 

2.50 

1.50 
1.05 

28....: 

29 

.80 
75 

30 

80 

31 

.a5 

Oct.  Nov.  I  Dec 


1. 


1. 
1. 
2. 
1. 
1. 


00 
86 
99 
06 
03 
99 
05 
04 
00 
00 
00 
03 
70 
20 


1.00 
.75 
1.75 
1.50 
1.45 
1.00 
1.42 
3.00 
3.02 
4.50 
3.00 
3.30 
2.06 
2.00 
2.35 


NORTH   (of  JAMES)   RIVER  AT  GLASGOW,  VIRGINIA. 

This  station,  which  was  established  August  21,  1895,  by  C.  C.  Babb 

and  D.  C.  Humphreys,  is  at  the  East  Glasgow  county  bridge  about  1 

mile  above  the  mouth  of  the  river.     It  is  described  in  Water-Supply 

Paper  No.  35,  pages  95  and  96.     Records  of  measurements  made  in 

1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 

1U7.     During  1900  the  following  measurements  were  made  by  D.  C. 

Humphreys: 

March  5:  Gage  height,  2.18  feet;  discharge,  1,234  second-feet. 
June  26:  Gage  height.  1.45  feet;  discharge,  600  second-feet. 
Angnst  4:  Gage  height,  0.71  foot;  discharge,  252  second-feet. 
December  19:  Gage  height,  1.08  feet;  discharge,  398  second-feet. 

Daily  gage  height,  in  feet,  of  North  (of  James)  River  at  Olaagow,  Virginia,  for 

1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

1.25 

1.15 

1.12 

1.10 

1.10 

1.05 

1.00 

.96 

.90 

.88 

.85 

.80 

.75 

.75 

.72 

.70 

.70 

.?2 

.70 

.75 

.95 

1.30 

1.60 

1.10 

.85 

1.15 

1.30 

1.06 

.95 

.88 

.88 

Aug. 

Sept. 

1 

0.41 
.40 
.40 
.41 
.40 
.40 
.40 
.38 
.34 
.30 
.30 
.30 
.40 
.40 
.50 

2.40 

1.10 
.60 
.50 
.40 
.45 
.52 
.64 
.60 
.60 
.60 
.60 
.52 
.50 

1.25 

Oct 

Nov. 

Dec. 

1 

O.db 

.92 

.92 

.95 

.92 

.90 

.90 

.89 

.90 

.90 

.08 

1.45 

1.75 

1.52 

1.45 

1.35 

1.35 

1.36 

2.50 

6.02 

4.35 

3.21 

2.75 

2.15 

1.95 

1.76 

i.eo 

1.50 
1.55 
1.35 
1.45 

1.20 
1.05 
1.20 
1.26 
1.40 
1.40 
1.30 
2.20 
2.00 
1.90 
1.78 
1.62 
5.50 
4.45 
8.25 
2.85 
2.40 
a  2. 20 
2.00 
1.92 
1.05 
6.40 
4.80 
3.45 
2.96 
2.80 
2.00 
2.85 

6.35 
4.10 
3.75 
3.25 
2.00 
2.65 
2.60 
2.30 
2.28 
2.50 
2.10 
2.06 
1.95 
1.75 
1.65 
1.85 
2.08 
1.90 
1.90 
4.45 
5.60 
3.85 
8.10 
2.82 
2.72 
2.50 
2.50 
2.38 
2.28 
2.20 
2.12 

2.04 

1.  V0 

1.87 
1.82 
1.72 
1.65 
1.60 
1.52 
1.50 
1.46 
1.45 
1.42 
1.40 
1.35 
1.32 
1.28 
1.25 
1.30 
2.60 
2.52 
a  2. 00 
1.45 
8.00 
2.65 
2.36 
2.15 
2.15 
2.10 
2.00 
1.75 

1.40 
1.40 
1.40 
1.35 
1.82 
1.30 
1.22 
1.20 
1.20 
1.20 
1.15 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
.05 
2.52 
1.48 
1.45 
1.35 
1.25 
1.28 
2.50 
2.00 
1.65 
1.50 
1.52 
1.40 
1.30 

1.30 
1.30 
1.40 
1.30 
1.10 
1.0O 
1.00 
1.00 
1.00 
1.00 
.96 
1.00 
2.00 
1.45 
1.40 
4.40 
4.00 
4.20 
8.30 
2.60 
2.30 
1.05 
1.75 
1.50 
1.45 
1.40 
1.35 
1.25 
1.22 
1.1b 

0.78 
.75 
.70 
.68 
.60 
.55 
.53 
.51 
.51 
.60 
.50 
.50 
.50 
.50 
.50 
.50 

..w 

.50 
.48 
.48 
.50 
.50 
.48 
.48 
.50 
.50 
.52 
.50 
.50 
.48 
.45 

0.95 

.60 

.55 

.53 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.48 

.48 

.45 

.4}} 

.40 

.48 

.46 

.45 

.46 

1.13 

3.60 

2.65 

1.45 

1.20 

1.15 

1.00 

.95 

.90 

0.90 
.85 
.90 
.95 
.92 
.90 
.86 
.85 
.86 
.85 
.85 
.82 
.80 
.80 
.78 
.80 
.78 
.80 
.73 
.70 
.75 
.75 
.76 
.76 
.78 
6.35 
4.10 
2.90 
2.25 
1.84 

1.60 

2 

1.55 

3  

1.48 

4 

a  2. 89 

5 

4.30 

6 

3.85 

7  ...... .... .... 

3.45 

8 

3.10 

9 

2.00 

10 

1.70 

11 

1.58 

12 

1.50 

13 

1.40 

14 

1.32 

15 

1.28 

18 

1.20 

17 

1.10 

18  

1.06 

19 

a»  

1.06 
1.02 

21 

1.00 

22 

1.00 

23 

1.00 

24 

1.00 

25 _ 

36 

.98 
.98 

27 

.96 

26 

.95 

29 

.98 

30 

.03 

31 

.90 

a  Interpolated. 
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JAMES  RIVER  AT  BUCHANAN,  VIRGINIA. 

This  Station,  which  was  established  August  18,  1895,  by  C.  C.  Babb 
and  D.  C.  Humphreys,  is  located  about  20  miles  above  the  mouth  of 
North  River  and  a  half  mile  above  the  mouth  of  Purgatory  Creek. 
It  is  described  in  Water-Supply  Paper  No.  35,  page  97.  Records  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  108.  During  1900  the  following  measui'eraents 
were  made  by  D.  C.  Humphreys: 

March  30:  Qage  height,  4.62  feet;  discharge,  4,458  second-feet. 
June  28:  Gage  height,  2.80  feet:  discharge,  1,043  second- feet. 
Angnst  4:  Gkige  height,  2.25  feet;  discharge,  523  second-feet. 
August  21:  Gage  height,  1.85  feet;  discharge.  374  second-feet. 
December  20:  G«ge  height,  2.93  feet;  discharge,  1,197  second-feet. 

Daily  gage  height  ^  in  feet,  of  James  River  at  Buchanan,  Virginia,  for  1900. 


Dsij. 

Jan. 

Feb. 

2.40 
2.40 
2.30 
2.35 
2.55 
2.60 
2.50 
2.06 
3.65 
8.80 
3.60 
3.35 
6.85 
9.20 
6.10 
5.50 
4.55 
4.80 
8.60 
8.36 
3.80 
8.00 
7.46 
6.40 
6.60 
4.80 
4.36 
4.15 

Mar. 

Apr. 

May. 

June. 

2.85 
2.75 
3.30 
3.06 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
3.10 
2.80 
2.80 
4.60 
6.30 
6.90 
6.00 
4.65 
4.15 
8.90 
3.25 
8.06 
8.00 
2.90 
2.80 
2.70 
2,70 
2.70 

July. 

2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.30 
2.20 
2.20 
2.80 
2.80 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
8.10 
3.20 
8.15 
3.30 
2.75 
2.55 

Aug. 

Sept. 

1.90 
1.90 
1.90 
2.15 
2.90 
2.80 
2.20 
1.95 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
2.10 
8.15 
8.36 
2.60 
2.36 
2.20 
2.10 
2.10 
2.10 
2.20 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 

Oct. 

Nov. 

Dec. 

1 

2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.10 
2.40 
3.10 
4.20 
3.55 
3.15 
2.95 
2.80 
2.80 
3.75 
9.30 
8.15 
6.6Q 
4.55 
3.95 
3.60 
3.90 
3.20 
2.75 
2.55 
2.40 
2.40 

6.80 
9.25 
6.80 
6.60 
4.90 
4.55 
4.40 
4.40 
4.60 
4.86 
4.20 
4.06 
3.90 
8.75 
8.60 
8.60 
8.50 
8.40 
8.60 
9.60 
10.80 
7.40 
6.95 
5.20 
4.95 
4.^ 
4.80 
4.90 
4.75 
4.60 
4.60 

4.40 
4.15 
4.00 
8.90 
3.80 
3.70 
3.60 
3.50 
8.85 
8.20 
8.10 
8.00 
8.00 
3.00 
2.90 
2.80 
2.80 
2.95 
4.16 
4.90 
4.65 
4.70 
5.45 
4.85 
4.40 
4.25 
3.85 
3.70 
8.25 
8.16 

3.10 
8.00 
2.90 
2.85 
2.80 
2.80 
2.70 
2.65 
2.60 
2.65 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.80 
2.80 
2.25 
2.90 
2.85 
2.66 
2.60 
2.66 
4.50 
4.00 
8.45 
3.20 
3.10 
8.00 
8.00 

2.40 
2.80 
2.80 
2.25 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 

2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.85 
2.70 
2.60 
2.45 
2.80 
2.20 
2.20 
2.80 
2.05 
10.45 
5.65 
4.10 
2.90 
2.70 
2.60 
2.60 

2.ex) 

2.50 
2.50 
2.80 
8.45 
8.65 
8.25 
2.95 
2.80 
2.70 
2.00 
2.60 
2.50 
2.50 
2.50 
2.60 
2.40 
2.40 
2.40 
2.40 
2.80 
2.80 
2.80 
2.30 
2.&5 
4.25 
18.60 
12.20 
6.85 
5.50 
4.85 

4.20 

2 

8.80 

3 

8.70 

4 

6.a3 

5 

9.3i) 

6 

6.25 

7 

5.:i5 

8 

4.95 

9 

4.75 

10 

4.44) 

11 

S.9o 

12 

8.80 

13 

3.65 

14 

3.50 

15 

8.35 

16 

8.20 

17 

8.10 

18 

3.10 

19 

8.00 

20 

2.90 

21 

2.90 

22 

2.9f) 

23 

2.80 

24 

8.05 

|» 

8.10 

26 

27 

8.00 
8.00 

28 

2.90 

29 

2.90 

80 

2.80 

31 

2.80 

JAMES   RIVER  AT  CARTERSVILLE,  VIRGINIA. 

This  station,  which  was  established  Januarj-  1, 1899,  by  D.  C.  Hum- 
phreys, is  located  at  the  highway  bridge  crossing  the  James  at  Car- 
tersville,  a  half  mile  from  the  railroad  station  and  50  miles  above 
Richmond,  Virginia.  It  is  described  in  Water-Supply  Paper  No.  35, 
page  98,  together  with  a  number  of  other  gages  that  have  been 
installed  on  this  river.     Records  of  measurements  for  the  year  1899 
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will  be  found  in  Paper  No.  35,  page  99.     During  1900  the  following 
measurements  were  made  by  D.  C.  Humphreys: 

April  2:  Gkige  height,  4.74  feet;  discharge,  0,469  second-feet. 
Jane  30:  Gage  height,  2.34  feet;  discharge,  4,049  second-feet. 
Angnst  8:  Gage  height,  0.97  foot;  discharge,  1,515  second-feet. 
Aagost  24:  Gage  height,  1.00  foot;  discharge,  1,405  second-feet. 
December  22:  Gage  height,  2.08  feet;  discharge,  8^360  second-feet. 

Daily  gage  height  ^  in  feet,  of  James  River  at  Cartersvillej  Virginia,  for  1900, 


Day. 


1 

^ 

3 
4 
o 
6 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
3.1 
21 

:3 

24 
23 
96 
27 

2S 

30 
31 


Jan.     Feb 


2.00 
2.30 
2.42 
2.42 
2.42 
2.42 
2.20 
2.10 
1.85 
1.80 
1.60 
8.65 
4.40 
4.10 

4.  a) 
3.40 
2.80 
2.40 
4.80 
18.06 
13.00 
11.60 
7.50 
6.10 
6.00 
4.20 
8.66 
3.25 
8.00 
2.56 
3.35 


2.10 
1.75 
1.50 
2.25 
4.85 
4.00 
3.90 
3.15 
2.90 
2.90 
8.40 
3.45 
7.30 
9.33 
12.20 
8.10 
6.05 
5.30 
4.50 
4.00 
3.80 
8.90 
11.80 
11.25 
9.05 
7.00 
6.00 
5.10 


Mar. 


7.80 
15.65 
12.90 
9.50 
7.56 
6.40 
5.40 
5.10 
5.10 
5.05 
4.80 
4.40 
4.00 
3.60 
3.40 
3.40 
3.4U 
3.00 
4.20 
6.00 
10.50 
11.75 
9.80 
7.00 
6.00 
5.50 
5.40 
5.80 
5.20 
5.00 
5.80 


Apr. 


4.95 
4.73 
4.45 
4.20 
4.00 
3.75 
3.50 
8.40 
8.10 
3.00 
3.10 
3.50 
3.30 
3.10 
3.10 
2.50 
2.50 
11.15 
8.20 
7.  SO 
7.40 
8.50 
7.78 
7.50 
6.40 
5.50 
5.88 
4.57 
4.10 
8.80 


May. 


3.50 
3.30 
3.20 
3.00 
2.90 
2.80 
2.75 
2.75 
2.50 
2.60 
2.60 
2.50 
2.35 
2.25 
2.15 
2.10 
2.00 
1.95 
2.40 
2.75 
2.68 
2.58 
2.50 
2.40 
3.40 
8.35 
4.40 
8.60 
8.10 
2.95 
2.73 


June. 


2.65 
2.48 
2.25 
3.55 
2.60 
2.25 
2.15 
2.00 
2.30 
2.15 
1.95 
1.65 
5.00 
3.78 
5.00 
3.22 
10.60 
10.20 
9.00 
7.50 
5.50 
4.48 
3.85 
3.50 
3.20 
3.25 
3.10 
2.65 
2.65 
2.35 


July. 


2.30 
2.00 
2.00 
1.95 
1.95 
1.85 
1.70 
1.56 
1.50 
1.48 
1.47 
1.30 
1.27 
1.27 
1.25 
1.20 
1.10 
1.10 
1.10 
1.21 
1.14 
1.07 
1.17 
1.80 
1.70 
1.40 
2.80 
2.80 
2.30 
2.25 
1.95 


Aug. 


Sept. 


Oct.  j  Nov.  I  Dec. 


1.75 

1.53 

1.2S 

1.30 

1.15 

1.10 

1.00 

.97 

.97 

.97 

.83 

.82 

.80 

.74 

.73 

.70 

.65 

.65 

.82 

.65 

.70 

.75 

.95 

1.00 

1.25 

.95 

.80 

1.15 

1.10 

.82 

1.03 


0.90 

.85 

.70 

.68 

.65 

.60 

.60 

.50 

.50 

.60 

.60 

.50 

.25 

.45 

.46 

2.50 

3.25 

2.90 

2.17 

2.00 

1.80 

1.15 

l.OU 

1.05 

1.08 

1.02 

1.00 

1.00 

1.00 

1.00 


1.00 

1.85 

1.00 

1.70 

1.00 

1.70 

1.30 

8.03 

1.20 

2.30 

1.10 

2.25 

1.05 

2.16 

1.05 

2.00 

1.05 

1.90 

1.05 

1.T2 

1.02 

1.67 

1.00 

1.55 

.90 

1.53 

2.30 

1.52 

1.55 

1.48 

1.20 

1.47 

.90 

1.47 

1.20 

1.46 

1.25 

1.44 

1.15 

1.40 

1.10 

1.38 

1.00 

1.37 

1.20 

1.34 

1.70 

1.30 

10.00 

1.30 

6.98 

3.40 

4.70 

15.15 

3.70 

18.10 

2.75 

8.00 

2.75 

7.65 

2.40 

6.66 
8.88 
3.88 
9.50 
11.30 
11.15 
8.00 
6.90 
5.66 
5.06 
4.00 
8.50 
8.30 
3.16 
3.10 
2.90 
2.60 
2.87 
2.84 
2.30 
2.20 
2.16 
2.00 
2.00 
2.75 
2.50 
2.22 
2.10 
2.00 
2.00 
2.00 


JAMBS  RIVER  AT  HOLCOMB  ROCK,  VIRGINIA. 

This  station  was  established  by  the  Willson  Aluminum  Company, 
of  Holcomb  Rock,  Virginia,  in  1899,  in  connection  with  measurements 
to  determine  the  horsepower  available  at  that  point.  During  1899 
the  records  were  fragmentary,  but  at  the  commencement  of  1900  daily 
records  were  taken,  which  have  been  furnished  to  the  Geological  Sur- 
vey through  the  courtesy  of  T.  R.  Ragland,  general  manager  of  the 
company.  The  gage  consists  of  a  copper  float  8  by  8  by  8  inches, 
with  a  vertical  rod  1|  inches  square  attached  to  it,  the  rod,  which 
extends  up  through  the  power-house  floor,  being  scaled  to  tenths  of 
a  foot.  The  copper  float  is  inclosed  in  a  12-inch  by  12-inch  by  12-foot 
box,  which  rests  solidly  on  the  bottom  of  the  river.  The  box  is  per- 
forated, so  'that  the  water  in  it  will  always  stand  at  the  same  level 
as  the  water  in  the  river,  while  the  float,  being  inclosed,  is  not  in 
danger  of  being  broken  by  floating  timber.  The  fluctuations  of  the 
river  are  read  directly  from  the  rod,  which  moves  up  or  down  with 
the  float  as  it  responds  to  the  variations  in  the  height  of  the  river. 
Measurements  of  discharge  are  not  made  at  this  point. 
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111.     During  1900  the  following  measurements  were  made  by  E.  W. 
Myers: 

February  10:  Gage  height,  9.70  feet;  discharge,  9,361  second-feet. 
April  10:  Gage  height,  7.10  feet;  discharge  6,266  second- teet. 
April  11:  G&ge  height,  6.90  feet;  discharge,  6,002  second-feet. 
April  24:  Gage  height,  25.60  feet:  discharge,  49,896  second-feet. 
May  11:  Gage  height,  4.69  feet;  discharge,  5,508  second-feet. 
June  30:  Gage  height;  10.12  feet;  discharge,  9,530  second-feet. 
August  10:  Gage  height,  1.40  feet:  discharge,  2,842  second-feet. 
November  2:  Gage  height,  3.18  feet;  discharge  3,784  second-feet. 

Daily  gage  lieight^  in  feet  ^  of  Roanoke  River  at  Nealy  North  Carolina^  for  1900. 


Day. 


1 

2 

3 

i 

5 

6 

7 

8 

0 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 


Feb. 


2.10 
2.10 
2.00 
2.20 
2.20 
3.50 


30 
30 
30 
50 
5.10 
7.00 
12.00 
19.  ((0 
19.90 
17.60 
14.30 
11.70 
10.20 
9.30 
18.05 
21.25 
23.40 
23.50 
21.60 
18.50 
15.80 
13.10 
11.70 
10.40 
9.10 


7.80 

6.70 

5.00 

4.30 

4.60 

6.80 

12.70 

12.70 

11.10 

9.75 

9.90 

11.10 

13.10 

20.50 

22.50 

23.88 

23.90 

22.80 

19.70 

17.00 

14.70 

18.60 

14.60 

21.66 

22.30 

22.10 

20.95 

18.80 


Mar. 

Apr. 

May. 

June. 

July. 

16.40 

12.20 

12.90 

5.80 

9.15 

18.50 

11.60 

11.50 

5.40 

8.10 

21.80 

11.10 

10.40 

5.20 

7.20 

23.10 

10.20 

9.60 

4.80 

6.30 

24.65 

9.50 

8.80 

4.50 

5.30 

23.80 

9.00 

8.10 

4.20 

4.60 

21  50 

8.50 

7.60 

4.50 

4.00 

19.00 

8.10 

7.20 

4.50 

3.70 

17  30 

7.50 

7.00 

4.80 

3.70 

17.70 

7.20 

7.10 

4.20 

8.40 

18.10 

6.90 

7.00 

4.10 

3.00 

18.30 

6.90 

6.60 

4.20 

2.90 

17.80 

8.50 

6.30 

4.16 

3.10 

15.80 

9.80 

5.90 

4.00 

2.60 

13.60 

10.30 

5.50 

4.10 

2.50 

12.70 

9.70 

5.20 

7.60 

2.30 

12.10 

8.50 

4.80 

9.90 

2.80 

13.40 

7.50 

4.70 

11.20 

2.50 

14.40 

7.10 

4.95 

17.40 

2.00 

14.10 

21.75 

5.10 

16.10 

1.90 

13.40 

23.40 

7.80 

12.90 

1.60 

13.90 

24.63 

7.60 

9.80 

1.40 

15.80 

25.95 

6.70 

8.00 

1.40 

15.80 

25.55 

5.90 

6.70 

1.50 

13.50 

24.20 

6.00 

6.30 

6.00 

12.70 

23.60 

6.60 

11.50 

9.60 

13.00 

21.10 

14.70 

15.20 

8.60 

14.30 

18.40 

18.70 

18.00 

10.46 

14.20 

16.00 

10.40 

12.00 

13.60 

13.40 

14.30 

8.00 

10.46 

13.45 

13.30 

6.70 



10.40 

Aug. 


7.40 

4.80 

3.30 

2.70 

2.60 

2.25 

1.90 

1.60 

1.80 

1.30 

1.20 

1.00 

.90 

.80 

.60 

.40 

.40 

.60 

.40 

.40 

.40 

.40 

.40 

.70 

.90 

2.00 

2.10 

1.50 

1.10 

1.10 

1.40 


Sept. 


Oct. 


2.15 

1.80 

2.50 

2.60 

1.80 

1.90 

1.20 

1.20 

.70 

1.25 

.40 

1.45 

.40 

1.45 

.80 

1.60 

.80 

1.90 

.70 

2.90 

.50 

3.60 

.20 

3.20 

.10 

8.20 

.80 

2.20 

.40 

2.10 

.40 

1.70 

.10 

2.80 

1.80 

3.90 

12.40 

8.70 

9.20 

2.90 

6.20 

2.20 

8.80 

1.70 

2.50 

1.50 

1.30 

1.86 

1.45 

1.20 

1.35 

5.50 

1.80 

15.40 

2.40 

11.80 

2.50 

8  50 

2.60 

6.10 

4.60 

Nov. 


3.70 
3.20 
2.80 
4.00 
6.40 
7.80 
9.00 
7.90 
6.50 
5.10 
4.00 
3.70 
3.40 
8.10 
2.85 
2.80 
2.70 
2.50 
2.40 
2.25 
2.25 
2.20 
2.28 
2.35 
2.50 
2.60 
2.70 
3.00 
11.60 
11.40 


Dec* 


8.70 
6.50 
5.30 
4.60 
4.70 
11.75 
20.75 
18.80 
14.60 
11.80 
9.40 
7.70 
6.00 
5.80 
5.10 
4.70 
4.30 
4.20 
3.85 
3.70 
3.80 
4.40 
4.90 
5.40 
6.40 
6.80 
8.20 
7.90 
6.95 
5.90 
5.90 


DAN  RIVER  AT  SOUTH  BOSTON,  VIRGINIA. 

This  station,  which  was  established  August  27,  1900,  by  E.  W. 
Myers,  is  located  in  the  town  of  South  Boston,  Virginia,  on  the 
railroad  bridge  of  the  Norfolk  and  Western  Railroad  which  crosses 
the  river  at  that  place.  The  gage  rod  is  laid  off  on  the  downstream 
guard  rail  of  the  bridge,  the  graduations  being  indicated  by  brass 
nails  driven  into  the  rail.  The  zero  of  the  rod  is  exactly  over  the 
center  of  the  first  span  from  the  north  end  of  the  bridge.  The  dis- 
tance between  the  zero  of  the  rod  and  the  outer  lim  of  the  pulley 
is  2.39  feet;  and  the  distance  between  the  end  of  the  weight  and  the 
pointer  on  the  wire  rope  is  36.44  feet.  When  the  gage  reading  is  1 
foot  the  water  surface  is  31.06  feet  below  the  top  of  the  head  of  the 
nut  on  the  pin  connecting  the  two  tension  rods  with  the  lower  chord 
of  the  bridge,  this  pin  being  on  the  lower  side  of  the  bridge  and 
exactly  opposite  the  zero  of  the  gage.     This  is  a  very  good  station  for 
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the  gaging  of  all  except  the  very  highest  stages  of  flow.  At  extreme 
heights  the  river  spreads  out  over  a  flood  plain  of  considerable  width. 
The  trestle  connecting  the  bridge  with  the  embankment  on  the  south 
side  of  the  river  is  a  curve  of  rather  high  degree.  The  bed  of  the 
stream  is  of  coarse  sand  and  probably  shifts  only  slightly.  R.  M. 
Taliaferro,  South  Boston,  Virginia,  is  the  observer.  During  1900  the 
following  measurements  were  made  by  E.  W.  Myers: 

August  27:  Gage  height,  1.00  foot;  discharge,  1,046  second-feet 
October  31:  Giige  height,  2.20  feet;  discharge,  1,576  second-feet. 

DaUy  gage  height^  in  feet ,  of  Dan  River  at  South  Boston ,  Virginia,  for  1900, 


Day. 

Sept. 

Oct. 

Nov. 

2.00 
2.20 
2.00 
2.40 
2.10 
2.50 
2.70 
2.60 
2.60 
2.40 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 

Dec. 

Day. 

1 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.62 
.66 
.95 
.96 
.60 
.96 
.77 
.90 
.37 
.40 
.60 

.ao 

.40 

.45 

.40 

4.90 

1.60 
1.60 
1.60 
1.60 
1.40 

i.ao 

1.90 
1.90 
2.40 
2.40 
2.40 
2.20 
2.20 

2.ao 

2.00 
2.00 

3.00 
3.00  ' 
3.00 
4.00 
14.10 
8.00 
4.80 
3.80 
3.50 
3.20 
3.20 
3.20  , 
3.20  1 
3.10 
2.90  ' 
2.90 

j 
17 

8.65 
3.60 
2.00 
1.66 
1.25 
1.65 
1.30 
1.70 
1.70 
1.50 
1.60 
1.40 
1.30 
1.30 

2.40 
2.40 
2.00 
2.00 
1.90 
2.00 
2.00 
2.30 
7.50 
3.50 
3.50 
2.50 
2.50 
2.00 
2.00 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.00 
1.60 
1.60 
2.20 
5.60 
3.80 
8.20 
3.00 

3.00 

2 

18 

3.00 

3 

19....:::.:..::.. 

2.90 

4 

ao 

2.90 

6 

21 

3.00 

6 

22 

3.10 

1   ......  ......  .... 

23 

3.10 

8 

24 

3.10 

9 

25 

3.00 

10.,^ 

26 

3.00 

11 

27 

28 

3.00 

12 

3.20 

13 

29 

3.00 

U 

30 

2.70 

16 

31 

2.80 

16 

STAUNTON  RIVER  AT  RANDOLPH,  VIRGINIA. 

This  station,  which  was  established  August  27,  1900,  by  E.  W. 
Myers,  is  about  five-eighths  of  a  mile  southwest  of  Randolph  station, 
on  the  line  of  the  Southern  Railway  from  Richmond  to  Danville,  on 
the  railroad  bridge  which  crosses  the  river  at  that  place.  The  rod  is 
laid  off  on  the  guard  rail  of  the  bridge  on  the  downstream  side,  the 
graduations  to  feet  and  tenths  being  indicated  by  brass  tacks.  The 
zero  of  the  gage  rod  is  over  the  center  of  the  fifth  floor  beam  of  the 
second  span  from  the  north  end  of  the  bridge.  The  distance 
between  the  zero  of  the  rod  and  the  outer  rim  of  the  pulley  is  3.66 
feet;  the  distance  between  the  end  of  the  weight  and  the  pointer  on 
the  wire  rope  is  41.13  feet.  When  the  gage  reading  is  1  foot  the 
water  surface  is  34.85  feet  below  the  top  surface  of  the  fifth  floor 
beam,  directly  under  the  zero  of  the  gage.  The  river  is  straight  for 
a  long  distance  above  and  below  the  bridge,  and  the  velocity  of  the 
current  is  very  well  distributed.  It  is  said  that  the  rise  at  this  point 
is  about  25  feet.  It  is  not  probable  that  the  channel  changes  to  any 
degree  during  high  water.  The  observer  at  this  station  is  Justin 
Field,  station  agent  at  Randolph.  During  1900  the  following  meas- 
urements were  made  by  E.  W.  Myers: 

ATigDBt  37:  Qage  height,  1.00  foot;  discharge,  1,849  seoond-feet. 
October  81:  Gkige  height,  2.75  feet;  discharge,  2,304  second-feet 

IRR  48—01 3 
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Daily  gage  height^  in  feet ^  of  Staunton  River  at  Randolph,  Virginia,  for  1900. 


Day. 

Sept. 

1.00 

1.00 

.75 

.70 

.75 

2.00 

1.00 

.80 

.70 

.60 

.50 

.40 

.30 

.30 

1.00 

9.10 

Oct. 

Nov. 

2.60 
2.50 
2.80 
4.40 
4.60 
4.00 
3.45 
3.10 
2.95 
2.75 
2.60 
2.55 
2.55 
2.60 
2.45 
2.35 

Dec 

3.70 
8.30 
3.05 
4.75 
15.50 
10.60 
6.75 
5.60 
4.80 
4.85 
4.00 
8.75 
8.60 
8.40 
3.30 
8.20 

1 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.30 
1.35 
1.60 
1.50 
1.55 
2.00 
1.80 
1.60 
1.80 
2.00 
1.65 
1.00 
1.50 
1.55 
2.05 
2.50 

17 

6.90 
3.80 
2.05 
1.60 
1.35 
l..'» 
1.40 
1.85 
2.50 
2.00 
1.60 
1.40 
1.55 
1.40 

2.05 
1.70 
1.60 
1.45 
1.40 
1.85 
1.50 
6.00 
15.15 
6.1U 
4.60 
8.70 
8.30 
3.00 
2.75 

2.30 
2.30 
2.25 
2.30 
2.30 
2.85 
2.30 
2.25 
2.25 
3.10 
12.40 
6.60 
4.75 
4.00 

3.01) 

2 

18 

3.0(1 

8 

19 

20    

3.IIII 

4 

3.05 

5 

21    

3.15 

6 

22 

3.50 

7 

23 

3.T<) 

8 

24 

5.70 

0 

1  23    

4.80 

10 

28 

4.U0 

11 

27 

8.80 

12 

,  28 

8..50 

18 

29 : 

3.50 

14 

,  30 

8.30 

16 

'ai.-...::::::.::: 

a95 

16 

TAR  RIVER  AT  TARBORO,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  110. 
Extensive  sand  bars  have  formed  in  the  channel  during  periods  of 
extreme  low  water,  and  they  modify  very  materially  the  relation 
between  the  gage  height  and  the  discharge  at  low  stages  of  the  river. 
The  highest  recorded  flood  was  on  February  11,  1899,  when  the  gage 
height  was  25  feet  and  the  discharge  was  probably  19,850  second-feet. 
The  lowest  recorded  flow  was  on  November  2,  1900,  the  discharge 
being  87  second-feet,  the  maximum  flow  thus  being  about  218  times 
the  minimum  flow.  The  observer  is  R.  H.  Williams,  who  reads  the 
gage  once  a  day  during  ordinary  stages  of  the  river,  but  oftener 
during  floods.  Measurements  of  discharge  are  made  at  the  station 
and  occasionally  at  the  highway  bridge  crossing  the  stream  about 
200  yards  above,  as  the  lower  section  is  sometimes  obstructed  by  rafts 
of  logs.  Records  of  flow  during  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  112.  During  1900  the  following 
measurements  were  made  by  E.  W.  Myers: 

April  11:  Gage  height,  4.48  feet;  discharge,  1,915  second-feet. 
April  23:  Gage  height,  14.90  feet;  discharge,  10,237  second-feet. 
May  18:  Gage  height,  2.18  feet;  discharge,  1,003  second-feet 
Jnne  30:  Gage  height,  2.30  feet,  discharge,  1,030  second-feet. 
Augnst  9:  Gage  height,  0.40  foot,  discharge,  371  second-feet. 
November  2:  Gage  height,  — 0.80  foot;  discharge,  87  second-feet. 
November  21:  Gage  height,  0.50  foot;  discharge,  412  second-feet. 
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Daily  gage  height,  in  feet  ^  of  Tar  River  at  Tarboro,  North  Carolina,  for  1900. 


I>»y. 


Jan. 


Feb. 


1 

3.7 
3.0 
2.9 
2.6 
2.6 
2.6 
8.4 
8.6 
8.4 
4.8 
3.4 
3.8 
3.7 
9.4 

10.6 
9.6 
7.3 
6.2 
5.9 
6.7 
8.9 
9.6 

10.8 
9.0 
7.8 
64 
6.6 
6.0 
4.6 
4.6 
4.4 

2 

3 

4 

5 

6 

m 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

4.0 

8.8 

3.7 

8.6 

3.6 

4.8 

6.0 

6.9 

6.4 

5.0 

6.1 

7.8 

10.6 

12.8 

14.6 

16.8 

17.0 

18.0 

16.5 

18.7 

9.8 

8.0 

10.0 

11.5 

13.9 

13.7 

12.6 

11.9 


Ifar. 


10.0 

10.6 

12.3 

13.5 

14.3 

13.0 

10.6 

8.8 

7.8 

9.0 

11.2 

12.2 

11.4 

9.8 

8.0 

7.8 

8.8 

9.1 

9.6 

8.6 

7.8 

7.1 

6.6 

6.0 

6.1 

6.8 

8.8 

9.5 

10.0 

9.1 

7.8 


Apr. 


8.6 
9.0 
9.1 
8.0 
7.5 
7.6 
7.8 
6.0 
6.3 
6.0 
4.7 
4.6 
5.6 
8.7 
9.8 
9.8 
8.8 
7.2 
6.0 
9.4 
10.8 
18.2 
14.5 
i6.8 
18.8 
11.0 
8.6 
7.2 
6.0 
5.4 


Hay. 


6.0 
4.5 
4.6 
4.3 
4.0 
3.7 
8.4 
8.2 
8.0 
8.8 
8.6 
4.0 
8.1 
2.8 
2.6 
2.4 
2.2 
2.0 
4.0 
5.0 
4.8 


4. 
3. 


3.0 
4.5 
5.9 
5.6 
4.5 
8.6 
8.0 
2.8 


June. 


2.6 
2.1 
2.0 
1.9 
1.8 
1.6 
1.3 
1.2 
1.8 
1.5 
2.0 
1.8 
1.8 
1.4 


July. 


1. 
1. 
2. 
8. 


6.0 
7.8 
5.5 
4.8 
8.6 
8.5 
4.8 
6.5 
5.0 
4.6 
8.4 
2.6 


2.0 

1.8 

1.5 

1.6 

1.0 

1.1 

.7 

.6 

.7 

.6 

.4 

.8 

.4 

.8 

.2 

1.6 

1.4 

.7 

.3 

.2 

.1 

.0 

.0 

.0 

.0 

.6 

1.0 

1.2 

4.6 

3.0 

2.8 


Aug. 


1.7 
1.8 
1.6 
1.8 
.7 
.6 
.5 
.2 
.1 
.0 
.0 
.0 
.6 
.0 
.1 
.8 
1.8 
.6 
1.0 
.7 
.6 
.4 
.2 
.1 
.0 
.1 
.2 
.0 
.0 
.4 
.6 


Sept 

Oct. 

Nov. 

0.8 

-0.2 

-0.3 

.4 

-  .2 

—  .2 

.8 

—  .2 

-  .8 

.2 

-  .2 

1.7 

.0 

—  .2 

3.4 

.0 

—  .1 

4.5 

.0 

-  .2 

6.1 

.1 

—  .2 

8.8 

—  .1 

1.2 

8.4 

—  .1 

.5 

2.0 

—  .1 

.4 

1.6 

-  .2 

.8 

1.4 

-  .2 

.4 

1.3 

—  .2 

.2 

1.0 

—  .2 

.1 

.6 

—  .2 

.0 

.4 

—  .2 

.0 

.6 

.5 

.0 

.4 

1.0 

.0 

.2 

.4 

.0 

.7 

.2 

—  .1 

.4 

.0 

—  .1 

.2 

.0 

—  .1 

.1 

.0 

—  .2 

.8 

•  A 

—  .2 

.4 

-  1 

-  .1 

.6 

'  "  ^     •  & 

.1 

.4 

"  '■■    •  A 

.1 

.8 

^^^    •  A 

-  .2 

1.8 

^^^    ■  A 

.3 
-  .3 

1.2 

Dec. 


0.8 

.7 

.6 

1.8 

1.2 

1.6 

3.7 

3.0 

2.1 

1.0 

1.7 

1.5 

1.2 

.9 

.8 

.7 

.6 

1.1 

.7 

.6 

1.2 

2.1 

3.7 

4.6 

4.0 

2.8 

2.6 

2.2 

2.0 

2.5 

3.2 


NEUSE   RIVER  AT  SEL.MA,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  111. 
The  maximum  flood  of  which  there  is  any  record  was  on  February  9, 
1899,  when  the  water  reached  a  height  of  21  feet  on  the  gage,  with  a 
probable  discharge  of  12,000  second-feet.  The  minimum  flow  occurred 
during  the  very  severe  drought  of  1897,  the  lowest  gage  height  being 
—0.4  footj  on  October  17  and  18,  and  the  discharge  75  second-feet, 
making  the  maximum  flow  about  160  times  the  minimum  flow.  The 
drainage  area  above  the  station  is  1,175  square  miles.  Records  of 
flow  during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  lY,  page  114.  During  1900  the  following  measurements  were 
made  by  E.  W.  Myers : 

February  8:  Qage  height,  8.40  feet;  discharge,  1,117  aeoond-feet. 
April  12:  Qage  height,  3.80  feet;  discharge,  1,076  second-feet. 
April  34:  Gage  height,  17.05  feet;  discharge,  9,027  second-^feet. 
May  17:  Gage  height,  1.70  feet;  discharge,  461  second-feet. 
Jane  27:  Gage  height,  8.00  feet;  discharge,  590  second-feet. 
Angnst  10:  Gkige  height,  0.61  foot;  discharge,  189  second-feet. 
November  6:  Gage  height,  4.60  feet;  discharge,  1,278  second-feet. 
November  22:  Gkige  height,  0.90  foot;  discharge,  248  second-feet 
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Daily  gage  height,  in  feet,  of  Neuse  River  at  Sdtna,  North  Carolifui,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

Dea 

1  ..' 

1.4 
1.9 
2.1 
1.5 
1.4 
1.2 
1.0 
1.1 
2.1 
8.0 
5.9 
9.7 
10.5 
11.2 
9.6 
7.7 
8.5 
8.2 
2.8 
4.2 
6.5 
5.5 
4.2 
8.5 
8.3 
8.1 
2.8 
2.8 
2.2 
2.0 
1.9 

1.8 

1.7 

1.5 

2.0 

2.5 

8.1 

8.0 

8.0 

8.8 

3.8 

7.6 

9.8 

14.6 

17.0 

17.8 

17.0 

16.0 

12.4 

8.6 

4.0 

5.0 

6.4 

8.5 

12.1 

10.2 

8.6 

6.8 

5.1 

V    «   W  •  W  M     • 

8.7 
12.5 
12.8 
18.1 
8.4 
7.0 
6.4 
7.2 
8.4 
9.6 
9.0 
8.4 
7.0 
5.6 
4.0 
7.8 
10.0 
8.7 
6.9 
5.1 
4.8 
4.3 
8.0 
8.7 
3.7 
4.7 
4.9 
4.7 
4.5 
4.3 
4.0 

3.8 

3.6 

8.5 

8.6 

8.4 

8.4 

8.8 

8.8 

3.2 

8.0 

5.8 

7.8 

11.2 

8.1 

4.5 

6.9 

8.2 

10.4 

11.0 

12.8 

14.5 

17.2 

18.2 

17.0 

13.8 

8.6 

4.7 

8.8 

8.4 

8.8 

6.8 
6.8 
4.6 
8.8 
8.2 
8.1 
2.8 
2.6 
8.4 
4.0 
8.0 
2.2 
2.1 
2.0 
1.8 
1.7 
1.8 
8.0 
8.0 
7.2 
5.6 
3.4 
2.0 
2.6 
8.8 
2.8 
2.5 
2.2 
2.0 
1.9 
1.7 

1.5 
1.5 
1.4 
1.8 
1.2 
1.2 
1.3 
1.4 
1.6 
1.7 
1.6 
1.5 
1.4 
1.4 
1.8 
1.7 
1.8 
1.8 
2.0 
2.1 
1.7 
2.8 
4.6 
5.1 
6.1 
5.7 
4.3 
3.2 
2.7 
8.7 

4.7 

8.2 

2.0 

1.8 

1.5 

1.4 

1.3 

1.8 

1.2 

1.1 

1.0 

.8 

1.0 

1.4 

1.2 

1.1 

1.0 

.9 

•.8 

.7 

.6 

.8 

1.8 

8.6 

5.3 

8.4 

12.0 

7.8 

4.2 

2.9 

2.« 

2.0 

1.8 

1.6 

1.3 

1.2 

1.0 

.9 

.9 

.8 

.7 

.6 

.6 

.5 

.6 

.4 

.8 

2.0 

2.4 

1.0 

.8 

.6 

.6 

•  .6 

.7 

.6 

.7 

I 

.0 

1.1 
4.0 
2.8 

1.8 

1.6 

1.0 

0.8 

.7 

.6 

.6 

.5 

.5 

.4 

.4 

.4 

.4 

.4 

1.5 

6.5 

8.8 

2.1 

1.0 

.9 

.8 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

0.7 
.7 
.7 
.6 
.6 
.4 
.8 
.3 
.3 
.4 
.5 
.6 
.7 
.7 
.7 
.8 
.8 
.7 
.6 

■i 

.4 
.4 
.5 
.6 
.8 
.2 
.1 
.1 
.1 
.1 

0.1 

.2 

1.4 

2.4 

4.2 

6.0 

8.1 

2.8 

1.7 

1.5 

1.4 

1.4 

1.8 

1.2 

1.2 

1.1 

1.0 

.9 

.9 

.9 

.8 

.8 

.8 

.8 

1.0 

2.0 

4.5 

8.2 

2.1 

1.6 

1.0 

2 

.9 

8 

1.0 

4 

1.4 

5 

4.3 

6 

7.1 

7 

5.2 

8 

9 

8.1 
2.6 

10 

2.0 

11 

1.8 

12 

1.7 

18 

1.6 

14 

1.2 

16 

8.0 

16 

1.6 

17 

1.5 

18 

1.3 

19 

1.2 

20 

1.0 

21 

2.2 

22 

8.4 

28 

5.2 

24 

8.8 

25 

2.7 

26 

2.2 

27 

1.8 

28 

1.6 

29 

1.0 

80 

2.0 

81 

4.8 

DEEP  RIVER  AT  CUMNOCK,  NORTH  CAROLINA. 

This  station  was  established  June  29,  1900,  by  E.  W.  Myers.  It  is 
300  yards  northwest  of  the  railroad  station  at  Cumnock.  The  wire 
gage,  which  is  gr^uated  to  feet  and  tenths,  is  nailed  to  the  guard 
rail  of  the  bridge.  The  water  surface  is  37.41  feet  below  the  top  of 
the  lower  chord  at  the  side  of  the  tension  rod  supporting  the  floor 
beam  opposite  the  gage.  The  initial  point  of  sounding  is  at  the  north- 
west end  of  the  bridge.  The  channel  is  straight  for  several  hundred 
feet  above  and  below  the  bridge,  but  the  current  is  rather  sluggish  dur- 
ing low  water.  The  bed  of  the  stream  is  muddy,  with  some  bowlders. 
The  observer  is  J.  A.  Rollins,  a  watchman  at  Cumnock.  During  1900 
the  following  measurements  were  made  by  E.  W.  Myers: 

June  29:  Gage  height,  8.00  feet;  discharge,  540  second-feet. 
Atignst  11:  Gage  height,  1.30  feet;  discharge,  112  second-feet. 
November  5:  Gkkge  height,  4.55  feet:  discharge,  1,118  second-feet. 
December  19:  Gkige  height,  1.70  feet;  discharge,  199  second-feet. 
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Daily  gage  height,  inff>eU  of  Deep  River  at  Cumnock,  North  Carolina,  for  19i>o, 


Day.        July 


1 

«» 

a* 

3 

4 

5 

6 

7 

8 

9 

lU 

11 

12 

13 

14 

15 

16 


Oct    Nov.:  Dec. 


1.32 
1.24 
1.39 
9.19 
5.43 
2.80 
2.26 
1.88 
1.83 
1.68 
1.60 
1.50 
1.40 
1.34 
1.33 
1.62 


1.58 
1.70 
2.94 
6.96 
9.99 
4.66 
3.17 
2.26 
2.13 
1.90 
1.72 
1.74 
1.85 
1.70 
1.50 
1.66 


1 

Day. 

July.  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

17 

18 

(a)   1.75 
(a)   1.20 
(a)   .85 
1.24  l.U 

4.40 
2.04 
1.92 
1.78 
1.67 
1.45 
1.43 
1.53 
1.55 
1.56 
1.51 
1.55 
1.60 
1.21 

1.95 
1.66 
1.57 
1.39 
1.34 
1.88 
1.48 
1.50 
1.36 
1.28 
1.34 
1.14 
1.30 
1.33 
1.40 

• 

1.60 
1.30 
1.80 
1.72 
1.71 
1.80 
1.39 
1.44 
1.28 
1.82 
1.86 
1.55 
1.45 
1.80 

1.68 
1.38 

19 

1.75 

20 

1.70 

21 

.72 

.96 

1.25 

1.10 
1.12 
1.45 

5.77 

22 

8.23 

23 

4.63 

24 

1.88  2.84 
1.54  1.76 
1.50  1.46 
4.27  1.41 
3..«  1.34 
2.35  1.25 

8.31 

25 

3.10 

26 

2.95 

27... 

2.88 

28 

2.24 

29 

2.23 

30 

31 

1.90 
1.54 

2.85 
2.59 

2.35 
9.22 

a  No  record. 


CAPE  FEAR  RIVER  AT  FAYETTEVILLE,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  115. 
The  maximum  flood  of  which  there  is  any  record  occurred  on  January 
12,  1895,  when  the  river  reached  a  height  of  58  feet  on  the  gage,  and 
the  discharge  was  at  the  rate  of  about  91,000  cubic  feet  per  second. 
The  lowest  stage  of  flow  was  on  October  8  and  9,  1897,  when  the  gage 
height  was  0.2  foot  and  the  discharge  340  second-feet.  The  maximum 
discharge  is  therefore  about  270  times  the  minimum  flow.  The  drain- 
age area  above  the  station  is  44.93  square  miles. 

Moncure  station  on  Haw  River  was  abandoned  January  1, 1900.  A 
measurement  was  made  on  .June  28,  however,  when  the  gage  read  2.68 
feet;  the  area  of  the  section  was  611  square  feet,  the  mean  velocity 
1.25  feet  per  second,  and  the  discharge  769  second-feet.  Discharge 
measurements  for  1898  and  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  115. 

Moncure  station  on  Deep  River  was  also  abandoned  January  1, 
1900.  Measurement  was  made  on  June  27,  when  the  gage  read  3.67 
feet;  the  area  of  section  was  600  square  feet,  the  mean  velocity  1.14 
feet  per  second,  and  the  discharge  687  second-feet.  Measurements 
for  1898  and  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  117. 

Records  of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual 
Reijort,  Part  IV,  page  119.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers: 

February  9:  Gkige  height,  6.90  feet;  discharge,  3,748  second-feet. 
April  12:  Gage  height,  6.10  feet;  discharge,  2,686  second-feet. 
April  25:  Gage  height,  25.80  feet;  discharge,  13,479  second-feet. 
May  17:  Gage  height,  8.80  feet;  discharge,  1,596  second-feet. 
Jane  29:  Gkige  height,  5.80  feet;  discharge,  2,331  second-feet. 
Angnst  11:  Gage  height,  0.70  foot:  discharge,  415  second-feet. 
November  3:  Gage  height,  0.75  foot;  discharge,  416  second-feet. 
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Daily  gage  height ^  in  feet ^  of  Cape  Fear  River  at  Fayettetnlle,  North  Carolina,  for 

1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

8.2 
3.2 
3.0 
2.8 
2.8 
2.7 
2.7 
2.6 
8.5 
3.9 
4.2 
4.2 
3.0 
2.6 
2.6 
3.0 
2.7 
6.6 
14.0 
8.0 
6.7 
4.4 
4.0 
12.0 
17.4 
16.0 
18.7 
8.0 
5.5 
5.0 

July. 

Aug. 

2.6 

2.8 

2.2 

1.8 

1.8 

1.4 

1.4 

1.2 

.9 

.8 

.7 

.7 

.7 

.7 

.8 

.6 

.5 

4.5 

8.9 

2.8 

2.4 

1.7 

1.6 

8.5 

2.2 

2.3 

1.7 

1.2 

.9 

.9 

1.1 

Sept. 

Oct. 

Nov. 

Dec 

1 

6.0 

4.9 

4.» 

4.4 

4.2 

4.4 

4.2 

4.1 

8.9 

3.9 

4.8 

9.0 

21.8 

21.0 

17.8 

•  12.0 

9.1 

7.5 

6.5 

7.7 

12.5 

14.0 

11.7 

8.0 

7.1 

6.5 

6.1 

5.6 

5.7 

5.5 

5.8 

5.2 
5.0 
4.6 
4.4 
5.3 

4.6 

10.0 

8.0 

6.4 

7.0 

10.0 

20.8 

26.7 

86.0 

85.8 

30.0 

24.7 

18.4 

13.7 

9.0 

8.2 

9.1 

23.0 

23.0 

17.6 

21.0 

19.0 

14.1 

12.0 

27.0 

38.7 

29.0 

22.3 

15.0 

11.7 

9.7 

10.0 

23.0 

19.0 

17.2 

14.3 

10.4 

8.7 

9.8 

19.0 

19.0 

15.0 

12.4 

10.0 

9.4 

8.5 

7.6 

7.0 

9.8 

14.0 

14.0 

11.6 

9.8 

9.6 

9.0 

7.7 

6.9 

6.7 

9.1 

10.0 

9.2 

6.7 

6.0 

5.8 

5.8 

5.6 

18.0 

18.0 

14.4 

10.2 

7.0 

6.0 

6.0 

38.0 

44.0 

44.0 

88.0 

33.0 

26.0 

22.0 

17.0 

12.2 

10.0 

8.3 

.  8.3 
9.7 
7.3 
6.9 
6.4 
5.6 
6.8 
6.0 
5.0 
4.9 
5.5 
6.5 
6.0 
4.7 
4.0 
3.8 
8.8 
3.6 
8.0 
18.0 
14.0 
10.4 
-7.0 
5.4 
5.7 
5.5 
6.5 
5.0 
4.5 
4.0 
3.7 

6.0 
4.3 
4.0 
3.6 
3.1 
3.6 
3.1 
3.1 
2.6 
2.2 
1.8 
1.6 
1.4 
1.8 
5.0 
3.0 
2.5 
2.0 
1.7 
1.5 
1.3 
1.1 
1.0 
.9 
3.5 
3.8 
4.5 
12.0 
9.0 
5.8 
4.6 

5.0 

4.5 

3.8 

2.5 

1.8 

1.2 

.8 

.7 

.6 

.4 

.6 

.6 

.3 

.4 

.5 

2.1 

10.4 

8.4 

4.6 

8.2 

2.1 

1.7 

1.4 

1.3 

1.0 

.9 

.8 

1.8 

1.0 

1.1 

0.9 

.8 

.7 

.6 

.9 

1.2 

1.0 

.8 

.7 

.7 

.9 

.8 

1.8 

1.6 

1.8 

1.4 

2.9 

2.7 

1.9 

1.6 

1.2 

1.0 

.9 

.8 

.8 

.7 

.7 

.8 

.6 

.7 

.7 

0.6 

•g 

.  t 

2.5 
12.5 
10.5 
7.0 
5.2 
4.0 
8.4 
2.9 
2.5 
2.4 
2.0 
1.9 
2.0 
1.8 
1.5 
1.8 
1.1 
1.0 
1.1 
1.1 
1.1 
1.1 
1.5 
1.5 
2.5 
8.2 
8.1 

28 

2 

2.2 

8 

2.1 

4 

2.3 

5 

14.0 

6 

16.0 

7 

9.2 

8 

8.4 

9 

6.5 

10   

4.8 

11 

4.0 

12 

8.5 

18 

8.4 

14 

8.3 

16 

8.3 

16 

8.4 

17 

8.1 

18 

8.0 

19 

20 

8.0 
8.6 

a 

4.0 

22 

12.8 

23 

16.0 

24 

11.4 

25 

9.8 

26 

7.0 

27 

5.6 

28 

4.4 

29 

ao 

4.0 
4.4 

81 

6.2 

YADKIN  RIVBR  AT  SILOAM,   NORTH  CAROLINA. 

On  August  2,  1900,  a  temporary  station  was  established  on  Tadkin 
River  at  Siloam,  North  Carolina,  by  Cleveland  Abbe,  jr.,  and  N.  C. 
Curtis.  Many  miscellaneous  measurements  were  also  made  on  the 
upper  tributaries  of  the  Yadkin  in  connection  with  the  general  hydro- 
graphic  study  of  the  southern  Appalachian  region,  records  of  which 
will  be  found  in  Water-Supply  Paper  No.  49. 

The  gaging  station  at  Siloam  is  located  on  the  north  bank  of  the 
river,  in  a  clump  ot  overhanging  trees,  50  yards  above  Hall's  ferry 
and  one-third  of  a  mile  south  of  the  Siloam  station,  on  the  Wilkesboro 
division  of  the  Southern  Railroad.  The  gage  rod,  which  is  graduated 
to  feet  and  tenths,  is  securely  braced  in  a  clump  of  trees.  The  gage  is 
referred  to  a  bench  mark  on  the  south  bank  in  a  clump  of  three  syca- 
mores at  the  water's  edge,  25  feet  above  the  ferrj'  landing.  A  notch 
cut  on  the  outermost  tree  is  8  feet  from  the  root,  and  the  bench  mark 
is  the  top  of  the  knot  opposite  this  notch.  The  reading  of  the  gage 
on  August  2,  1900,  was  2.7  feet,  equal  to  9.6  feet  on  the  old  gage, 
referred  to  the  bench  mark  across  the  river,  measuring  to  the  surface 
of  the  water.  The  river  is  said  to  rise  not  more  than  9  feet  in  ordi- 
nary freshets,  but  in  1898,  as  shown  by  flood  marks  and  according  to 
verbal  accounts,  it  must  have  risen  to  about  16  feet  on  the  present 
gage.  The  initial  point  of  sounding  is  on  the  right  bank,  at  the 
outer  edge  of  the  first  stake  on  the  upstream  side  of  the  rod.  The 
banks  are  high  and  rarely  are  submerged.    The  bed  of  the  stream  is 
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gravel  and  sand,  slightly  shifting.  The  drainage  area  of  the  river  at 
this  station  is  1,219  square  miles.  The  observer  is  C.  E.  Scott,  of 
Siloam.  Daring  1900  the  following  measurements  were  made  by 
N,  C.  Curtis: 

Jtdy  11:  Gktge  height,  2.9  feet;  discharge,  1,867  second- feet. 
Angnst  3:  Gkige  height,  3.6  feet;  discharge,  1,218  seoond-feet. 
October  31:  Gage  height,  3.1  feet;  discharge,  1,469  seoond-feet. 

Daily  gage  height,  in  feet,  of  Yadkin  River  at  Siloam,  North  Carolina,  for  1900, 


Day 

AUR. 

Aapt. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.20 
(a) 

Oct. 

2.10 
2.10 
2.20 
2.20 
2.80 
2.80 
2.80 
2.40 
2.80 
2.80 
2.80 
2.80 
2.00 
2.40 
2.30 
2.80 

Nov. 

Dec 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I 

2.60 
2.50 
2.80 
2.00 
2.40 
2.40 
2.40 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 

2.00 
2.00 
2.70 
2.70 
2.00 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

17 

2.10 
2.10 
2.10 
2.10 
2.60 
8.05 
2.85 
8.00 
2.00 
2.75 
2.  TO 
2.00 
2.00 
2.00 
2.00 

(a) 
(a) 

\^) 

r\ 

(a) 
(a) 

(«) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

2.80 
2.80 
2.80 
2.80 
2.80 
2.60 
8.10 
11.20 
4.50 
3.00 
3.40 
8.20 
2.60 
2.60 
2.60 

2.50 

2.60 

2.50 

2.50 

2.00 

2.60 

2.50 

2.60 

2.80 

11.80 

10.80 

10.60 

9.00 

2.80 

2.60 

2 

18 

2.60 

3 

2.10 
2.05 
2.00 
1.95 
1.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.85 
2.05 
2.10 
2.10 

19 

2.60 

4 

5 

20 

1  21 

2.60 
2.70 

« 

22 

2.70 

7 

28 

2.70 

8 

24 

2.70 

9 

25 

2.60 

10 

26 

2.60 

11 

27 

2.70 

12 

28 

2.76 

18 

29 

80 

2.70 

14 

3.10 

15 

81 

8.20 

16 

1 

aNo  record. 
YADKIN  MVKR  AT  SALISBURY,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  116. 
Owing  to  the  inconvenient  location  of  the  railroad  bridge  from  which 
the  measurements  were  made  and  its  height  above  the  water,  the 
gaging  station  was  moved  June  1, 1899,  to  the  new  iron  highway  bridge 
about  300  yards  above  the  railroad  bridge,  the  new  gage  reading  the 
same  as  the  old.  In  its  new  position  the  10-foot  mark  on  the  rod  is 
opposite  the  center  of  the  first  strut  from  the  west  end  of  the  second 
sx>an  from  the  west  end  of  the  bridge,  on  the  downsti'eam  side.  The 
rod  is  of  pine,  3  inches  wide,  well  painted,  graduated  to  feet  and  tenths, 
and  securely  nailed  to  the  inner  surface  of  the  guard  rail,  the  top  of 
the  rod  being  flush  with  the  top  of  the  rail.  The  distance  between  the 
zero  of  the  rod  and  the  outer  rim  of  the  puUey  is  2.13  feet,  and  between 
the  end  of  the  weight  and  the  pointer  on  the  wire  26.75  feet.  The 
observer  is  J.  T.  Yarbrough,  keeper  of  the  bridge.  The  stream  here 
is  about  the  same  width  as  at  the  railroad  bridge,  and  the  section  is  a 
fairly  good  one  for  gaging  purposes,  the  bottom  for  the  greater  part  of 
the  width  of  the  stream  being  hard  and  rocky.  At  times  the  current 
is  very  materially  modified  by  large  quantities  of  driftwood  lodging 
against  the  piers,  but  it  is  thought  better  results  can  be  obtained  than 
at  the  old  station.  Although  this  stream  is  subject  to  periods  of  com- 
paratively low  flow,  the  minimum  run-off  is  large.  The  lowest  recorded 
flow  was  900  second-feet,  occurring  in  September  and  October,  1897. 
The  highest  flood  of  which  there  is  any  record  occurred  on  March  20, 
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1899,  the  gage  height  being  18.80  feet  and  the  measured  discharge 
115,000  cubic  feet  per  second,  showing  the  maximum  discharge  to  be 
nearly  128  times  the  minimum  discharge. 

Records  of  flow  during  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  120.  During  1900  the  following  meas- 
urements were  made  by  E.  W.  Myers: 

February  18:  Gage  height,  7.48  feet;  discharge,  26,682  second-feet. 
April  14:  Gage  height,  2.50  feet;  discharge,  3,962  second-feet. 
May  19:  Gage  height,  2.45  feet;  discharge,  4,042  second-feet. 
May  25:  Gage  lieight,  8.82  feet;  discbarge,  7,930  second-feet. 
August  18:  Gage  height,  1.95  feet;  discharge,  1,447  second  feet. 
November  9:  Gage  beigbt,  2.30  feet;  discbarge,  2,095  second-feet 
December  17:  Gage  height,  2.45  feet;  discbarge,  8,025  second-feet. 

Daily  gage  height,  in  feet,  of  Yadkin  River  at  Salisbury,  North  Carolina,  for  1900. 


1 

Day. 

Jan. 

Feb. 

1.50 
1.50 
1.50 
1.70 
2.80 
2.70 
2.50 
2.30 
2.30 
2.90 
3.90 
4.10 
6.00 
9.10 
6.00 
4.10 
3.20 
2.80 
2.40 
2.30 
2.40 
5.60 
6.30 
4.30 
3.80 
3.50 
2.90 
2.90 

Mar. 

4.60 
9.50 
6.90 
4.40 
3.50 
8.00 
2.90 
2.90 
4.80 
4.40 
4.20 
3.50 
3.80 
3.00 
2.70 
4.50 
6.10 
4.60 
4.60 
8.70 
4.60 
3.80 
8.20 
8.00 
2.80 
8.90 
3.80 
8.40 
8.00 
2.90 
2.80 

Apr. 

May. 

Jane. 

2.37 
2.40 
2.80 
2.60 
2.60 
2.41 
2.44 
2.87 
2.55 
2.55 
2.40 
2.30 
2.80 
2.70 
2.85 
2.66 
4.78 
4.54 
4.62 
8.47 
2.95 
2.65 
3.67 
7.00 
4.68 
4.40 
4.35 
8.45 
8.55 
8.60 

July. : 

Aug. 

Sept. 

Oct. 

Nov. 

2.80 
2.80 
2.80 
2.70 
8.06 
2.76 
2.40 
2.30 
2.30 
2.30 
2.25 
2.80 
2.20 
2.20 
2.15 
2.15 
2.15 
2.15 
2.15 
2.20 
2.35 
2.80 
2.26 
2.20 
2.20 
4.08 
7.85 
3.90 
3.20 
2.80 

Dea 

I 

2 

1.50 
1.50 
1.00 

i.eu 

1.60 
1.60 
2.00 
2.10 
2.20 
2.30 
2.50 
4.30 

2.00 
2.60 
2.50 
2.60 
2.50 
2.40 
2.80 
2.30 
2.80 
2.20 
2.20 
2.50 
2.70 
2.60 
2.00 
2.40 
2.80 
2.80 
9.95 
10.60 
6.00 
7.00 
6.70 
4.50 
3.90 
3.50 
3.80 
8.10 
2.90 
2.70 

2.70 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.80 
2.40 
2.40 
2.30 
2.80 
2.30 
2.30 
2.10 
2.10 
2.10 
2.40 
2.50 
2.40 
2.30 
2.10 
2.10 
2.10 
4.00 
3.20 
2.70 
2.80 
2.80 
2.10 
2.10 

2.90  ' 

2.78 

2.55 

2.50 

2.45 

2.50 

2.80 

2.40 

2.35 

2.35 

2.25 

2.25 

2.25 

2.50 

2.40 

2.22 

2.15 

2.00 

1.90 

2.00 

2.00 

2.45 

2.80 

2.66 

2.65 

2.55 

3.30 

3.05 

2.55 

2.30 

2.20 

2.36 
2.20 
2.10 
2.10 
2.20 
1.95 
1.96 
1.96 
1.95 
1.96 
1.90 
1.86 
1.85 
1.80 
2.00 
1.85 
1.90 
2.00 
1.90 
1.85 
1.85 
1.90 
2.60 
3.05 
2.25 
2.81) 
2.10 
2.00 
1.90 
1.90 
2.06 

2.10 
1.90 
1.90 
1.90 
1.90 
1.85 
1.80 
1.75 
1.75 
1.70 
1.86 
1.70 
1.66 
1.66 
1.65 
4.10 
4.96 
2.80 
2.20 
2.00 
2.00 
2.00 
2.25 
2.10 
2.00 
1.90 
J. 90 
1.90 
1.90 
1.75 

2.60 
2.10 
1.90 
1.90 
2.00 
2.2U 
2.10 
2.10 
2.30 
2.60 
2.20 
2.06 
2.05 
2.10 
2.05 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
2.00 
2.00 
4.56 
6.81 
3.45 
2.90 
2.60 
2.50 
2.80 
2.86 

2.70 
2.60 

3 

2.50 

4 

8.00 

5 

6.63 

6 

4.80 

7 

3.56 

8 

9 

a  10 
2.80 

10 

2.65 

11 

2.50 

12..  

13 

2.50 
2..1O 

14 

3.90 
8.00 
2.50 
2.30 
2.30 
2.30 
4.90 
5.50 
4.90 
8.00 
2.60 
2.40 
2.90 
2.30 
2.20 
2.20 
2.00 
1.00 

2.50 

15 

2.45 

16 

2.47 

17 

2.40 

18 

2.36 

19     

2.40 

20 

2.40 

21 

2.70 

22 

3.30 

23 

3.30 

24 

a30 

25 

3.20 

2B 

2.90 

27 

2.70 

28 

2.60 

29 

2.55 

ao 

2.66 

31 

8.25 

YADKIN  RIVER  AT  NORWOOD,  NORTH  CAROLINA. 

This  station  was  abandoned  January  1,  1900,  and  no  measurements 
have  been  made  since  that  date.  A  description  of  the  station  and 
records  of  discharge  measurements  will  be  found  in  Water-Supply 
Paper  No.  36,  page  118;  also  in  the  Twenty- first  Annual  Report,  Part. 
IV,  page  121. 

CATAWBA  RIVER  NEAR  MORGANTON,  NORTH   CAROLINA. 

During  the  summer  of  1900  a  hydrographic  investigation  was  made 
of  the  southern  Appalachian  region.  For  the  purpose  of  the  study, 
temporary  stations  were  established  on  C'atawba  River  near  Morganton, 
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on  John  River  near  Morganton,  and  on  Linville  River  near  Bridge- 
water.  Many  miscellaneous  measurements  were  also  made  on  the 
headwaters  of  the  Catawba  and  its  tribut^iries,  as  well  as  of  other 
streams,  records  of  which  will  be  found  in  Water-Supply  Paper  No.  49. 
The  Morganton  station  was  established  June  19,  1900,  at  the  high- 
way bridge  near  Morganton,  on  the  road  from  Morganton  to  Hart- 
land.  The  wire  gage  is  suspended  from  the  bridge,  and  is  read  on  a 
horizontal  scale  graduated  to  feet  and  tenths  and  nailed  on  the  guard 
rail.  The  river  is  straight  for  a  distance  of  200  feet  above  and  below 
the  station.  The  banks  are  high  and  have  never  overflowed.  The 
highest  flood  of  the  Catawba  rose  to  the  floor  of  the  bridge  at  this  sta- 
tion, a  height  of  about  28  feet.  The  bed  is  silt  and  mud  and  shifts 
slightly  during  floods.  The  drainage  area  is  757.8  square  miles. 
Upper  Creek  flows  into  the  Catawba  about  200  feet  above  the  station. 
The  observer  is  J.  W.  Kincaid,  a  farmer  living  about  200  yards  from 
the  station.     During  1900  the  following  measurements  were  made: 

Jxme  13:  Gk^^  height,  1.33  feet;  discharge,  1,303  second- feet. 
June  18:  Gage  height,  2.50  feet;  discharge,  4,030  second-feet. 
Jnly  6:  Gage  height,  1.80  feet;  discharge,  1,164  second-feet. 
Angnst  8:  Qage  height,  0.60  foot;  discharge,  558  second-feet. 
September  34:  Gkige  height,  0.50  foot;  discharge,  525  second-feet. 
November  7:  Gkige  height,  1.50  feet;  discharge,  1,874  second- feet. 


Daily  gage  height,  in  feet^  of  Catav^Ki  River  near  Morganton,  North  Carolina, 

for  1900, 


Dsy. 

June. 

July. 

Ang. 

Sept. 

0.60 
.55 
.60 
.53 
.55 
.60- 
.45 
.50 
.45 
.45 
.33 
.35 
.33 
1.55 
2.50 
2.15 
1.25 
1.15 
.80 
.68 
.63 
.43 
.55 
.53 
.56 
.53 
.63 
.48 
.55 
.53 

Oct. 

Nov. 

1.25 
1.25 
2.70 
1.70 
1.45 
1.70 
1.55 
1.26 
1.35 
1.20 
1.20 
1.20 
1.10 
1.25 
1.26 
1.25 
1.26 
1.00 
1.60 
1.25 
1.00 
1.60 
.95 
1.50 
1.90 
4.30 
3.20 
2.30 
1.60 
1.52 

i^W\^« 

1 

1.58 

1.78 

1.00 

1.48 

1.43 

1.30 

1.23 

1.20 

1.10 

1.50 

1.00 

1.00 

1.25 

1.00 

.95 

.90 

.87 

.87 

.83 

.85 

.87 

.83 

.80 

.98 

1.23 

1.25 

2.63 

1.05 

1.10 

1.45 

1.43 

0.97 
.83 
.78 
.75 
.75 
.70 
.70 
.65 
.63 
.60 
.58 
.57 
.65 
.65 
.68 
.55 
.63 
.63 
.53 
.45 
.45 
.65 
.73 
.58 
.80 
.60 
.63 
.53 
.55 
.60 
.55 

0.60 

.50 

.58 

1  00 

1.20 

1.10 

.80 

.85 

.80 

.75 

.65 

.60 

.55 

.58 

.53 

.53 

.58 

.53 

.53 

.53 

.50 

.50 

8.55 

6.48 

4.15 

2.95 

1.80 

1.60 

1.60 

1.40 

1.35 

1.85 

2 

1.25 

3 

1.65 

4 

2.40 

5 

2.30 

6 

1.97 

7.-.._« . .. .. . 

1.60 

8 

1.45 

9 

1.60 

10 

1.40 

11 

1.25 

12 

1.20 

L3 

1.10 

U 

1.05 

15 

16 

17 

18 

19 

2.60 
1.60 
1.60 
3.37 
3.05 
3.87 
3.60 
3.00 
2.30 
2.28 
1.05 
1.70 

20 

21 

<»4 

23  

24 

25 

3B 

27 

28 

20 

30 

31 
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LINVILLB  RIVER  NEAR  BRIDGEWATER,  NORTH  CAROLINA. 

This  station,  one  of  the  temi)orary  stations  established  in  connec- 
tion with  the  hydrographic  investigations  of  the  southern  Appalachian 
region,  was  established  July  3,  1900.  It  is  located  at  Poole's  mill,  just 
above  the  ford  on  the  road  between  Morganton  and  Marion.  The 
gage  is  near  the  tailrace  of  the  mill,  and  the  gagings  are  made  about 
200  feet  farther  down.  The  bed  is  extremely  rough  and  rocky,  the 
current  being  swift  during  high  water.  There  are  no  bridges  across 
this  stream,  and  high-water  measurements  are  therefore  difficult  to 
obtain.  I'he  bench  mark  is  a  cross  cut  on  the  rocky  cliff  on  the  left 
bank  of  the  stream.  The  initial  point  of  sounding  is  at  the  end  of  a 
log  sunk  in  the  sandy  right  bank.  The  drainage  area  at  this  station 
is  86.2  square  miles.  The  observer  is  J.  A.  Cooper,  miller.  The  fol- 
lowing measurements  were  made  during  1900: 

June  14:  Gage  height,  9.92  feet;  discharge,  104  aeoond-feet. 
July  8:  Gage  height,  9.54  feet;  discharge,  316  second-feet. 
Jnly  10:  Gage  height,  9.90  feet;  discharge,  116  second-feet 
Augnst  17:  Gage  height,  10.15  feet;  discharge,  78  second-feet. 
September  21:  Gage  height,  9.8  feet;  discharge,  55  second-feet. 

Daily  gage  height,  in  feet,  of  LinviUe  River  near  Bridgewater,  North  Carolina, 

for  1900. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1 

9.83 

9.92 

9.88 

9.83 

9.9S 

10.08 

10.00 

10.08 

10.06 

10.06 

10.08 

10.08 

10.08 

10.18 

10.08 

10.06 

10.17 
10.17 
10.21 
10.21 
10.25 
10.25 
10.25 
10.29 
10.29 
10.29 
10.29 
10.33 
10.38 
10.29 
10.21 
7.60 

9.76 
9.67 
9.68 
9.60 
9. 68 
9.68 
9.68 
9.68 
9.68 
9.68 
9.58 
9.60 
9.64 
9.64 

17 

9.83 
9.88 
10.04 
10.00 
9.76 
9.92 
9.92 
9.92 
9.83 
9.92 
9.75 
9.75 
9.92 
9.83 
9.92 

10.18 
10.18 
10.08 
10.08 
10.18 
10.17 
10.17 
10.17 
10.21 
10.17 
10.21 
10.21 
10.21 
10.21 
10.21 

9.67 

9.67 

10.00 

10.00 

9.92 

9.92 

9.92 

9.92 

10.00 

10.08 

10.06 

10.18 

9.75 

9.75 

2 

18 

8 

9.64 

9.46 

9.68 

9.64 

9.63 

9.68 

9.71 

9.68' 

9.63 

9.67 

9.68 

9.67 

9.71 

9.67 

19 

4 

20 

5 

21 

6 

22 

7 

28 

8 

24 

9 

25 

10 

26 

11 

27 

12 

28 

18 

29 

U 

30 

16 

81 

16 

JOHN  RIVER  NEAR  MORGANTON,  NORTH   CAROLINA. 

This  Station  was  established  June  17,  1900,  by  H.  A.  Pressey  and 
E.  W.  Myers,  at  the  highway  bridge  on  the  road  from  Morganton  to 
Lenoir.  A  wire  gage  is  suspended  from  the  bridge,  and  the  readings 
are  made  on  a  gage  rod  nailed  to  the  guard  rail  on  the  downstream 
side  of  the  bridge.  The  river  channel  is  straight  for  200  feet  above 
and  300  feet  below  the  Station.  The  banks  are  high  and  the  bed  is 
rocky  and  permanent  in  section.  The  drainage  area  at  this  station 
is  212.8  square  miles.     The  observer  is  W.  A.  Clontz,  a  farmer  living 
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about  a  third  of  a  mile  from  the  bridge.     The  following  measurements 
were  made  during  1900: 

Jnne  13:  Gage  height,  2.64  feet;  discharge,  465  second-feet 
Jime  10:  Gage  height,  3.50  feet;  discharge,  1,202  aecond-feet. 
July  6:  G^age  height,  2.63  feet;  discharge,  511  second-feet. 
Angnst  8:  Gage  height,  1.90  feet;  discharge,  135  second-feet. 
Septemher  24:  Gage  height,  1.90  feet;  discharge,  148  second-feet. 
Koyemher  7:  Gage  height,  2.32  feet;  discharge,  867  second -feet. 

Daily  gage  height^  in  feet,  of  John  River  near  Morganton,  North  Carolina^for  1900. 


Day. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 

2.10 
2.08 
2.00 
2.15 
1 .90 

■"'L'to 

1.70 
1.70 
1.70 
1.80 
2.90 

"2.20 
2.08 
1.95 
1.90 
1.90 
1.90 

1.80 
1.83 
1.98 
2.48 
2.88 
2.28 
2.10 
2.08 
1.98 
1.90 
1.90 
1.95 
1.90 

"l.W 
1.88 
1.88 
1.78 
1.73 
1.78 

"i.88' 
14.72 
5.80 
a45 
2.06 
2.70 

2.30 
2.30 

2.30 
2.30 
2.50 

"""2.80* 
2.85 
2.85 
2.30 
2.25 
2.25 

2.20 
2.20 
2.15 
2.15 
2.10 
2.06 

""2.*i2' 
2.15 
2.12 

2.10 
2.06 
2.06 

'■"4.'55* 
3.00 
2.65 
2.52 
2.42 

2.32 

2 

2.60 
2.55 

2.58 
2.70 

3 

2.32 

4 

3.38 

5 

3.20 

6 

2.58  I      1.88 
2.46        1-flB 

2.85 

7 

2.67 

8 

1.90 
1.90 

2.62 

9 

2.38 

10 

2.30        1.90 

2.25  1.90 

2.26    

2.60 

11 

2.35 

12 

.    2.32 

13 

2.30 
2.25 

1.98 
1.88 

2.35 

U 

2.30 
2.28 

""2.'26 
2.20 
2.18 
2.22 
3.08 
2.92 

15 

1.93 
1.93 

16 

2.15 

17 

2.13        1.93 
2.10        1.93 
2.10       (o) 
2.15   

18 

19 

3.60 
3.25 
2.80 
3.28 
3.20 

20 

21 

2.45 

22 

23 

2.16" 

2.28 

2:35 

24 

1.90 

i.an 

1.83 
1.83 
1.80 
1.83 

2.78 

25 

3.75 
8.58 
8.23 
3.20 
2.95 
2.86 

2.68 

26 

2.30   

2.28    

2.48 

27 

2.88 

28 

2.20 

2.32 

29 

2.28 

ao 

2.20 

31 

2.13 



2.90 

a  No  record  from  August  19  to  September  9,  inclnsiye. 
CATAWBA  RIVER  AT  CATAWBA,  NORTH  CAROLINA. 

This  station  was  originally  established  in  July,  1896,  but  was  aban- 
doned December  31,  1899.  On  June  13,  1900,  it  was  reestablished  as 
a  temporary  station  to  assist  in  the  study  of  the  hydrography  of  the 
southern  Appalachian  region.  The  measurements  are  made  from  the 
Southern  Railway  bridge  about  a  fourth  of  a  mile  east  of  the  railway 
station.  The  wire  gage  is  suspended  from  the  bridge  and  is  referred 
to  the  painted  gage  rod,  which  is  divided  into  feet  and  ucnths  and 
nailed  to  the  guard  rail.  The  initial  point  of  sounding  is  on  the  west 
end  of  the  bridge.  The  channel  is  straight  above  and  below  the  sta- 
tion, and  the  current  is  moderately  swift.  The  banks  are  high,  and 
the  bed  is  composed  of  gravel  and  fine  sand.  The  observer  is  C.  A. 
Reed,  jr.,  clerk  in  the  post-office  at  Catawba.  During  1900  the  fol- 
lowing measurements  were  made  by  E.  W.  Myers: 

Jaly  8:  Qage  height,  3.45  feet;  discharge,  3,872  second-feet. 
August  14:  Qage  height,  2.10  feet;  discharge,  914  second-feet. 
November  7:  Gage  height,  2.95  feet;  discharge,  2,088  seoond-feet. 
December  18:  Gage  height,  2.59  feet:  discharge,  2,189  second-feet. 
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Daily  gage  height  y  in  feet,  of  Catawba  River  at  Catauba^  North  Carolina,  for  1900* 


Day. 

June. 

July. 

1 

1  AuflT. 

1 

2.80 

2.70 

2.56 

2.40 

2.40 

2.40 

2.40 

2.35 

2.30 

2.30 

2.80 

2.26 

2.25 

2.25 

(aj 

(a 

{aS 

(a) 

(a) 

(a) 

(a) 

(a) 

(«) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

Sept. 

Oct 

Nov. 

Dec. 

I 

.  3.16 
2.65 
8.35 
3.16 
8.10 
3.00 
2.90 
2.00 
2.80 
2.75 
2.66 
2.00 
2.60 
2.65 
2.50 
2.50 
2.50 
2.50 

(a) 

(a) 

1.80 
1.72 
1.75 
1.90 
1.86 
1.80 
1.78 
1.72 
1.70 
1.76 
1.76 
1.66 
1.86 
6.00 
5.70 
4.40 
8.65 
8.10 
3.30 
3.55 
8.56 
3.55 
3.50 
8.46 
8.40 
8.38 
3.30 
3.40 

3.55 
3.60 
366 
3.70 
3.  TO 
4.20 
3.90 
3.85 
3.80 
3.75 
3.75 
3.76 
3.70 
3.60 
3.00 
3.00 
8.60 
8.65 
8.70 
8.65  • 
3.60 
3.75 
4.10 
20.20 
7.40 
6.70 
4.90 
4.70 
4.46 
4.a5 
3.90 

8.70 
3.50 
3.10 
4.10 
8.20 
3.10 
3.10 
2.96 
2.76 
2.76 
2.76 
2.76 
2.76 
2.75 
2.70 
2.65 
2.60 
2.50 
2.55 
2.66 
2.60 
2.60  1 
2.50  1 
2.45 
3.60 
9.10 
6.00 
4.10 
3.60 
3.26 
-. 

2.85 

2 

2.a'i 

8 

3.40 

4 

4.50 

5 

4.10 

6 

8.85 

7 

8.46 

8 

8.15 

9 

8.00 

10 

2.96 

11 

2.95 

12 

2.35 

2.80 
3.15 
4.85 
8.66 
7.60 

2.80 

13 

2.86 

14 

2  80 

16 : 

2.70 

16 

2.75 

2.75 

18 

2.60 

19 

5.05        2.60 
4.55        2.60 
8.46        2.50 

2.00 

20 

8.10 

21 

4.85 

22 

23 

24 

26 

28 

27 

28 

29 

30 

31 

4.75 
6.14 
6.76 
6.65 
6.40 
4.16 
3.65 
3.46 
3.80 

250 
2.30 
2.70 
2.70 
3.25 
8.20 
2.90 
2.70 
2.70 
3.00 

5.20 
4.75 
4.20 
8.80 
8.35 
8.15 

3.  or) 

8.10 
&36 
4.06 

1 

aNorec 

x>rd. 

CATAWBA  RIVER  AT  ROCKHILL,  SOUTH  CAROLINA. 

This  station,  which  is  descriBed  in  Water-Supply  Paper  No.  36,  page 
121,  was  established  September  3,  1895.  During  the  last  year  a  dam 
has  been  constructed  across  the  river  about  6  miles  above  the  gaging 
station,  and  it  is  probable  that  this  will  modify  the  flow  to  some  extent, 
particularly  at  low  stages.  The  maximum  flood  of  which  there  is  any 
record  at  this  station  occurred  March  20,  1899,  the  water  reaching  a 
height  of  17.25  feet  on  the  gage,  with  a  probable  discharge  of  about 
72,000  second-feet.  The  lowest  stage  of  flow  occurred  in  September 
of  1895  and  1896,  when  a  gage  height  of  1.0  foot  was  reached,  the 
probable  discharge  being  1,300  second-feet.  During  1900  the  follow- 
ing measurements  were  made  by  E.  W.  Myers: 

February  21:  Gage  height,  2.63  feet;  discharge,  3,803  second-feet. 
February  22:  Gage  height,  5.-28  feet;  discharge,  16,791  second-feet. 
April  13:  Gage  height,  2.75  feet;  discharge,  4,708  second-feet. 
April  21:  Gage  height,  9.07  feet;  discharge,  31,610  second-feet. 
May  21:  Gage  height,  2.42  feet;  discharge,  3,703  second-feet 
July  4:  Gage  height,  2.86  feet;  discharge,  5,623  second-feet. 
Angnst  16:  Gage  height,  1.70  feet;  discharge,  1,936  second-feet 
October  26:  Gage  height,  3.30  feet;  discharge,  8,843  second-feet 
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DaUy  gage  height^  in  feet,  of  Catavjba  River  at  Mockhill,  South  Carolina,  for  1900, 


Day. 

Jan. 

1 

L80 
1.80 
2.70 
2.70 
2.30 
2.20 
2.00 
2.00 
2.00 
2.00 
1.90 
3.20 
4.70 
3.50 
2.80 
2.50 
2.40 
2.20 
2.00 
2.90 
3.30 
3.20 
2.70 
2.50 
2.40 
2.40 
2.30 
2.20 
2.10 
2.10 
2.10 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

£1 

a 

23 

» 

25 

26 

27 

28 

29 

30 

31 

Feb. 


2.10 
2.00 
2. 00 
2.10 
2.20 
2.40 
2.40 
2.00 
2.00 
2.60 
3.80 
3.80 
6.30 
12.30 
7.50 
4.30 
3.40 
3.00 
2.90 
2.60 
2.60 
4.90 
5.40 
4.00 
a40 
3.30 
3.00 
2.80 


Mar. 


4.60 
11.90 
7.90 
4.50 
3.70 
3.30 
3.10 
3.00 
3.80 
4.10 
3.70 
3.40 
3.20 
3.10 
2.90 
5.80 
6.70 
4.50 
3.60 
3.80 
3.80 
8.70 
3.30 
2.80 
2.90 
3.10 
3.70 
8.50 
3.20 
3.10 
3.00 


Apr. 


May. 


Jane. 

July, 
3.00 

Aug. 
2.20 

2.30 

2.30 

2.90 

2.10 

2.20 

2.80 

2.00 

2.50 

2.80 

1.90 

2.50 

2.50 

1.90 

2.40 

2.40 

1.80 

2.30 

2.40 

1.80 

2.30 

2.30 

1.80 

2.40 

2.2U 

1.80 

2.40 

2.20 

1.80 

2.4U 

2.20 

1.70 

2.30 

2.10 

1.70 

2.20 

2.10 

1.70 

2.20 

2.10 

1.70 

2.60 

2.10 

1.70 

2.55 

2.10 

1.70 

3.90 

2.10 

2.00 

6.75 

2.10 

2.00 

6.80 

2.10 

1.90 

4.40 

2.00 

1.90 

3.30 

1.90 

1.70 

2.90 

1.90 

1.60 

5.80 

2.10 

2.80 

6.50 

2.60 

2.10 

5.00 

2.60 

1.80 

4.90 

2.20 

2.00 

4.00 

2.80 

1.00 

3.50 

2.50 

1.80 

3.20 

2.30 

1.60 

3.10 

2.90 

2.00 

- .  

2L20 

1.80 

Sept.     Oct.  1  Nov. 


1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
3.20 
2.70 
2.10 
1.80 
1.80 


1. 
1. 
1. 
1. 
1. 
1. 


70 
70 
40 
,40 
.30 
.30 
1.30 
1.30 
1.30 


1 
1.90 

1.40 

1.40 

1.80 

1.40 

1.80 

1.40 

8.40 

1.40 

3.00 

1.40 

2.50 

1.70 

2.10 

1.70 

2.00 

1.80 

2.00 

1.60 

1.90 

1.60 

1.80 

1.00 

1.70 

1.60 

1.70 

1.50 

1.70 

1.50 

1.70 

1.50 

1.70 

1.50 

1.70 

1.50 

1.70 

1.40 

1.70 

1.40 

1.70 

1.40 

1.70 

1.35 

1.70 

1.40 

1.70 

7.75 

1.70 

11.30 

1.70 

3.40 

1.80 

2.50 

6.10 

2.20 

a90 

2.10 

2.60 

2.00 

2.30 

2.00 

Dec. 


2.20 
2.00 
2.00 
3.20 
4.20 
4.10 
2.90 
2.40 
2.20 
2.20 
2.20 
2.20 
2.00 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
4.20 
8.80 
4.20 
2.90 
2.80 
2.70 
2.50 
2.30 
2.20 
2.20 
2.60 


aOage  broken;  no  record. 
BBOAD  RIVBR  (OF  THB  CAROLINAS)  AT  DELLIN6ER,  SOUTH  CAROLINA. 

The  station  at  Gaffney,  South  Carolina,  was  abandoned  on  account 
of  its  poor  section,  and  the  station  at  Dellinger  was  established  August 
30, 1900,  by  N.  C.  Curtis,  in  connection  with  the  hydrographic  inves- 
tigations of  the  southern  Appalachian  region.  The  gage  is  a  4-inch 
by  4-inch  timber,  13  feet  long,  spiked  to  a  tree  on  the  left  bank  of  the 
river  at  Ellis's  ferry,  Dellinger,  1  mile  below  the  North  Carolina-South 
Carolina  State  line  and  10  miles  south  of  Shelby,  North  Carolina.  The 
gage  is  graduated  to  feet  and  tenths  and  reads  direct.  The  initial 
point  of  sounding  is  a  stake  in  the  center  of  the  roadway,  used  for 
securing  ferryboats  to  the  bank.  The  channel  is  straight,  the  cur- 
rent rather  rapid,  and  the  bed  of  the  stream  sandy  and  slightly  shift- 
ing. The  right  bank  is  about  10  feet  high,  and  is  not  subject  to 
overflow;  the  left  bank  rises  to  a  considerable  height.  It  has  been 
observed  that  the  surface  of  the  water  in  the  river  is  about  4  inches 
higher  in  the  evening  than  in  the  morning.  This  may  probably  be 
accounted  for  by  the  fact  that  there  are  two  cotton  mills  on  Second 
Broad  River  which  close  their  gates  at  night,  in  order  to  allow  the 
I)ond8  to  flll^  and  cut  off  nearly  all  of  the  discharge  of  Second  Broad 
River  during*  low  water.  The  observer  is  J.  S.  Gramling,  ferryman. 
During  1900  N.  C.  Curtis  made  one  measurement  at  this  station,  as 
follows: 

AngOBt  80:  Gage  height,  0,8  foot;  discharge,  1,480  aeoond-feet. 
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Daily  gage  height,  in  feet,  of  Broad  River  (of  the  OaroUiuis)  at  DeUinger,  Sofuiji 

Carolina,  for  1900, 


Day. 

Sept. 

Oct 

Not. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.65 
.60 
.50 
.50 
.50 

120 
.60 
.70 

1.00 
.80 
.60 
.60 
.60 
.30 
.76 
.30 

0.80 
.70 
.70 
.90 
.90 
.70 
.60 
.60 
.60 
.60 
.50 
.70 
.70 
.70 
.70 
.70 

1.35 
1.2U 
1.30 
2.50 
3.15 
2.00 
1.70 
1.56 
1.20 
1.30 
1.20 
1.15 
1.15 
1.15 
1.15 
.80 

17 

1.60 
1.00 
.70 
.70 
.60 
.60 
.70 
.70 
.60 
.50 
.50 
.50 
.50 

0.30 

.30 

.30 

.30 

.20 

.40 

1.00 

5.50 

2.fi0 

2.25 

1.28 

1.00 

.90 

.90 

.80 

0,70 

.60 

.70 

.70 

.70 

.70 

.70 

.70 

.90 

6.15 

2.80 

1.90 

1.60 

1.60 

1.00 

2 

0.60 
.70 
.70 
.60 
.60 
.60 
.50 
.30 
.50 
.60 
.60 
.40 
.40 
1.20 
2.90 

18 

.90 

3 

19 

.90 

4 

20 

.96 

5 

21 

6.0) 

6 

28 

8.25 

7 

28 

24 

2.30 

8 

2.60 

9 

26 ... 

28  . 

27 

2.00 

10 

1.90 

11 

1.70 

12 

28 

1.00 

13 

20 

1.60 

u 

30 

1.75 

16 1.... 

81 

2.50 

16 

BROAD  RIVBR  (OF  THE   CAROUNAS)  NEAR  ALSTON,  SOUTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  125. 
The  river  is  straight  for  a  long  distance  above  and  below  the  station, 
but  the  current  is  at  an  angle  with  the  bridge.  The  current  velocity 
is  ample  and  is  very  uniform  throughout  the  section.  The  observer 
is  G.  M.  Heron,  a  farmer  living  near  the  station.  The  maximum  flood 
at  this  station  was  on  April  22,  1900,  when  the  gage  height  was  23.80 
feet  and  the  probable  discharge  about  92,000  second-feet.  The  mini- 
mum flow  was  reached  October  3,  1899,  the  discharge  being  1,485  sec- 
ond-feet. The  maximum  discharge  is,  therefore,  about  62  times  the 
minimum  flow.  During  1900  the  following  discharge  measurements 
were  made  by  E.  W.  Myers: 

February  26:  Gage  height,  5.40  feet;  discharge,  8,913  seoond-feet. 
April  18:  Gage  height,  6.28  feet;  discharge  not  measared. 
April  20:  Gage  height,  18.60  feet;  discharge,  44,456  second-feet. 
May  22:  Gage  height,  3.40  feet;  discharge,  4,406  second-feet 
July  5:  Gts^e  height,  4.25  feet;  discharge,  5,962  second-feet. 
Angnst  17:  Gage  height,  2.80  feet;  discharge,  2,840  second-feet. 


SOUTH   0A.BOLmA. 
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Daily  gage  heigktt  in  feet,  of  Broad  River  {of  the  Carolinaa)  near  Alston,  South 

Carolina,  for  1900. 


Day. 

Jan. 

Feb. 

2.99 
2.80 
2.72 
2.74 
3.38 
3.52 
8.90 
8.45 
8.60 
3.58 
8.48 
9.84 
14.48 
19.95 
16.90 
11.11 
7.47 
5.57 
4.92 
4.51 
4.20 
9.25 
9.50 
6u64 
7.60 
5.50 
5.00 
4.50 

-r----  • 

Mar. 

Apr. 

May. 

June. 

3.45 
8.80 
3.48 
4.05 
4.45 
3.90 
3.70 
5.05 
4.45 
4.45 
4.20 
3.85 
3.00 
4.05 
4.82 
4.20 
10.00 
12.38 
8.60 
6.00 
5.00 
4.50 
10.55 
13.98 
10.00 
8.00 
6.85 
6.35 
5.95 
6.15 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

8.20 
14.20 
12.47 
8.20 
6.10 
5.62 
5.04 
5.16 
8.96 
8.30 
6.68 
6.48 
5.07 
4.66 
4.40 
11.68 
12.80 
8.87 
6.10 
5.80 
6.88 
6.84 
5.39 
5.08 
7.20 
10.80 
8.40 
6.54 
5.60 
5.11 
4.78 

4.64 

4.41 

4.17 

4.24 

4.58 

4.54 

4.06 

4.05 

4.00 

8.90 

3.88 

4.50 

4.70 

4.41 

4.40 

8.90 

8.70 

6.40 

17.20 

14.60 

15.50 

28.40 

18.10 

11.80 

10.00 

7.40 

7.80 

6.10 

5.65 

5.50 

5.00 
4.80 
4.60 
4.40 
4.26 
4.15 
4.10 
8.00 
8.90 
8.70 
8.60 
8.60 
3.65 
8.64 
8.64 
8.54 
8.50 
8.40 
4.80 
4.20 
8.60 
8.47 
8.42 
3.26 
6.50 
6.20 
5.55 
4.40 
8.85 
8.70 
8.55 

5.54 
4.90 
5.45 
5.45 
4.25 
S.90 
3.90 
8.66 
4.76 
8.74 
3.40 
8.80 
3.20 
4.80 
4.40 
3.70 
3.50 
3.40 
8.25 
8.10 
3.10 
2.98 
8.40 
8.10 
8.42 
3.35 
4.32 
4.32 
4.85 
4.45 
4.05 

4.00 
8.85 
8.40 
3.80 
3.20 
3.10 
2.80 
8.08 
3.05 
2.90 
2.82 
2.80 
2.85 
2.60 
2.95 
2.90 
2.80 
2.05 
2.85 
2.75 
2.35 
2.60 
2.56 
3.60 
3.35 
2.80 
3.10 
2.60 
2.75 
2.90 
3.10 

3.15 
3.20 
2.80 
2.60 
2.70 
2.60 
2.50 
2.50 
2.48 
2.80 
2.05 
2.80 
2.85 
2.38 
2.65 
5.80 
6.12 
4.10 
8.20 
8.05 
2.85 
2.65 
2.68 
2.40 
2.50 
2.80 
2.65 
2.50 
2.45 
2.45 

2.55 
2.80 
2.60 
2.60 
8.05 
3.35 
8.30 
8.10 
2.70 
3.25 
3.15 
2.00 
2.86 
8.10 
8.00 
2.50 
2.85 
2.70 
2.70 
2.60 
2.65 
2.60 
2.35 
6.95 
8.40 
5.85 
8.00 
8.55 
3.80 
8.00 
8.15 

2.05 
2.88 
3.70 
7.51 
7.20 
5.00 
8.75 
3.50 
3.15 
8.05 
2.90 
2.80 
2.70 
3.00 
2.90 
2.85 
2.90 
2.95 
2.05 
2.75 
3.55 
3.85 
a20 
3.15 
3.05 
3.90 
10.13 
6.35 
4.65 
3.85 

! 

3.60 

2 

3.45 

3 

3.25 

4 

7.83 

5 

0.20 

6 

6.50 

7 

4.05 

8 

8.80 
8.45 
8.00 
8.80 
6.80 
7.60 
5.00 
3.80 
3.20 
2.78 
2.88 
2.86 
3.09 
8.87 

a52 

8.38 
8.73 
8.58 
3.38 
3.29 
8.10 
2.90 
2.84 
8.10 

4.25 

9 

3.90 

10 

3.60 

U 

12 

3.55 
3.45 

13 

14 

3.85 
3.60 

15 

16 

3.70 
3.80 

17 

18 

8.05 
3.10 

19...  

3.20 

20 

3.30 

21 

7.20 

28 

8.56 

23 

24 

7.20 
5.15 

25 

4.80 

26.... 

4.45 

27 

4.20 

28 

3.80 

29 

3.70 

80 

81 

8.96 
6.80 

SALUDA  BIVBR  AT  WATERLOO,   SOUTH   CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  126. 
Records  of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual 
ReiK)rt,  Part  IV,  page  129.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers: 

February  23:  Gage  height,  7.38  feet;  discharge,  3,347  second-feet. 
April  19:  Gage  height,  9.91  feet;  discharge,  5,415  second-feet. 
May  22:  Qtkge  height,  3,35  feet;  discharge,  757  second-feet. 
July  5:  Gage  height,  6.10  feet;  discharge,  1,486  second-feet. 
Angnst  17:  Gage  height,  4.10  feet;  discharge  917  second-feet. 
November  10:  Gkige  height,  4.42  feet;  discharge,  854  second-feet. 
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Daily  gage  height,  infeet,  of  Saluda  River  at  WaterUx),  South  Carolina y  for  1900. 


Day. 

Jan. 

FoU 

Mar. 

Apr. 

May. 

6.40 
6.10 
5.70 
5.70 
5.70 
b.m 
5.00 
4.90 
4.85 
4.95 
4.65 
5.40 
5.00 
5.00 
4.66 
4.83 
4.45 
6.10 
6.75 
5.85 
4.56 
6.20 
4.40 
8.60 
7.35 
6.45 
6.10 
4.50 
6.30 
4.60 
5.30 

1 
June. 

4.60 
4.20 
4.40 
6.45 
4.90 
5.10 
8.10 
JO.  90 
10.00 
6.90 

6.ai 

5.80 

6.25 

6.20 

7.00 

6.65 

10.25 

8.70 

7.00 

6.50 

5.95 

6.10 

8.66 

11.80 

10.70 

10.80 

8.26 

8.25 

7.36 

8.30 

July. 

7.40 
6.85 
6.45 
6.25 
6.90 
5.65 
5.20 
6.20 
6.40 
4.85 
4.70 
4.56 
4.75 
6.80 
6.10 
4.90 
4.60 
4.60 
4.50 
4.45 
6.30 
4.20 
5.06 
5.30 
4.35 
5.30 
4.40 
6.40 
4.96 
4.70 
6.30 

Aug. 

4.36 
4.60 
4.96 
4.70 
4.05 
3.65 
4.05 
4.15 
5.15 
3.96 
5.00 
3.80 
3.65 
3.90 
4.00 
4.65 
4.60 
4.10 
4.00 
3.30 
3.85 
4.10 
4.05 
4.15 
5.20 
4.00 
8.75 
4.40 
4.00 
4.60 
4.95 

Sept. 

Oct. 

3.10 
3.90 
4.10 
4.80 
4.40 
4.00 
3.80 
3.10 
4.10 
5.00 
4.25 
4.10 
4.90 
3.05 
3.20 
4.60 
4.40 
4.65 
4.20 
4.65 
5.80 
3.05 
4.20 
8.30 
8.10 
6.70 
6.35 
4.70 
3.90 
5.20 
5.25 

Nov. 

Dec. 

1 

2 

8 

4 

3.00 
4.00 
4.66 
4.50 
4.30 
4.05 
3.80 
3.40 
4.00 
4.66 
4.86 
0.65 
7.80 
5.66 
6.05 
5.30 
5.06 
4.90 
6.15 
6.20 
6.46 
4.00 
5.20 
4.90 
6.00 
4.95 
5.00 
3.96 
4.16 
4.05 
4.00 

4.00 
4.10 
4.80 
3.95 
4.60 
6.26 
5.30 
6.20 
4.25 
6.75 
7.80 
10.30 
16.40 
20.00 
17.00 
8.40 
7.00 
9.45 
5.90 
6.50 
6.10 
8.50 
7.70 
6.66 
6.90 
5.80 
5.70 
5.20 

10.20 
11.96 
10.70 
7.20 
6.36 
6.00 
5.66 
8.80 
10.  (« 
8.30 
7.40 
0.05 
5.86 
6.70 
6.80 
11.05 
10.70 
8.00 
6.90 
8.10 
7.40 
6.66 
6.10 
6.90 
9.16 
8.15 
7.80 
6.85 
6.30 
6.10 
6.05 

6.00 
5.56 
5.05 
5.10 
6.35 
5.L5 
5.36 
5.46 
4.85 
4.85 
5.60 
6.90 
5.40 
5.70 
5.05 
5.00 
4.90 
8.65 
9.56 
8.80 
13.40 
10.80 
14.40 
12.55 
0.30 
7.70 
7.40 
7.00 
6.55 
6.30 

4.70 
4.90 
4.00 
4.00 
4.10 
4.05 
4.00 
4.65 
3.70 
3.00 
4.28 
4.00 
3.95 
4.10 
4.76 
8.75 
6.10 
4.35 
4.20 
5.20 
4.00 
4.96 
4.15 
3.55 
4.10 
4.10 
4.00 
4.05 
4.80 
3.80 

• 

4.35 
4.40 
6.60 
7.75 
4.70 
5.60 
5.40 
4.60 
4.55 
5.15 
4.20 
3.46 
6.10 
5.15 
5.05 
4.40 
4.70 
4.10 
3.50 
4.60 
4.45 
4.50 
5.25 
5.10 
4.50 
10.20 
9.90 
&40 
6.20 
6.55 

5.45 

4.90 
4.60 
7.85 

5 

7.90 

6 

5.95 

7 

5.80 

8 

9 

5.65 
5.05 

10 

11 

4.30 
5.40 

12 

5.35 

13 

5.45 

14 

4.90 

15 

5.45 

16 

4.20 

17 

4.25 

18 

5.25 

19 

4.60 

20 

5.20 

21 

5.20 

22 

6.65 

23 

6.15 

24 

5.00 

25 

5.45 

26 

4.85 

27 

4.60 

28 

4.4o 

20 

80 

5.35 
5.55 

81 

5.70 

TALLULAH  RIVER  AT  TALLULAH  PALLS,   GEORGIA. 

This  station  was  established  August  29,  1900,  and  records  of  gage 
heights  were  obtained  until  October  19,  1900,  when  the  observer  left 
Tallulah  Falls,  and  no  readings  have  been  made  since  that  time. 
Measurements  are  made  from  the  wagon  bridge  across  the  river  about 
a  half  mile  above  the  head  of  the  falls.  The  bridge  is  a  single  iron 
span  about  100  feet  long.  The  gage  is  a  vertical  rod  lOfeet  long, 
graduated  to  feet  and  tenths,  nailed  to  a  2-inch  b}'  4-inch  pine  tim- 
ber, and  the  whole  spiked  to  a  tree  on  the  left  bank  of  the  river  about 
60  feet  above  the  bridge.  The  observer  is  T.  A.  Robinson,  proprietor 
of  the  Robinson  Hotel.  During  1900  the  following  measurements 
were  made  by  Max  Hall  and  J.  C.  Conn: 

Angast  29:  Gage  height,  1  foot;  discharge,  252  second- feet. 
December  21:  Gage  height,  2  feet;  discharge,  963  second-feet. 

Daily  gage  height^  in  feet,  of  Tallulah  River  at  Tallulah  FaUs,  Georgia,  for  1900, 


Day. 

Aug. 

Sept. 

Oct. 

Day. 

Ang.  Sept. 

1 

Oct. 

,       Day. 

Aug. 

Bept. 

1.26 
1.20 
1.20 
1.19 
1.17 
1.10 
1.09 
1.04 

Oot. 

1       

1.60  .  1.06 

12 

.85    1.01 

28 

2 

1.40  .  1-OS 

18 

.80 
1.20 
1.95 
2.90 
1.95 
1.70 
1.40 
1.36 

i.ao 

6.40 

1.01 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

24 

8         

1.10 
1.00 
1.00 

1.02 
1.01 
1.01 

14 

25 

4 

15 

26 

6 

16 

27 

6 

1.00    i.nB 

17 

28 

7 

1.00 

1.00 

.90 

.90 

.90 

1.08 
1.02 
1.02 
1.01 
1.01 

18 

29 

1.00 

.95 

1.60 

8         

19 

80 

9              

20 

81 

10 

21 

11 

22 

SOUTH   CAROLINA. 
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TUGALOO  RIVER  NEAR  MADISON,  SOUTH   CAROLINA. 

This  station,  established  July  19,  1898,  at  Cook's  ferry,  about  a 
half  mile  from  Madison,  South  Carolina,  1  mile  below  the  Southern 
Railway  bridge  over  Tugaloo  River  and  2  miles  above  the  mouth  of 
Chauga  Creek,  is  described  in  Water-Supply  Paper  No.  36,  page  127. 
Results  of  measurements  are  given  in  the  Twentieth  Annual  Report, 
Part  IV,  page  162,  and  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  131.  During  1900  the  following  measurements  were  made  by 
Max  Hall  and  others: 

February  21:  Gk^ge  height,  4.25  feet;  discharge,  2,243  second-feet. 
August  30:  Gage  height,  1.71  feet;  discharge,  872  second-feet. 
December  25:  Qage  height,  3.60  feet;  discharge,  1,717  second-feet. 
December  27:  Gage  height,  2.80  feet;  discharge,  1,414  second-feet. 

Daily  gage  height ,  in  feet,  of  Thigaloo  River  near  Madison,  South  Carolina,  for 

1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

4.2 

4.1 
4.3 
4.0 
3.8 
8.7 
8.6 
3.4 
3.4 
8.8 
3.2 
3.1 
3.1 
3.0 
2.9 
2.9 
2.8 
2.8 
3.3 
2.8 
2.7 
2.6 
2.5 
3.3 
2.9 
2.9 
2.7 
2.5 
2.5 
2.4 
2.3 

June. 

Jnly. 

Aug. 

3.1 
2.8 
2.7 
2.5 
2.5 
2.4 
2.8 
2.3 
2.2 
2.1 
2.1 
2.1 
2.2 
2.0 
2.3 
2.1 
2.3 
2.1 
2.0 
l.P 
1.8 
1.8 
2.1 
2.3 
2.1 
2.2 
1.9 
1.8 
1.7 
1.7 
2.8 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1.4 
1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.4 
1.6 
5.5 
8.3 
2.5 
2.1 
2.0 
1.9 
1.8 
4.5 
6.9 
3.4 
8.1 
2.9 
2.4 
2.4 
2.2 
2.1 
1.9 
1.9 
1.8 
1.8 

1.6 
1.6 
1.8 
1.7 
3.5 
2.3 
2.1 
2.2 
8.0 
8.5 
4.6 
7.0 
19.9 
9.0 
6.2 
5.2 
4.5 
4.0 
8.8 
3.5 
3.5 
5.0 
4.0 
8.8 
4.0 
3.5 
8.3 
3.1 

9.4 
5.5 
3.9 
3.9 
3.7 
8.5 
3.8 
4.8 
6.6 
5.1 
4.5 
4.2 
3.9 
3.7 
36 
5.1 

d.6 
3.7 
6.2 
5.0 
4.4 
4.2 
4.1 
4.2 
5.8 
4.8 
4.8 
4.1 
3.9 
3.7 

8.5 
8.4 
8.4 
3.6 
3.7 
3.4 
8.3 
3.2 
3.1 
3.1 
3.3 
4.1 
3.8 
3.4 
3.2 
3.0 
5.9 
5.1 
7.6 
7.5 
13.4 
8.3 
6.3 
6.2 
5.3 
4.9 
4.6 
4.9 
4.7 
4.4 

2.3 
-2.6 
2.8 
2.7 
2.9 
2.9 
6.5 
6.7 
4.5 
3.6 
3.3 
3.0 
8.3 
8.3 
3.1 
3.0 
6.9 
5.3 
4.5 
3.9 
8.5 
4.2 
5.8 
18.0 
9.4 
11.4 
6.5 
6.9 
6.4 
6.7 

5.1 
5.6 
5.1 
4.6 
4.2 
3.9 
8.8 
3.6 
3.8 
8.6 
8.7 
3.6 
3.9 
8.9 
3.7 
8.6 
8.2 
8.1 
8.0 
2.9 
2.8 
2.8 
3.1 
2.9 
2.7 
3.6 
3.2 
8.8 
3.1 
4.2 
3.3 

2.5 
2.8 
2.1 
1.9 
1.8 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.6 
8.1 
7.3 
4.0 
2.9 
2.6 
2.3 
2.2 
2.1 
2.0 
2.0 
2.9 
1.8 
2.1 
1.0 
1.8 
1.7 

1.7 
1.6 
1.7 
1.7 
1.9 
3.2 
1.8 
1.8 
1.6 
1.8 
1.7 
1.6 
2.6 
1.8 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.4 
1.6 
7.4 
6.8 
4.9 
3.9 
2.9 
2.6 
2  5 
2.3 
2.2 

2.1 
2.1 
2.2 
2.9 
2.3 
2.1 
2.0 
2.0 
1.9 
1.0 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.8 
1.9 
2.0 
2.0 
2.0 
1.9 
1.9 
2.2 
9.4 
5.3 
4.1 
3.0 
3.4 

2.5 
2.4 

3 

2.3 

4 

5.6 

5 

4.8 

6 

7 

3.4 
3.1 

8 

9 

3.0 
2.9 

10 

2.6 

11 

2.5 

12 

2.4 

18 

2.3 

14 

2.3 

15 

2.2 

16 

2.2 

17 

2.1 

18 

10 

2.1 

2.0 

ao 

2.3 

a 

4.2 

28 

3.3 

23 

3.0 

24 

4.2 

25 

8.6 

26 

27 

3.1 

2.8 

28 

2.7 

29 

2.6 

30 

2.6 

81 

4.0 

SAVANNAH  RIVER  NEAR  CALHOUN   PALLS,  SOUTH  CAROLINA. 

This  station  was  established  August  4,  1896,  on  the  Seaboard  Air 
Line  bridge  across  Savannah  River,  above  the  mouth  of  Beaverdam 
Creek,  below  Rocky  River,  and  about  3  miles  west  of  the  town  of 
Calhoun  Falls,  South  Carolina.  It  is  described  in  Water-Supply 
Paper  No.  36,  page  129.  More  than  four-fifths  of  the  drainage  area 
of  this  river  in  the  Blue  Ridge  Mountains  in  North  Carolina,  South 
Carolina,  and  Greorgia  is  covered  with  the  original  oak  forest.  Records 
of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
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Part  IV,  page  134.     During  1900  the  foliowing  measurement  was  made 
by  Max  Hall: 

March  1:  Oage  height,  5.47  feet;  diflcharge,  13,808  second-feet. 

Daily  gage  height^  in  feet,  of  Savannah  River  near  Calhoun  Falls,  South  Caro- 
lina, for  1900, 


Day. 

Jan. 

Feb. 

2.9 
2.8 
2.8 
2.7 
2.8 
2.8 
2.9 
2.9 
8.0 
3.2 
5.2 
9.8 
15.5 
19.4 
8.0 
5.5 
4.9 
4.7 
4.4 
4.8 
4.2 
5.4 
4.7 
4.4 
4.2 
4.0 
8.9 
3.9 

Mar. 

Apr. 

May. 

June. 

2.8 
2.7 
3.1 
•    2.9 
3.5 
3.4 
3.9 
11.0 
5.0 
8.5 
3.0 
3.0 
3.1 
8.0 
3.0 
8.8 
5.6 
6.1 
4.9 
4.0 
8.7 
3.6 
4.0 
12.7 
12.0 
7.8 
5.0 
4.5 
3.9 
8.8 

July. 

3.6 
3.2 
3.0 
3.0 
2.9 
2.9 
2.8 
2.7 
2.7 
2.6 
2.5 
2.4 
2.4 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
2.1 
-    2.1 
2.0 
2.2 
2.8 
2.2 
2.2 
2.8 
3.4 
8.2 
3.4 
3.1 

Aug. 

Sept. 

Oct. 

Not. 

2.9 
8.0 
3.9 
4.8 
4.0 
3.8 
3.7 

a4 

3.3 
3.2 
3.2 
3.0 
2.9 
2.7 
2.7 
2.0 
2.6 
2.6 
2.6 
3.0 
2.9 
2.8 
2.8 
2.6 
2.6 
3.6 
3.4 
3.2 
3.1 
3.0 

Deo. 

1 

3.3 
3.2 
3.2 
3.1 
8.0 
8.0 
2.9 
2.9 
2.9 
8.0 
8.2 
4.0 
8.9 
8,7 
3.6 
8.5 
8.8 
3.8 
8.4 
3.9 
3.8 
8.6 
3.5 
8.4 
3.2 

a2 

3.1 
8.0 
8.0 
8.0 
2.9 

• 

5.8 
6.5 
4.6 
4.2 
8.9 
8.8 
8.6 
4.0 
4.9 
4.3 
8.9 
8.8 
8.6 
8.4 
3.8 
4.6 
4.5 
4.0 
3.8 
4.2 
4.0 
8.9 
8.8 
4.0 
5.6 
5.7 
5.0 
4.8 
4.2 
8.9 
8.7 

8.6 
3.5 
3.5 
3.7 
8.0 
8.4 
8.8 
3.4 
3.4 
8.8 
8.6 
4.0 
8.8 
8.6 
8.6 
8.5 
3.5 
8.9 
5.0 
5.1 
8.0 
10.4 
5.5 
6.9 
6.0 
4.9 
4.2 
4.0 
4.2 
4.0 

4.0 
3.9 
4.2 
4.0 
8.9 
3.7 
8.6 
3.4 
3.3 
8.1 
3.1 
8.0 
3.0 
3.0 
2.9 
2.9 
2.9 
.•5.8 
8.0 
8.0 
2.9 
2.9 
3.0 
4.9 
4.2 
3.2 
3.0 
8.0 
2.9 
2.9 
2.8 

3.2 
3.0 
3.0 
2.9 
2.9 
2.8 
2.8 
2.7 
2.6 
2.4 
2.3 
2.2 
2.7 
2.6 
2.5 
2.5 
2.6 
2.6 
2.4 
2.3 
2.2 
2.0 
2.0 
1.9 
2.5 
2.9 
2.7 
2.9 
2.8 
2.2 
2.1 

3.2 
8.7 
3.3 
3.0 
3.0 
2.9 
2.8 
2.6 
2.5 
2.3 
2.2 
2.1 
2.0 
2.0 
4.7 
6.9 
5.0 
3.2 
3.0 
2.9 
2.9 
2.7 
2.7 
2.6 
2.4 
2.4 
2.2 
2.0 
2.0 
2.1 

2.1 
2.0 
2.0 
2.1 
2.1 
3.0 
2.7 
2.6 
2.5 
2.4 
2.4 
2.6 
8.9 
8.0 
2.9 
2.8 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
2.5 
5.0 
4.0 
3.9 
3.7 
3.5 
8.8 
3.1 
2.9 

3.0 

2 

2.9 

8 

2.8 

4 

8.9 

5 

6 

8.8 
8.8 

7 

8 

8.7 
8.6 

9 

8.4 

10 

3.4 

11 

3.8 

12 -.. 

13 

8.3 
8.4 

14 

3.7 

16 

3.6 

16 

8.4 

17 

8.4 

18 

8.8 

19 

8.8 

20 

8.6 

81 

8.7 

22 

8.6 

23 

8.4 

24 

25 

8.4 
8.3 

26 

8.8 

27 

8.3 

28 

8.2 

29 

a2 

80 

8.3 

81 

8.8 

SAVANNAH  RIVBR  AT  AUGUSTA,  GEORGIA. 

Observations  of  river  heights  have  been  maintained  at  the  highway 
bridge  in  the  city  of  Augusta  since  1875.  The  station  is  described  in 
Water-Supply  Paper  No.  36,  page  130.  The  gage  heights  as  pub- 
lished are  the  average  of  four  daily  readings  reduced  to  feet  and  hun- 
dredths. Discharge  measurements  are  made  at  the  North  Augusta 
highway  bridge.  Records  of  flow  during  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  135.  During  1900  one 
measurement  was  made  by  B.  M.  Hall,  as  follows: 

August  28:  Gage  height,  7.80  feet;  discharge,  5,96b  second-feet. 
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Daily  gage  height,  in  feet,  of  Savannah  River  at  Augusta,  Georgia,  for  1900, 


Day. 


1  . 

8. 
4- 

5. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
13. 
14. 
lA 
16. 
17. 
18. 
19. 
». 
21. 
2S. 
2S. 
24. 
25. 
26. 
27. 
28. 
28. 
30. 

ai. 


Jan. 


7.12 
6.94 
6.67 
6.42 
6.50 
6.67 

6.a» 

6.65 

6.71 

6.71 

7.12 

10.40 

L5.00 

12.79 

9.37 

8.65 

8.12 

7.67 

7.94 

8.94 

10.26 

10.44 

9.11 

8.44 

8.12 

7.06 

7.73 

,  7.19 

7.28 

7.20 

7.08 


Feb.     Mar. 


6.87 

6.81 

6.44 

6.52 

8.83 

9.10 

8.80 

8.08 

8.12 

10.04 

20.66 

27.19 

20.60 

32.81 

30.08 

22.08 

16.20 

12.76 

11.39 

10.46 

10.85 

14.79 

15.44 

12.89 

12.06 

12.37 

10.96 

10.81 


Apr. 


17.87 
23.12 
13  87 
14.06 
11.44 
10.60 
10.37 
10.64 
17.85 
17.60 
14.35 
12.21 
10.96 
10.39 
10.08 
15.25 
17.27 
14.21 
11.42 
13.68 
15.25 
13.70 
11.85 
11.73 
14.10 
19.65 
18.37 
14.79 
12.67 
11.46 
10.69 


May. 


9.96 

9.89 

9.54 

9.54 

9.65 

9.68 

9.20 

9.00 

8.75 

8.90 

9.15 

11.10 

U.35 

10.77 

9  47 

9.16 

8.  oo 

12.16 

23.89 

24.70 

24.25 

26.73 

24.73 

18.27 

14.75 

17.08 

13.73 

12.50 

11.81 

11.20 


11.60 

11.20 

10.70 

12.30 

10.60 

9.60 

9.30 

9.00 

9.00 

8.80 

8.70 

8.60 

8.40 

8.80 

8.30 

8.20 

7.80 

8.40 

9.70 

11.00 

10.60 

8.90 

8.40 

10.40 

13.00 

11.00 

9.10 

8.50 


10 
90 
80 


June. 


Jnly. 


7.70 


7. 
7, 


50 
60 


8.80 

10.20 

0.50 

11.70 

19.70 

10.90 

19.90 

10.80 

9.60 

9.20 

9.30 

9.90 

9.70 

15.00 

19.80 

18.40 

13.60 

10.70 

0.60 

11.70 

21.80 

29.20 

26.80 

23.00 

19.60 

16.70 

14.60 


14.46 

12.90 

12.25 

11.66 

10.60 

9.62 

9.27 

8.96 

8.79 

8.30 

8.52 

8.22 

8.68 

8.94 

9.60 

9.37 

8.64 

8.37 

8.19 

8.04 

7.89 

7.39 

8.00 

8.20 

8.02 

8.32 

9.23 

U.12 

10.20 

11.88 

13.35 


Aug. 


11.29 
9.46 
8.30 
7.76 
7.73 
7.33 
7.27 
7.19 
7.13 
7.00 
7.06 
6.57 
6.62 
7.31 
7.17 
6.77 
7.67 
7.27 
6.78 
6.82 
6.62 
6.48 
6.60 
6.56 
6.77 
77 
12 
.20 
6.60 
6.62 
7.08 


Sept. 


7. 
7. 

7. 


7.37 
7.79 
8.35 
7.33 
7.00 
6.85 
6.44 
6.20 
6.27 
5.89 
6.16 
6.06 
6.08 
5.99 
7.40 
14.49 
14.24 
10.60 
8.35 
7.70 
7.27 
7.12 
6.92 
6.35 
6.75 
6.50 
6.67 
6.46 
6.50 
6.19 


Oct. 


6.18 
6.38 
6.38. 
6.16 
6.40 
6.65 
7.65 
7.41 
7.35 
7.60 
6.30 
6.75 
6.85 
7.48 
7.14 
6.62 
6.66 
6.47 
6.45 
6.27 
5.95 
6.30 
6.32 
12.66 
16.  TZ 
12.30 
10.60 
9.72 
8.62 
7.95 
7.60 


Nov. 


7.W 
7.80 
7.70 
13.80 
12.00 
9.80 
8.00 
7.70 
7.60 
7.40 
6.90 
7.00 
7.10 
7.00 
7.00 
6.80 
6.80 
(J.50 
0.80 
20 
50 
40 
7.30 
7.40 
7.00 
10.00 
14.90 
11.80 
9.10 
8.80 


7, 
7. 
7. 


Dec. 


7.96 

7.60 

7.75 

0.18 

15.81 

14.44 

11.22 

9.32 

8.50 

8.40 

8.06 

7.90 

7.80 

8.80 

11.66 

9.81 

8.60 

7.97 

7.44 

8.15 

12.10 

12.70 

11.12 

9.36 

9.40 

9.20 

8.72 

8.40 

8.25 

8.40 

15.22 


BROAD    RIVKR   (OF   GEORGIA)   NEAR    CARLTON,    GEORGIA. 


This  station,  established  May  27,  1897,  is  located  on  the  bridge  of 
the  Seaboard  Air  Line  3  miles  east  of  Carlton,  Georgia,  and  3  miles 
above  the  mouth  of  the  South  Fork.  A  description  of  the  station  is 
given  in  Water-Supply  Paper  No.  36,  page  131.  The  gage  was  last 
verified  on  October  17,  1900.  Records  of  flow  for  1899  will  be  found 
in  the  Twenty-first  Annual  Report,  Part  IV,  page  132.  During  1900 
the  following  measurements  were  made  by  Max  Hall: 

February  16:  Gage  height,  4.25  feet;  discharge,  2,088  second-feet. 
March  80:  Gage  height,  3.80  feet;  discharge,  1,480  second-feet. 
May  3:  Qage  height,  4.49  feet;  discharge,  2,562  second-feet. 
October  17:  Gage  height,  2.22  feet;  discharge,  661  second-feet 
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Daily  gage  height,  in  feety  of  Broad  River  (of  Georgia)  near  Carlton,  Georgia, 

for  190(K 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

U 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 


Jan. 


2.40 
2.40 
2.40 
2.85 
2.35 
2.80 
2.80 
2.80 
2.80 
2.40 
2.90 
5.85 
4.90 
3.80 
2.95 
2.75 
2.65 
3.15 
3.60 
8.75 
70 
.85 
70 
2.60 
2.60 
2.45 
2.45 
2.40 
2.40 
2.86 
2.80 


3. 
2. 
2. 


Feb. 

Mar. 

Apr. 

May. 

June. 

2.80 

5.60 

8.10 

8.40 

2.60 

2.80 

4.90 

8.10 

3.20 

2.50 

2.80 

3.85 

3.00 

4.70 

2.80 

2.30 

8.80 

8.10 

3.90 

2.90 

3.80 

8.15 

3.00 

3.20 

2.90 

2.95 

3.00 

8.00 

3.10 

8.00 

2.70 

».00 

2.90 

3.00 

4.80 

2.65 

6.50 

2.80 

3.00 

7.70 

2.80 

6.80 

2.80 

2.90 

7.60 

4.00 

5.10 

2.70 

2.90 

8.80 

6.00 

3.80 

3.60 

2.90 

3.20 

10.50 

8.80 

3.90 

2.80 

3.10 

32.20 

3.20 

3.90 

2.80 

3.10 

16.90 

R.10 

3.80 

2.80 

3.80 

8.00 

8.00 

8.10 

2.70 

3.10 

4.30 

4.20 

3.00 

2.70 

3.60 

3.70 

3.80 

2.90 

2.70 

4.80 

3.80 

3.30 

3.90 

2.70 

6.60 

3.20 

3.10 

7.50 

3.00 

4.90 

3.10 

4.60 

6.70 

2.90 

8.60 

3.10 

4.10 

8.00 

2.70 

3.10 

3.80 

3.70 

12.20 

2.70 

8.00 

3.65 

3.40 

5.80 

2.70 

4.20 

3.20 

3.00 

6.50 

4.00 

13.  a) 

8.65 

4.70 

7.30 

3.20 

12.60 

3.60 

6.50 

5.10 

2.90 

7.00 

8.20 

5.80 

3.90 

2.80 

5.60 

3.00 

4.00 

3.70 

2.70 

4.60 

8.60 

8.50 

2.70 

4.00 

3.30 

3.60 

2.60 

4.60 

3.25 

2.60 

. 

July. 


3.50 
8.80 
8.40 
3.20 
3.00 
2.90 
2.80 
2.80 
2.80 
2.70 
2.60 
2.90 
8.05 
8.55 
8.00 
2.90 
80 
70 
,60 
2.60 
2.60 
2.60 
2.60 
8.00 
2.70 
2.90 
8.40 
8.70 
8.40 
8.80 
8.90 


2. 
2. 
2. 


Aug. 

Sept 

Oct. 

Nov. 

3.  TO 

2.80 

2.10 

2.40 

8.80 

2.60 

2.10 

2.40 

3.60 

2.50 

2.10 

6.50 

3.60 

2.30 

2.20 

8.60 

2.60 

2.20 

2.80 

2.80 

2.60 

2.20 

2.60 

2.60 

2.60 

2.10 

3.00 

2.60 

2.40 

2.10 

2.60 

2.40 

2.40 

2.10 

2.60 

2.40 

2.30 

2.10 

2.40 

2.40 

2.30 

2.10 

2.80 

2.40 

2.80 

2.00 

2.30 

2.40 

4.00 

2.00 

2.70 

2.30 

2.60 

2.10 

2.00 

2.80 

2.40 

5.50 

2.40 

2.30 

2.40 

5.00 

2.30 

2.30 

2.60 

4.00 

2.20 

2.80 

2.50 

2.80 

2.20 

2.30 

2.60 

2.60 

2.20 

2.40 

2.40 

2.40 

2.20 

2.40 

2.30 

2.30 

2.20 

2.40 

2.20 

2.30 

2.10 

2.60 

2.80 

2.30 

4.20 

2.40 

2.20 

2.30 

5.00 

2.40 

2.20 

2.20 

3.10 

8.60 

2.60 

2.20 

4^00 

3.60 

2.60. 

2.20 

3.80 

2.80 

2.20 

2.20 

8.10 

2.60 

2.20 

2.20 

2.70 

2.50 

2.90 

2.10 

2.60 

2.50 

2.20 

2.60 

Deo. 


2.40 
2.40 
2.40 
4.20 
5.00 
3.80 
3.20 
2.80 
2.70 
2.00 
2.60 
2.50 
2.60 
2.80 
2.60 
2.50 
2.40 
2.40 
2.40 
2.80 
3.80 
8.30 
3.00 
2.90 
2.80 
2.60 
2.50 
2.50 
2.50 
2.50 
8.80 


OCONBB   RIVER  NEAR  DUBLIN,    GEORGIA. 

This  station  was  established  by  the  United  States  Weather  Bureau 
in  18y4,  was  discontinued  on  April  30,  1897,  and  was  reestablished 
by  the  Georgia  geological  survey  on  February  11,  1898.  Since  Octo- 
ber 16,  1898,  the  station  has  been  maintained  by  the  United  States 
Weather  Bureau.  It  is  located  about  a  hair  mile  east  of  Dublin, 
Georgia,  and  is  described  in  Water-Supply  Paper  No.  36,  page  133. 
Records  of  measurement  will  be  found  as  follows:  For  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  170;  for  1899,  Twenty-first  Annual 
Report,  Part  IV,  page  136.  During  1900  the  following  measure- 
ments of  Oconee  River  at  Dublin  were  made  by  B.  M.  Hall  and  his 
assistants : 

April  12:  Gage  height,  4.25  feet;  discharge,  4,680  second-feet. 
December  7:  G«ge  height,  7.30  feet;  discharge,  7,991  second-feet. 
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Iknly  gage  height^  infeet^  of  Oconee  River  near  Dublin,  Oeargiaf  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.4 
2.1 
1.8 
1.7 
1.6 
1.6 
1.5 
1.4 
1.2 
1.4 
1.9 
2.4 
4.3 
5.4 
6.7 
4.9 
3.8 
2.9 
2.8 
3.2 
4.1 
4.7 
4.4 
8.9 
3.8 
2.9 
2.4 
2.2 
2.0 
1.8 
1.7 

1.7 
1.6 
1.6 
1.6 
1.8 
3.4 
8.7 
3.5 
3.1 

a5 

7.9 

10.2 

11.9 

16.4 

22.0 

24.4 

24.9 

24.1 

22.6 

20.0 

17.2 

14.0 

10.7 

9.1 

9.0 

8.7 

8.1 

7.4 

8.0 

9.6 

10.4 

11.0 

11.7 

11.0 

9.0 

6.6 

6.8 

7.0 

8.0 

8.5 

8.7 

8.0 

7.1 

6.4 

8.1 

8.7 

9.0 

9.1 

8.5 

7.4 

7.8 

8.3 

8.9 

9.5 

9.6 

9.8 

10.2 

10.4 

10.2 

8.8 

6.5 

6.3 

4.8 

4.5 

4.8 

4.2 

4.0 

3.7 

8.6 

3.3 

3.9 

5.0 

5.9 

6.3 

5.0 

4.1 

3.4 

6.1 

8.2 

11.1 

15.6 

16.9 

17.6 

17.3 

17.0 

17.1 

16.0 

13.6 

11.4 

8.3 
6.1 
6.9 
7.3 
7.5 
6.7 
6.4 
4.1 
3.9 
3.3 
3.0 
2.7 
2.5 
2.3 
2.2 
2.1 
2.0 
1.9 
2.1 
3.7 
5.6 
5.3 
3.6 
3.1 
3.6 
5.8 
5.0 
8.4 
8.0 
2.2 
1.9 

1.6 

1.4 

1.3 

1.2 

1.9 

2.8 

4.1 

6.0 

6.0 

6.2 

6.2 

6.7 

4.3 

3.0 

2.9 

6.0 

7.5 

8.3 

9.9 

10.3 

10.6 

10.2 

7.9 

8.0 

9.0 

9.9 

11.6 

16.7 

20.0 

20.8 

19.0 
16.9 
14.8 
12.7 
10.1 
8.5 
8.0 
6.5 
8.9 
3.2 
2.6 
2.8 
6.6 
6.1 
6.5 
4.7 
4.1 
2.8 
2.3 
2.0 
1.8 
1.5 
1.2 
1.0 
2.4 
3.1 
2.1 
1.7 
1.7 
5.9 
5.2 

4.7 

5.0 

3.7 

2.9 

2.6 

1.9 

1.6 

1.6 

1.5 

1.3 

.7 

.4 

.2 

.1 

.3 

1.1 

.8 

.6 

.5 

.3 

.1 

.5 

.5 

.4 

.8 

1.3 

.9 

.7 

.5 

.5 

.8 

0.8 

u 

1.'2 
.5 
.4 
.2 
.2 
.0 

-  .2 

-  .8 

-  .1 

-  .1 
.4 

4.8 

5.8 

6.0 

8.5 

1.9 

1.3 

.7 

.4 

.3 

.3 

.3 

.2 

.2 

0.0 

-0.1 
.3 

-  .3 

-  .2 
.0 
.8 

1.2 

.9 

1.1 

1.2 

1.0 

.8 

.6 

.7 

.6 

.6 

.6 

.5 

.2 

.1 

.1 

.0 

.0 

.7 

8.7 

5.6 

5.5 

8.0 

2.1 

1.9 

1.3 

1.0 

.9 

3.7 

4.7 

5.6 

6.5 

6.6 

4.8 

3.9 

2.6 

1.8 

1.3 

1.2 

1.0 

1.0 

.9 

.8 

.7 

.9 

.7 

.7 

1.1 

1.2 

.8 

.8 

.7 

1.7 

3.6 

6.3 

3.4 

2.8 

2 

1.8 

3 

1.6 

4 

5 

1.8 
8.2 

6 

6.4 

7 

7.2 

8 

7.6 

9 

6.8 

10 

4.5 

U 

12 

3.3 

2.7 

18 

2.3 

U 

2.3 

15 

5.2 

16 

6.7 

17 

8.1 

18 

8.4 

19 

6.4 

90 

4.2 

a 

22 

4.6 
6.8 

28 

7.7 

2i 

25 

8.0 
8.2 

26 

6.5 

27 

4.8 

28 

8.8 

29 

8.4 

80 

3.3 

31 

8.4 

YBLLOW  RIVBR  AT  ALMON,   GBORQIA. 

This  Station,  which  was  established  September  12, 1897,  is  described 
in  Water-Supply  Paper  No.  36,  page  134.  During  the  year  1900  the 
bridge  was  washed  away  and  a  new  bridge  was  built,  but  the  gage 
was  preserved  and  a  new  gage  was  referred  to  the  same  datum.  It  is 
attached  to  the  post  of  a  bridge  bent  near  the  left  bank,  and  is  referred 
to  a  bench  mark  on  a  sycamore  tree  on  the  left  bank  40  yards  above 
the  bridge,  a  railroad  spike  in  the  tree  being  7  feet  above  the  zero  of 
the  gage.  The  gage  was  verified  December  22,  1900.  Records  of 
measurements  at  this  station  during  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  137.  During  1900  the  following 
measurements  of  the  discharge  at  Almon  were  made  by  B.  M.  Hall 
and  his  assistants : 

April  19:  Gktge  height,  9  feet;  discharge,  8,295  secoad-feet. 
Noyember  80:  Gage  height,  2.40  feet;  discharge,  841  second-feet. 
December  22:  G^age  height,  4.50  feet;  discharge,  966  seoond-feet. 
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OPEBATIONS    AT   RIVER  STATIONS,  1900. PART   n.        [no.  48. 


Daily  gage  height,  in  feet,  of  Yellow  River  at  Almon,  Oeorgia,  for  1900. 


Day. 


1 

9 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

20 

80 

81 


Jan. 


2.1 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.8 
2.9 
4.4 
8.5 
8.0 
2.5 
2.5 
2.4 
3.4 
4.0 
4.8 
8.0 
3.0 
2.8 
2.6 
2.5 
2.4 
2.8 
2.2 
2.1 
2.0 
2.0 


Feb. 


2.0 
2.0 
2.0 
2.0 
2.5 
2.7 
2.5 
2.5 
3.5 
5.7 
5.9 
15.0 
20.0 
15.0 
7.0 
5.0 
4.9 
4.7 
3.6 
4.7 
3.9 
3.8 
8.7 
8.7 
8.7 
8.8 
8.8 
8.8 


Mar. 


4.5 
4.5 
8.5 
3.4 
3.2 
8.0 
3.0 
4.7 
10.0 
6.0 
4.0 
8.8 
8.6 
3.4 
3.3 
3.8 
3.4 
8.0 
8.4 
5.0 
4.8 
3.7 
3.4 
3.7 
5.5 
8.0 
6.0 
4.4 
4.0 
3.5 
3.2 


Apr. 


8.1 
3.0 
8.0 
3.0 
8.0 
3.0 
2.9 
2.9 
2.9 
2.9 
3.9 
4.7 
4.0 
3.4 
8.0 
2.0 
3.0 
8.0 
9.0 
6.8 
12.0 
10.0 
6.0 
7.2 
12.0 
6.8 
6.0 
5.8 
5.4 
4.8 


May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

3.7 

2.4 

4.0 

3.4 

3.0 

2.0 

2.0 

8.8 

2.4 

5.0 

2.7 

3.0 

2.0 

2.0 

7.2 

2.4 

5.0 

2.5 

2.5 

2.0 

2.0 

6.9 

2.4 

4.7 

2.3 

2.3 

2.5 

4.3 

4.0 

3.4 

4.0 

2.3 

2.1 

2.5 

4.0 

3.6 

4.0 

3.5 

2.2 

2.1 

2.8 

8.0 

3.4 

3.4 

8.0 

2.1 

2.0 

3.5 

2.5 

3.2 

6.7 

8.0 

2.0 

2.0 

4.0 

2.0 

3.1 

4.4 

3.0 

2.0 

2.0 

3.0 

2.0 

8.0 

3.3 

8.0 

2.0 

2.0 

2.7 

2.0 

8.0 

3.1 

3.0 

1.9 

2.0 

2.4 

2.0 

3.0 

2.9 

3.0 

1.9 

2.0 

2.4 

2.0 

2.9 

2.8 

3.0 

1.9 

2.0 

2.4 

2.0 

2.8 

8.2 

3.0 

1.9 

8.0 

2.3 

2.0 

2.8 

8.0 

8.0 

2.5 

8.0 

2.3 

2.0 

2.8 

4.0 

2.8 

2.3 

7.0 

2.2 

2.0 

2.8 

6.0 

2.7 

2.2 

4.0 

2.1 

2.0 

2.7 

5.0 

2.6 

2.0 

8.0 

2.0 

2.0 

3.5 

4.0 

2.5 

2.0 

2.5 

2.0 

2.0 

2.8 

3.5 

2.0 

2.0 

2.0 

2.0 

2.0 

2.8 

3.2 

2.0 

2.0 

2.0 

2.0 

2.0 

2.6 

3.0 

2.0 

2.5 

2.0 

2.0 

2.0 

2.6 

7.5 

2.0 

2.5 

2.0 

3.0 

2.0 

4.0 

11.0 

2.0 

2.4 

2.0 

3.0 

2.0 

8.0 

U.O 

2.5 

2.3 

2.0. 

2.5 

2.0 

2.8 

12.0 

2.0 

2.0 

2.0 

2.3 

4.5 

2.6 

9.0 

8.0 

2.0 

2.0 

2.0 

3.5 

2.4 

9.5 

8.5 

2.0 

2.0 

2.0 

2.5 

2.4 

6.3 

3.5 

2.0 

2.0 

2.0 

2.4 

2.4 

6.0 

5.0 

2.0 

2.0 

2.0 

2.4 

2.4 

4.0 

5.0 

2.0 

Dec. 


2.4 
2.8 
2.3 
7.5 
7.0 
6.0 
3.5 
3.0 
2.9 
2.8 
2.8 
2.9 
2.7 
4.0 
8.5 
3.2 
8.0 
2.8 
2.8 
5.0 
6.5 
4.6 
8.5 
3.5 
8.6 
8.0 
8.0 
2.9 
2.0 
4.0 
7.5 


TOWALIGA  RIVER  NEAR  JULIETTE,  GEORGIA. 

This  station  was  established  on  the  Southern  Railway  bridge  2^ 
miles  north  of  Juliette,  Georgia,  May  5,  1899,  but  observations  of 
gage  heights  were  not  started  until  November  2, 1899.  A  description 
of  the  station  will  be  found  in  Water-Supply  Paper  No.  36,  page 
136.  Bench  mark  No.  1  is  an  iron  girder  40  feet  from  the  left  end  of 
the  bridge  and  is  37.30  feet  above  gage  datum.  W.  L.  Jackson,  a 
farmer  living  near  the  station  (post-office  address,  Berner,  Georgia), 
is  the  observer.  Records  of  measurements  made  during  1899  will  be 
found  in  Water-Supply  Paper  No.  36,  page  136.  During  1900  the 
following  measurements  were  made  by  B.  M.  Hall  and  his  assistants: 

February  17:  Gage  height,  6.85  feet;  discharge,  1,025  second-feet. 
April  8:  Gage  height,  2.60  feet;  discharge,  848  second-feet. 
December  8:  Gage  height,  2.75  feet;  discharge,  468  second-feet. 
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Daily  gage  height^  in  feet  ^  of  TotoaHga  River  near  Juliette^  Oeorgia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept 

Oct 

Not. 

Dec. 

1 

2.2 
2.2 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.7 
2.8 
2.8 
2.2 
2.1 
2.0 
2.1 
2.8 

a2 

2.9 

2.5 

2.8 

2.2. 

2.2 

2.1 

2.0 

2.1 

2.0 

2.0 

8.1 

2.0 
1.9 
1.9 
2.1 
2.7 
2.6 
2.8 
1.4 
2.4 
7.8 
11.8 
14.1 
14.8 
16.8 
16.8 
8.8 
4.8 
8.8 
8.8 
8.2 
2.4 
4.0 
8.8 
2.9 
2.4 
8.0 
2.9 
2.4 

2.9 
4.8 
8.1 
2.8 
2.4 
2.4 
1.4 
2.9 
8.4 
2.8 
2.8 
1.8 
2.0 
1.1 
1.0 
4.0 
8.1 
2.8 
l.l 

a8 

8.1 
2.8 
2.2 
2.7 
8.4 
4.0 
8.6 
2.8 
2.4 
2.4 
2.1 

1.8 
1.6 
2.6 
2.8 
2.6 
2.5 
2.7 
2.6 
2.5 
2.5 
8.4 
5.7 
4.0 
3.9 
2.8 
2.7 
2.7 
12.8 
17.8 
14.8 
7.8 
12.8 
5.5 
4.8 
4.1 
8.6 
8.4 
8.2 
8.8 
8.2 

8.1 
8.6 
4.9 
8.8 
8.1 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.8 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.8 
2.9 
2.5 
2.4 
2.4 
2.2 
2.1 
2.1 

2.0 
2.1 
2.1 
8.7 
2.9 
2.5 
8.2 
6.2 
2.4 
2.6 
2.9 
2.8 
2.8 
2.4 
2.8 
2.9 
8.8 
8.8 
4.1 
5.2 
2.2 
1.9 
2.2 
9.8 
10.8 
8.8 
6.8 
6.6 
6.2 
4.2 

4.0 
4.0 
8.5 
8.5 
4.1 
8.6 
8.8 
4.2 
4.0 
4.0 
8.8 
8.7 
4.4 
8.7 
2.2 
2.0 
1.8 
1.0 
1.0 
1.0 
1.0 
1.5 
1.5 
2.2 
1.9 
1.6 
2.4 
2.5 
4.0 
5.1 
8.4 

2.2 
2.2 
1.7 
1.7 
2.8 
1.7 
1.5 
1.8 
1.8 
1.2 
1.2 
1.1 
1.8 
1.0 
1.7 
1.5 
1.8 
1.9 
1.8 
1.2 
1.1 
0.8 
0.9 
2.1 
8.0 
4.8 
2.6 
1.5 
1.2 
1.6 
5.5 

4.5 
1.5 
1.9 
1.6 
1.5 
1.8 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.4 
8.0 
6.4 
4.2 
3.1 
2.9 
2.0 
1.4 
1.8 
1.2 
1.8 
1.8 
1.2 
1.2 
1.1 
1.1 
0.8 

0.9 
1.0 
1.4 
2,1 
8.4 
8.6 
8.9 
8.8 
1.7 
1.5 
1.6 
1.6 
1.7 
1.7 
1.5 
1.4 
1.8 
1.1 
1.1 
1.1 
1.1 
1.1 
2.4 
8.6 
8.5 
2.9 
2.1 
1.5 
1.8 
1.2 
1.2 

1.8 
2.0 
8.2 
7.0 
6.4 
8.5 
2.2 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
2.0 
1.9 
1.8 
1.8 
1.9 
1.9 
2.5 
4.4 
8.1 
2.4 
2.8 
1.9 

1.9 

2 

1.9 

8 

4.7 

4 

5 

6 

4.0 
8.4 
8.0 

7 

8.0 

8 .*. 

9 

2.4 
2.4 

10 

2.8 

11 

2.0 

12 

2.0 

18 

2.8 

14 

9.0 

15 

7.4 

16 

4.0 

17 

8.6 

18 

8.0 

19 

2.6 

20 

6.4 

21 

7.5 

28 

5.6 

28 

8.5 

24 

8.6 

25 

86 

2.8 
2.7 

2.6 

28 

2.5 

29 

2.8 

ao 

8.4 

31 

4.3 

OCMTJLGBE  RIVER  AT  MACON,  QBORGIA. 

This  station  was  established  by  the  United  States  Weather  Bureau 
January  21, 1893,  and  measurements  were  begun  by  the  United  States 
Geological  Survey  in  1896.  The  station  is  described  in  Water-Supply 
Paper  No.  36,  page  136.  During  the  year  1900  Mr.  T.  S.  Collins,  of 
the  United  States  Weather  Bureau,  put  in  a  new  gage  on  the  center 
pier  of  the  bridge  on  which  the  old  gage  was  placed,  and  referred  it  to 
the  same  datum  as  the  old  gage.  The  old  gage  is  stiU  in  place,  is  in 
good  condition,  and  is  still  used  except  during  low  water,  when  mud 
accumulates  around  its  base  at  a  higher  level  than  the  river.  The 
new  gage  was  put  in  to  save  cleaning  away  the  mud  from  the  bottom 
of  the  old  gage.  Records  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  139.  During  1900  the 
following  measurements  were  made  by  B.  M.  Hall  and  his  assistants: 

April  18:  Gage  height,  7.38  feet;  diacharge,  4,855  seoond-feet. 
November  20:  Qage  height,  2.40  feet:  discharge,  1,869  second-feet. 
December  6:  Gage  height,  8.65  feet;  discharge,  5,698  second-feet. 
December  21:  Gage  height,  12.82  feet;  discharge,  9,621  second-feet. 
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Daily  gage  height,  in  feet ,  of  Ocmulgee  Biver  at  Maeorif  (Georgia,  for  1900, 


Day. 

Jan. 

1 

1.6 
1.5 
1.2 
1.2 
1.2 
1.6 
1.4 
1.4 
1.8 
1.3 
1.9 
2.9 
4.2 
8.7 
2.6 
2.2 
2.0 
2.0 
2.9 
8.8 
4.6 
3.9 
8.1 
2.7 
2.5 
2.2 
2.0 
2.0 
1.9 
1.7 
1.6 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11.. 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

30 

81 

Feb. 


1.6 

1.5 

1.5 

1.5 

2.8 

2.9 

2.6 

2.8 

8.2 

8.8 

16.1 

18.7 

19.0 

21.7 

19.5 

15.5 

11.4 

8.5 

7.4 

6.8 

8.2 

8.9 

7.7 

6.4 

7.8 

6.5 

5.9 

5.5 


Mar.' 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

9.2 

5.2 

6.1 

2.9 

9.6 

6.1 

10.5 

1.8 

2.0 

2.7 

9.4 

4.9 

7.8 

2.9 

8.8 

4.4 

5.8 

1.8 

3.2 

2.6 

7.7 

4.8 

8.6 

8.2 

18.8 

4.2 

5.0 

1.7 

2.8 

2.5 

6.2 

4.6 

8.0 

8.8 

11.2 

8.7 

8.5 

2.2 

12.3 

8.4 

5.8 

4.5 

7.8 

4.6 

8.8 

3.4 

2.7 

4.1 

8.2 

11.6 

5.5 

4.5 

6.4 

6.4 

6.4 

8.1 

2.5 

8.6 

4.9 

9.3 

5.8 

4.8 

5.6 

8.0 

5.5 

8.0 

2.4 

5.0 

8.6 

6.4 

7.0 

4.8 

4.4 

8.9 

4.9 

2.8 

2.1 

4.6 

8.2 

4.8 

7.8 

4.1 

4.1 

7.7 

5.0 

2.6 

2.2 

2.7 

2.8 

4.2 

9.7 

4.1 

4.1 

6.6 

4.5 

2.5 

2.1 

8.2 

2.6 

8.7 

8.1 

4.8 

4.1 

6.5 

4.8 

2.4 

2.0 

2.6 

2.5 

8.3 

6.4 

7.0 

4.0 

5.2 

4.8 

2.8 

2.0 

2.5 

2.4 

8.2 

5.8 

7.6 

8.9 

8.8 

5.3 

2.4 

1.8 

2.4 

2.8 

8.0 

5.8 

6.1 

8.8 

8.7 

4.9 

2.6 

1.7 

2.7 

2.2 

8.5 

5.8 

5.3 

8.6 

8.2 

4.5 

2.4 

4.7 

2.6 

2.2 

1)3.5 

10.4 

4.8 

8.4 

8.6 

4.0 

2.4 

18.8 

2.4 

2.2 

8.5 

7.8 

4.8 

3.4 

8.8 

8.9 

2.6 

10.5 

2.2 

2.1 

4.6 

5.8 

5.0 

8.8 

10.9 

3.7 

2.7 

6.0 

2.1 

2.1 

4.4 

5.2 

18.0 

4.1 

11.2 

8.5 

2.7 

4.0 

2.0 

2.1 

8.9 

8.0 

15.6 

4.0 

8.0 

8.5 

2.6 

8.8 

1.9 

2.0 

4.0 

7.7 

18.9 

8.7 

5.8 

8.4 

2.4 

2.7 

1.9 

2.4 

12.8 

6.6 

16.0 

3.5 

4.0 

8.8 

2.8 

2.5 

1.9 

2.4 

12.1 

5.6 

13.9 

3.8 

4.0 

8.4 

2.2 

2.4 

2.1 

2.5 

8.  ii 

7.8 

18.2 

4.6 

16.0 

8.9 

8.6 

2.3 

8.8 

2.7 

6..') 

7.9 

18.0 

4.8 

20.2 

3.4 

4.1 

2.3 

4.2 

2.5 

5.5 

10.5 

12.4 

4.2 

20.0 

8.8 

4.8 

2.2 

8.7 

7.1 

4.8 

10.9 

9.8 

8.8 

16.4 

4.2 

8.8 

2.0 

2.9 

6.5 

4.1 

7.8 

7.6 

8.8 

14.0 

4.5 

2.7 

2.0 

2.5 

4.8 

8.9 

7.4 

7.0 

8.1 

12.7 

5.6 

2.4 

2.0 

2.4 

8.2 

8.7 

6.6 

6.8 

8.0 

10.4 

6.8 

2.8 

1.9 

2.8 

2.9 

8.8 

5.8 

2.9 

8.0 

8.8 

2.1 

7.6 

FLINT  RIVER  AT  ALBANY,  GEORGIA. 

This  station,  which  is  described  in  Water-Supply  Paper  No.  36, 
page  138,  was  originally  established  by  the  United  States  Weather 
Bureau  on  April  10,  1893,  and  has  been  maintained  from  that  date  to 
the  present  time.  In  1898  the  gage  was  washed  out  by  a  freshet,  but 
soon  afterwards  it  was  replaced.  The  present  rod  is  located  at  the 
foot  of  Broad  street,  just  below  the  county  bridge.  It  is  a  pine  board, 
and  is  in  two  sections.  The  first  section,  which  reads  from  0  to  18.6 
feet,  is  spiked  to  a  cypress  stump  which  stands  at  the  edge  of  the 
water;  the  second  section,  which  reads  from  18.7  feet  to  30  feet,  is 
spiked  to  a  cypress  pole.  The  bench  marks  are  as  follows:  (1)  The 
top  of  the  rail  at  the  railroad  station  of  the  Plant  System,  being  42.2 
feet  above  the  zero  of  the  gage  and  184  feet  above  mean  sea  level, 
making  the  elevation  of  the  zero  of  the  rod  141.8  feet  above  sea  level; 
(2)  a  cut  in  the  lower  iron  pier  of  the  county  bridge  10  feet  above 
gage  datum  and  151.8  feet  above  mean  sea  level;  and  (3)  a  spike  in 
the  comer  of  Mase  &>  Company's  warehouse,  comer  of  Broad  and  Front 
streets,  53.8  feet  above  gage  datum.  The  highest  water  recorded 
was  on  March  25, 1897,  when  the  height  of  31.6  feet  was  reached,  and 
the  lowest  point  recorded  since  the  commencement  of  the  record 
was  on  October  9, 1895,  when  the  reading  was  —0.9  foot.  The  danger 
line  is  at  20  feet.  Discharge  measurements  are  made  at  the  county 
highway  bridge  in  Albany,  a  steel  structure  in  two  spans  of  130  feet 
each,  with  two  approaches  of  315  and  205  feet,  respectively. 
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Kinchat'cMmee  and  Muckalee  creeks  are  two  important  tributaries 
of  Flint  River.  They  unite  about  2  miles  north  of  Albany,  forming 
Big  Muckalee  Creek,  which  enters  Flint  River  on  the  west  side  within 
the  city  limits.  There  is  a  wagon  bridge  over  the  Kinchafoonee 
about  1  mile  above  its  junction  with  the  Muckalee,  and  a  similar 
bridge  on  the  Muckalee  If  miles  above  its  mouth  and  about  300  yards 
below  the  mouth  of  the  Kinchafoonee.  Measurements  will  be  made 
at  these  bridges  whenever  Flint  River  is  measured  at  Albany.  No 
discharge  measurements  were  made  at  this  point  during  1900  or  in 
previous  years,  but  measurements  will  be  made  during  1901. 


Daily  gage  height ^  in  feet ^  of  Flint  River  at  Albany^  Georgia,  for  1900, 


Day. 


1.. 
I.! 

4.. 

I;: 

7.. 

8.. 

9.. 
10.. 
11... 
12.. 
13.. 

16.. 
16.. 
17.. 

19... 
20... 
21... 
28.. 
23.. 
24.. 
25.. 
26.. 
27... 
28... 
29.. 
30... 
31... 


Jan. 

Feb. 

Mar. 

Apr. 

4.7 

1.8 

9.1 

11.1 

4.3 

1.9 

9.2 

10.0 

8.0 

2.8 

9.8 

9.1 

8.8 

2.3 

9.5 

8.8 

2.9 

2.6 

9.6 

7.2 

2.6 

2.9 

9.8 

6,1 

2.3 

3.4 

9.2 

5.9 

1.7 

3.8 

8.9 

5.4 

1.8 

4.8 

9.1 

4.7 

1.2 

6.4 

9.2 

4.3 

1.2 

9.8 

9.1 

4.3 

1.7 

14.3 

9.0 

4.3 

2.3 

18.1 

8.9 

4.5 

2.8 

20.0 

8.9 

4.7 

3.3 

21.3 

9.7 

4.9 

8.1 

22.4 

10.5 

5.4 

2.9 

26.2 

10.8 

5.9 

2.8 

29.0 

11.2 

7.8 

2.8 

29.0 

11.2 

8.6 

2.9 

28.1 

12.1 

10.7 

8.0 

26.4 

12.2 

11.2 

8.8 

23.1 

12.1 

12.1 

8.4 

21.0 

12.1 

13.6 

8.7 

17.2 

12.2 

14.8 

8.5 

18.8 

12.2 

14.9 

8.1 

11.2 

16.8 

15.2 

2.5 

9.0 

16.9 

12.1 

2.2 

9.0 

16.0 

11.3 

2.0 

15.1 

9.0 

1.9 

13.4 

8.9 

1.8 

11.6 

9.4 
10.2 
11.1 
11. 0 
10.3 
9.7 
6.2 
4.7 
3.8 
3.9 
4.5 
4.9 
5.2 
5.2 
5.1 
4.6 
4.1 
3.8 
3. 
2. 
2. 
2. 
2. 
1. 


June. 


1.1 
1.3 
1.3 
1.2 
1.4 
1.7 
2.1 
2.5 
2.9 
3.5 
3.5 
3.6 
3.8 
4.3 
8.4 
2.0 


4 
.0 
,0 

9 


1.7 
1.4 
1.3 
1.2 
1.2 
1.0 
1.0 


1 
4 
4 
4 

,5 

,8 
9 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
3.3 
3.9 
4.2 
5.3 
7.5 
8.2 
12.5 


July. 


15.8 
16.0 
16.0 
15.2 
13.0 
10.3 
2.0 
6.1 
5.3 
4.9 
4.0 
3.8 
4.4 
4.9 
5.0 
5.4 
5.8 
4.6 
3.1 
2.4 
1.6 
1.4 
1.5 
1.6 
1.4 
1.7 
1.6 
1.9 
2.7 
2.9 
3.9 


Aug. 

Sept. 

Oct. 
0.9 

Nov. 

Deo. 

4.2 

1.3 

3.0 

2.5 

4.2 

1.6 

1.0 

3.4 

1.9 

8.8 

1.9 

1.0 

3.7 

1.8 

8.4 

2.4 

1.2 

8.9 

2.8 

2.8 

2.9 

1.6 

4.6 

2.7 

2.2 

3.4 

1.9 

5.7 

2.9 

1.6 

3.7 

2.1 

4.8 

8.4 

1.0 

8.7 

2.9 

4.9 

8.8 

.8 

8.8 

3.1 

5.6 

4.1 

1.2 

3.6 

8.1 

8.7 

4.7 

1.0 

8.7 

8.1 

2.9 

5.2 

.8 

3.6 

8.7 

2.1 

6.1 

.8 

3.7 

3.9 

1.7 

6.9 

.8 

3.9 

4.1 

1.8 

7.1 

.9 

4.3 

4.5 

1.2 

7.1 

.8 

4.6 

4.2 

1.2 

7.4 

1.0 

4.6 

4.2 

1.1 

7.4 

1.2 

4.6 

4.3 

.9 

7.8 

1.2 

4.8 

4.8 

.9 

8.2 

1.3 

4.1 

4.2 

.9 

8.5 

1.4 

8.7 

4.8 

1.0 

8.9 

1.2 

3.5 

4.8 

1.8 

8.9 

1.0 

3.5 

4.4 

1.4 

9.1 

.9 

8.1 

4.5 

1.5 

9.0 

.9 

2.7 

4.2 

1.7 

9.0 

.9 

2.3 

4.0 

2.2 

8.7 

.8 

1.1 

8.7 

2.4 

8.6 

.8 

1.0 

8.6 

2.7 

8.4 

.9 

1.0 

&4 

2,7 

8.9 

.9 

.9 

3.2 

2.8 

9.4 

1.1 

8.1 

■    ~    ■   •   V  B     a 

10.8 

FLINT  RIVER  AT   WOODBURY,    GEORGIA. 

Measurements  of  the  flow  of  Flint  River  were  made  during  1897  and 

1898  at  Molina,  Georgia,  but  the  river  bed  was  so  shifting  that  the 
station  was  discontinued  on  June  2,  1898.  Records  of  the  measure- 
ments made  at  Molina  will  be  found  as  follows:  For  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  234;  for  1898,  Twentieth  Annual  Re- 
port, Part  IV,  page  233.  A  gage  has  been  maintained  at  Albany, 
Georgia,  by  the  United  States  Weather  Bureau,  as  described  in  Water- 
Snpply  Paper  No.  36,  page  138.     Two  measurements  were  made  in 

1899  at  the  Macon  and  Birmingham  bridge  near  Woodbury,  Georgia, 
5  miles  below  the  Molina  station.  On  March  29, 1900,  a  gage  was  put 
in  near  this  bridge,  and  the  station  was  reestablished.  The  gage  is  a 
vertical  rod  fastened  to  a  willow  tree  on  the  left  bank  of  the  river 
about  300  feet  above  the  bridge,  and  is  referred  to  the  bench  mark 
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(the  top  of  the  iron  girder  under  the  cross-ties  at  a  point  12  feet  to  the 
left  of  the  center  pier),  which  is  27  feet  above  the  zero  of  the  gage, 
the  zero  of  the  gage  being  659.6  feet  above  sea  leveL  This  gage  was 
maintained  by  the  Georgia  geological  survey  until  November  1, 1900, 
when  it  was  adopted  by  the  United  States  Weather  Bureau  as  a  half- 
year  station,  instead  of  the  one  at  Reynolds,  Greorgia.  During  1900 
the  following  measurements  were  made  by  B.  M.  Hall  and  his  assistants : 

March  29:  Gage  height,  2.20  feet;  discharge,  2,829  second-feet. 
May  2:  Gage  height,  2.85  feet;  discharge,  3,220  second-feet. 
December  12:  Qsge  height,  0.85  foot;  discharge,  998  second-feet. 
December  21:  Gage  height,  4.85  feet;  discharge,  5,428  second-feet. 

IJaily  gage  height ^  in  feet,  of  Flint  River  at  Woodbury,  Georgia,  for  1900, 


Day. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

2.9 
2.8 
4.5 
4.3 
3.7 
2.4 
1.8 
1.4 
1.1 
1.0 
.9 
1.6 
1.6 
1.6 
1.3 
1.0 

:? 

.6 

.6 

.8 

.6 

.6 

1.1 

.8 

1.0 

1.2 

1.2 

1.6 

2.4 

3.0 

Aug. 

2.6 
1.7 
1.2 
l.O 
1.2 
.8 
.6 
.5 
.4 
.4 
.3 
.8 
.7 
.4 
.8 
.4 
.4 
.6 
.4 
.8 
.8 
.2 
.1 
.2 
.1 
.3 
.3 
.2 
.2 
.3 
.4 

Sept. 

0.4 

.7 

.6 

.4 

.3 

.2 

.2 

.2 

.1 

.1 

.2 

.2 

.1 

.1 

1.8 

1.6 

1.6 

1.8 

1.1 

.8 

.4 

.8 

:l 

.3 
.2 
.2 
.2 
.2 
.1 

Oct. 

Nov. 

0.4 
L2 
2.0 
8.8 
2.8 
1.8 
1.0 
.8 

.6 
.6 
.6 
.5 
.6 
.4 
.6 
.6 
.6 
.6 
.6 
.7 
.6 
.7 
.7 
1.6 
1.6 
1.2 
1.0 
.8 

Dea 

1 

1.8 
1.2 
1.2 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.2 
1.3 
2.1 
2.4 
2.1 
1.6 
1.4 
1.2 
2.0 
4.6 
6.2 
6.8 
6.0 
2.8 
2.6 
2.4 
2.2 
1.9 
1.7 
1.6 
1.2 

1.9 

1.6 

1.3 

1.4 

1.2 

1.0 

.9 

.8 

.7 

.8 

:? 

.7 
.6 
.6 
.6 
.6 
.6 
1.0 

:? 

.6 

.6 

1.0 

1.6 

1.3 

.9 

.7 

.6 

.6 

0.6 
.6 
.6 
1.0 
1.4 
1.6 
1.6 
1.4 
1.8 
1.8 
1.6 
1.0 
.7 
.6 
.6 
1.0 
4.1 
4.0 
3.8 
6.0 
6.0 
2.4 
2.0 
9.0 
8.6 
8.0 
7.0 
6.9 
6.1 
4.1 

0.2 

.1 

.2 

.6 

1.5 

1.8 

1.2 

1.0 

1.8 

.7 

.6 

!8 
.2 
.2 
.3 
.8 

lio 

1.1 

1         •* 
'.Z 

0.7 

2 

.6 

8 

.5 

4 

1.8 

6 

2.3 

6 

2.1 

7 

1.8 

8 

1.4 

9 

1.8 

10 

1.0 

11 

.9 

12 

.8 

13 

.8 

U 

2.4 

16 

8.3 

16 

2-7 

17 

2.1 

18 

1.6 

19 

1.3 

20 

2.1 

21 

4.8 

22 

8.9 

28 

8.3 

24 

2.8 

26 

2.1 

26 

1.7 

27 

1.4 

28 

1.3 

29 

2.2 
1.9 

1.6 

1.2 

80 

1.3 

81 

2.2 

CHATTAHOOCHEE   RIVER  AT  OAKDALE,  GEORGIA. 

Two  gaging  stations  are  maintained  on  Chattahoochee  River,  one 
at  Oakdale,  8  miles  northwest  of  Atlanta,  and  the  other  at  West 
Point,  Georgia,  where  the  river  reaches  the  Alabama  State  line.  The 
station  at  Oakdale  was  established  October  17,  1895,  and  is  described 
in  Water-Supply  Paper  No.  36,  page  139.  The  results  of  measure- 
ments during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  lY,  page  140.  During  1900  the  following  measurements  were 
made  by  B.  M.  Hall  and  his  assistants: 

January  4:  Gkige  height,  1.58  feet;  dlBcharge,  1,7S4  seoond-feet 
March  27:  Gage  height,  5.85  feet;  discharge,  5,604  second-feet. 
July  6:  Gkige  height,  4  feet;  discharge,  8,886  second-feet. 
September  12:  Gage  height,  1.08  feet;  discharge,  1,456  second-feet. 
Noyember  29:  Gtage  height,  2.82  feet;  discharge,  2,884  seoond-feet. 
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DaQy  ffoge  height,  in  feet,  of  Chattahoochee  River  at  OakdcUe,  Georgia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Mat. 

Jnne. 

Jnly. 

Aug. 

Sept 

Oct. 

Nov. 

Dea 

1 

1.0 
.7 
.5 
.6 
.0 
1.2 
1.3 
1.3 
1.2 
1.1 
2.0 
3.0 
3.0 
2.8 
2.2 
1.9 
1.7 
1.8 
2.9 
4.0 
6.8 
4.8 
2.0 
3.0 
2.6 
1.9 
1.7 
1.6 

i:5 

1.8 

1.0 
1.0 
.9 
.9 
2.9 
3.6 
2.2 
1.9 
3.8 
4.3 
7.4 
8.0 
15.5 
20.7 
16.4 
6.0 
4.8 
8.8 
3.5 
8.1 
3.0 
4.2 
4.8 
3.8 
4.1 
4.0 
3.8 
8.0 

4.5 
6.9 
4.8 
8.6 
8.8 
3.1 
8.0 
8.8 
7.9 
6.9 
5.5 
4.0 
8.1 
8.2 
8.0 
5.0 
8.6 
8.0 
4.5 
5.9 
6.6 
4.8 
4.1 
8.5 
7.7 
7.5 
6.0 
4.5 
4.0 
8.8 
8.5 

8.4 
8.1 
8.0 
2.7 
2.7 
2.8 
2.8 
2.7 
2.7 
2.6 
8.0 
6.4 
5.4 
4.2 
8.8 
3.8 
4.0 
6.9 
9.0 
7.8 
6.8 
7.0 
6.8 
13.6 
7.5 
6.0 
5.5 
5.0 
5.0 
5.0 

5.0 
4.8 
4.5 
4.0 
8.9 
3.0 
3.0 
3.0 
2.9 
2.9 
2.8 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
3.5 
8.7 
8.0 
8.1 
8.2 
8.7 
8.9 
8.7 
8.5 
3.4 
8.2 
3.0 
2.5 
2.4 

8.0 
8.7 
4.0 
4.7 
4.0 
3.8 
4.7 
9.7 
10.5 
8.0 
5.0 
4.0 
4.5 
4.0 
8.5 
8.0 
8.5 
4.5 
6.0 
6.5 
8.0 
9.0 
18.6 
18.0 
17.5 
11.4 
10.5 
7.5 
6.0 
5.5 

5.0 
4.5 
6.0 
7.5 
7.0 
6.5 
6.4 
6.0 
5.8 
5.7 
5.6 
5.4 
5.2 
5.0 
4.5 
4.4 
4.3 
4.2 
4.1 
4.0 
8.9 
8.8 
3.7 
8.7 
4.0 
5.0 
6.0 
6.5 
7.4 
10.0 
6.0 

5.0 
4.5 
4.0 
4.0 
4.0 
3.5 
3.5 
8.5 
3.0 
3.0 
3.0 
8.0 
8.0 
8.0 
3.0 
2.7 
8.0 
4.0 
3.5 
8.5 
8.0 
8.0 
8.0 
8.0 
2.7 
2.7 
2.6 
2.5 
3.0 
8.0 
2.7 

2.0 
2.0 
2.0 
1.9 
1.7 
1.8 
1.8 
1.8 
1.7 
1.7 
1.5 
1.5 
4.8 
8.4 
10.2 
8.2 
6.0 
3.1 
8.0 
2.8 
2.8 
2.7 
2.5 
2.8 
2.8 
2.0 
2.0 
1.8 
1.5 
1.5 

2.1 
2.1 
2.1 
8.0 
8.4 
3.8 
4.0 
4.0 
8.9 
8.5 
8.5 
8.9 
4.8 
4.2 
4.0 
8.6 

a4 

8.2 
8.0 
8.0 
2.8 
8.0 
8.3 
3.8 
8.0 
3.0 
2.9 
2.8 
2.6 
2.4 
2.4 

2.4 
2.4 

8.0 
2.8 
2.7 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.8 
2.2 
2.1 
2.1 
2.0 
2.0 
1.8 
1.5 
1.5 
1.8 
2.0 
1.0 
1.8 
1.8 
5.6 
8.8 
2.8 
2.0 

2.2 
2.2 

8 

2.1 

4 

2.8 

5 

4.1 

6 

4.0 

7 

4.0 

8 

9 

3.8 
3.7 

10 

3.5 

11 

12 

2.1 

2.0 

13 

2.0 

14 

2.8 

15 

2.8 

16 

2.2 

17 

18 

2.1 
2.1 

19 

2.0 

20 

2.8 

21 

2.6 

22 

23 

2.8 

2.7 

24 

8.0 

25 

2.8 

2B 

27 

2.7 
2.5 

28 

2.8 

29 

2.8 

30 

8.0 

31 

8.8 

CHATTAHOOCHEE  RIVER  AT  WEST  POINT,  GEORGIA. 

This  station  was  established  July  30,  1896,  on  the  highway  bridge 
in  West  Point,  Georgia,  about  500  feet  below  the  railroad  bridge.  It 
is  described  in  Water-Supply  Paper  No.  36,  page  142.  The  gage  was 
last  verified  December  4,  1900.  The  observer  is  C.  E.  Melton.  The 
results  of  measurements  during  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  141.  During  1900  the  following  meas- 
urements were  made  by  B.  M.  Hall  and  his  assistants: 

January  20:  Gage  height,  4.65  feet;  discharge,  6,674  second-feet. 
February  24:  Gage  height,  4.92  feet;  discharge,  7,158  second-feet. 
AngnBt  22:  Gage  height,  2.80  feet;  discharge,  2,755  second-feet. 
December  4:  Gage  height,  3.98  feet;  discharge,  6,224  second-feet. 
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Daily  gage  height,  in  feet,  of  Chattahoochee  River  at  West  Point,  (Georgia,  for 

1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

a  no 

2.80 
2.60 
2.50 
2.40 
2.80 
2.90 
2.80 
2.80 
2.70 
a  40 
4.70 
4.40 
4.70 
4.90 
4.60 
a  70 
a  40 

a  90 

4.60 
4.80 
5.10 
4.20 
a  80 

a  70 
a  30 
a  20 
a  00 
a  00 

2.90 
2.90 

2.80 
2.60 
2.40 
a  00 

a  00 

4.60 
4.50 
4.20 
4.60 
7.30 

a  60 

12.20 

19.12 

19.60 

ia60 

12.40 

6.90 

6.50 

4.70 

4.60 

4.60 

4.60 

4.70 

4.80 

4.80 

5.00 

4.60 

4.90 

5.90 
4.70 
4.60 
5.00 
4.80 
4.50 
4.20 
5.00 
a  10 
7.50 
6.30 
6.60 
4.70 
4.50 
4.30 
4.50 
4.30 
4.10 
5.00 
5.20 
5.20 
6.30 
a  20 
5.80 
a  10 

a  60 

5.80 
5.40 
5.30 
5.10 
4.60 

4.10 
4.10 
4.06 
4.05 
4.00 
a  96 

a  90 
a  90 
a  85 
a  80 

4.90 

a  10 
a  70 
a  00 
aeo 

4.20 
4.00 

a  00 

7.70 

a  50 

7.40 
7.00 
7.60 
7.00 
9.20 

a  00 
a  00 

4.80 
4.60 
6.20 

4.90 
4.80 
4.60 
4.40 
4.30 
4.20 
4.00 
a  80 
a  60 

a  60 
a  60 
a  40 
a  40 
a  40 
a  30 
a  30 
a  20 
a  20 
a  70 
a  60 
a  50 
a  40 
a  40 

5.00 
4.40 
4.20 
4.00 

a  60 
a  50 
a  40 
a  40 

a  40 

a  30 
a  30 
a  60 
a  00 

4.80 
4.30 

a  10 

a  10 
a  50 
a  80 

4.60 

a  60 
a  90 

4.20 

a  40 

6.00 
7.00 

a  40 
a  00 

4.50 

a  80 

4.60 

ia40 

17.80 
14.60 
12.20 

a  40 
a  60 
a  70 

a  30 
9.40 
7.80 
7.00 
a  50 
a  20 
a  40 
a  00 
a  10 

4.20 
4.00 

a  60 

640 

a  00 

4.80 
4.60 
4.30 
4.10 
4.00 

a  80 
a  60 
a  50 
a  80 
a  70 
a  60 
aeo 

4.00 

a  10 
a  70 

12.60 
9.20 

a  40 
a  70 
a  00 

4.50 
4.00 

a  60 
a  40 
a  20 
a  10 
a  00 

2.90 
2.80 

a  40 
aoo' 
a  00 
a  00 

2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.90 
a  60 

a  80 
a  40 
a  20 
a  00 

2.90 

a  80 

3f90 

4.10 

a  10 

4.60 

a  20 
a  00 

2.90 
2.80 
2.70 
2.60 
2.60 
2.40 
2.80 
2.20 
2.30 
9.20 
12.60 
a  80 

a  00 
a  70 

4.30 

a  20 
a  00 

2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 

2.60 
2.60 
2.50 
2.60 
a  80 
4.00 
4.20 
a  70 

a  60 
a40 
a  40 
aeo 
a  80 
a  70 
a  20 
a  00 
a  00 

2.90 
2.90 
2.80 
2.80 

a  00 

4.60 

a  00 

4.90 

a  40 
a  20 
a  00 

2.90 
2.80 
2.80 

2.80 
2.70 
4.60 
4.20 
4.30 

aeo 
a  40 
a20 
a  10 
aoo 
a  00 

2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.80 
2.90 

aoo 
a  20 
aeo 

4.50 
4.00 

aoo 

4.60 

8.70 

2 

8.20 

3 

a  10 

4 

8.90 

5 

4.60 

6 t 

6.80 

7 

5.90 

8 

4.60 

9 

3.90 

10 1 

3.60 

11 

8.30 

12 

3.20 

13 

3.10 

14 

4.90 

16 

4.20 

16 

8.70 

17 

3.50 

18 

3.30 

19 

3.00 

20 

5.80 

21 

6.50 

22 

6.40 

28 

6.00 

24 

6.30 

26 

4.80 

26 

4.20 

27 

4.10 

28 

8.90 

20 

aOTi 

30 

3.80 

81 

7.20 

ETOWAH  RIVER  AT  CANTON,   GEORGIA. 

This  station  was  established  by  the  United  States  Weather  Bureau 
March  12,  1892.  It  is  located  on  the  iron  highway  bridge  about  1,000 
feet  north  of  the  Atlanta,  Knoxville  and  Northern  Railway  station  at 
Canton  and  about  a  half  mile  north  of  Canton  Creek.  The  gage  is  a 
vertical  timber  attached  to  the  upstream  side  of  the  left-bank  pier  of 
the  bridge,  and  is  graduated  to  feet  and  tenths.  Owing  to  high  water 
at  the  time  the  gage  was  put  in  it  was  set  1  foot  higher  than  intended. 
Recognizing  the  error,  the  gage-height  records  were  begun  by  adding 
1  foot  to  the  actual  readings.  It  was  the  intention  to  lower  the  gage  as 
soon  as  the  water  went  down,  but  this  has  not  been  done,  so  that  all  of 
the  gage  heights  and  discharge  measurements  have  been  based  on  the 
rod  with  the  zero  point  set  1  foot  lower  than  the  actual  rod.  The  gage 
will  probably  be  lowered  to  its  proper  place  during  the  year  1901. 
This  station  is  described  in  Water-Supply  Paper  No.  36,  page  143. 
Records  of  measurements  during  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  145.  During  1900  the  following 
measurements  were  made  by  B.  M.  Hall  and  his  assistants: 

Febmary  27:  Gage  height,  0.80  foot;  discharge,  1,118  second-feet. 
May  19:  Gage  height,  1.05  feet;  discharge,  1,351  second-feet 
December  1:  Gage  height,  0.55  foot;  discharge,  816  seoond-feet. 
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Daily  gage  height,  in  feet,  of  Etowah  River  at  Canton,  Chorgia^  for  1900, 


Day. 


1 
t 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

» 

21 

23 
SI 
25 
25 

27 
28 
20 
30 
31 


Jan. 


0.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
1.6 
1.0 
.6 
.6 
.4 
.4 
.4 
1.0 
1.0 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.4 
.6 


Feb. 


0.6 
.8 
LO 
1.0 
1.2 
1.2 
1.2 
2.7 
2.5 
1.8 
2.7 
14.2 
6.0 
8.1 
2.0 
1.5 
1.6 
LO 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
.8 
.8 


Mar. 


0.8 

.8 

.8 

.8 

.8 

.8 

.8 

3.4 

5.4 

2.2 

1.6 

1.0 

.9 

.8 

.8 

.9 

.9 

.9 

.9 

5.2 

8.6 

1.8 

1.8 

2.8 

2.1 

8.6 

2.0 

2.0 

2.0 

1.9 

1.9 


Apr. 


1.4 

1.0 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

2.3 

2.6 

2.2 

2.0 

1.8 

1.8 

2.8 

8.6 

2.0 

5.0 

8.0 

2.0 

4.0 

2.0 

1.8 

L6 

1.0 

1.0 

1.4 


May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.2 

1.4 

i:? 

1.0 

0.6 

0.8 

1.8 

0.6 

1.2 

1.4 

1.0 

.6 

.2 

1.4 

.6 

1.2 

2.4 

1.8 

1.0 

.6 

.2 

1.6 

.6 

1.2 

2.0 

1.8 

1.0 

.6 

1.6 

1.6 

2.8 

1.1 

3.0 

1.8 

1.0 

.6 

1.5 

1.4 

2.6 

1.1 

3.0 

2.4 

.8 

.6 

1.8 

1.4 

1.8 

1.1 

6.0 

2.2 

.8 

.6 

1.8 

1.4 

1.0 

1.1 

6.0 

1.8 

.8 

.6 

2.2 

1.4 

.8 

1.1 

4.0 

1.3 

.8 

.6 

3.1 

1.4 

.8 

1.0 

(a) 

1.2 

.6 

.6 

2.0 

1.4 

.7 

1.0 

(a) 

1.0 

.6 

.6 

2.0 

1.4 

.6 

1.0 

(a) 

1.0 

.6 

.6 

2.0 

1.4 

.6 

1.0 

(a) 
la) 

1.0 

.6 

.6 

2.6 

1.4 

.6 

1.0 

8.0 

.6 

.6 

2.8 

L4 

.4 

.9 

(a 

1.8 

.6 

3.6 

2.0 

1.2 

.4 

.9 

{a) 

1.2 

.8 

5.0 

1.5 

1.2 

.4 

.9 

\a) 

1.2 

1.7 

8.1 

1.4 

1.2 

.4 

.9 

(a) 
(a) 

1.2 

2.3 

2.8 

1.3 

1.2 

.8 

1.2 

1.0 

2.8 

1.6 

1.0 

1.4 

.8 

1.1 

(a) 

1.0 

2.0 

1.4 

1.0 

2.1 

2.8 

1.0 

(a) 

1.0 

1.0 

.8 

1.0 

4.6 

2.1 

1.0 

(a) 

1.0 

1.0 

.7 

1.0 

8.7 

1.8 

1.0 

(a) 

1.0 

1.0 

.6 

2.6 

8.0 

1.0 

1.8 

(a) 

1.0 

8.0 

.6 

7.2 

2.1 

1.0 

1.4 

(a) 

1.0 

2.0 

.6 

a5 

2.0 

1.0 

1.2 

(<>) 

1.0 

1.0 

.6 

2.7 

4.0 

.8 

1.2 

(a) 

1.5 

.6 

.6 

2.5 

2.2 

.8 

1.0 

(a) 

2.8 

.6 

.4 

2.0 

2.0 

.7 

1.0 

(o) 

8.5 

.6 

.4 

1.8 

1.0 

.7 

1.0 

(o) 

4.0 

.6 

.8 

1.4 

.7 

.7 

1.0 

2.0 

.6 

1.8 



2.8 

aNo  record. 


COOSA WATTEE  RIVEE  AT  CARTERS,  GEORGIA. 

This  station  was  established  August  15, 1896,  at  the  iron  highway 
bridge  at  Carters,  Murray  County,  Georgia,  about  20  miles  northeast 
of  Calhoun.  The  gage  was  last  verified  November  17, 1900.  The  sta- 
tion is  described  in  Water-Supply  Paper  No.  36,  page  144.  Records 
of  measurements  during  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  146.  During  1900  the  following  measurements 
were  made  by  O.  P.  Hall  and  Max  Hall : 

April  1^:  Qage  height,  2.60  feet;  discharge,  1.075  second-feet. 
ICay  11:  Gage  height,  2.15  feet;  discharge,  811  second-feet. 
May  24:  Gage  height,  2.05  feet;  discharge,  781  second-feet. 
August  13:  Gage  height,  1.58  feet;  discharge,  576  second-feet. 
September  7:  Gage  height,  1.25  feet:  discharge,  423  second-feet. 
November  17:  Gage  height,  1.87  feet:  discharge,  458  second-feet. 
November  26:  Gage  height,  4.08  feet;  discharge,  1,899  second-feet. 
December  22:  Gage  height,  2.70  feet;  discharge,  1,132  second-feet. 
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Daily  gage  height,  in 

i  feet,  € 

f  Coos 

aivattee  Rivet 
Apr.      May. 

•  at  Ca 
June. 

1.90 

2.00 

2.00 

2.00 

2.10 

2.20 

5.00 

3.00 

5.00 

4.50 

8.00 

2.20 

2.00 

2.40 

2.60 

3.00 

8.00 

3.40 

5.00 

5.60 

4.20 

4.70- 

4.50 

4.00 

5.00 

6.00 

6.60 

5.00 

4.60 

4.00 

rterSf  ( 

Georgia,  for  1 
Aug.      Nov. 

900. 

Day. 

Jan. 

Feb. 

Mar. 

July. 

Dec. 

1 

1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
1.10 
1.10 
1.20 
4.00 
4.80 
7.00 
8.50 
2.00 
1.90 
1.70 
1.70 
2.00 
4.80 
4.00 
2.60 
2.20 
2.00 
2.00 
1.90 
1.80 
1.80 
1.70 
1.60 
1.50 
1.50 

1.40 
1.40 
1.80 
1.40 
1.50 
1.70 
1.80 
2.00 
4.10 
2.50 
2.50 
8.60 
20.50 
5.40 
4.00 
&20 
2.80 
2.70 
2.60 
2.20 
8.00 
3.20 
3.10 
3.05 
8.00 
3.00 
2.90 
2.60 

8.00 
8.10 
2.70 
2.80 
4.75 
4.75 
4.90 
5.20 
5.00 
4.60 
8.10 
2.90 
8.00 
2.90 
2.80 
2.60 
2.50 
8.00 
7.50 
4.00 
3.50 
8.00 
2.90 
2.50 
2.00 
5.00 
8.60 
3.  SO 
3.10 
3.00 
2.80 

2.40 
2.40 
2.50 
2.60 
2.50 
2.60 
2.60 
2.50 
2.60 
2.70 
4.00 
5.00 
8.00 
2.60 
2.60 
2.70 
2.80 
3.00 
8.50 
8.70 
4.50 
3.60 
8.00 
2.90 
2.80 
2.70 
2.80 
8.00 
8.10 
8.00 

2.70 
2.60 
2.50 
2.40 
2.80 
2.20 
2.20 
2.10 
2.40 
2.20 
2.00 
1.90 
1.70 
1.70 
1.80 
1.80 
2.10 
2.00 
1.90 
1.80 
1.70 
1.70 
1.80 
1.90 
2.00 
2.10 
2.00 
1.90 
1.80 
1.80 
1.90 

a50 
8.60 
5.00 
4.80 
4.00 
8.80 
3.60 
3.60 
3.40 
3.50 
3.40 
3.80 
3.00 
2.80 
2.60 
2.00 
2.40 
2.20 
2.00 
2.00 
2.00 
1.90 
1.80 
8.00 
2.20 
8.60 
5.20 
8.20 
2.40 
'    2.80 
2.20 

2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.40 
1.40 
1.60 
1.50 
1.50 
1.60 
1.60 
1.80 
2.00 
2.50 
1.90 

(a) 

la) 
(a) 

(a) 

(a) 

1.50 

1.40 

1.50 

1.50 

1.60 

1.60 

1.50 

1.50 

1.40 

1.40 

1.80 

1.80 

1.80 

1.40 

1.40 

1.40 

1.80 

L80 

1.40 

1.40 

1.60 

8.60 

5.00 

4.00 

2.60 

1.60 

1.50 

1.40 

2 

1.40 

8 

1.50 

4 

1.60 

5 

1.80 

6 

1.70 

7 

1.60 

8 

1.60 

9 

1.00 

10 

1.50 

11 

1.40 

12 

1.40 

13 

1.50 

14 

1.60 

16 

1.70 

16 

1.60 

17 

1.80 

18 

2.00 

19 

4.00 

20 

4. 20 

21 

8.^ 

22 

2.60 

23 

2.70 

24 

25 

26   

2.00 

2.60 

•  2.50 

27 

2.40 

28 

2.80 

29 

2.40 

80 

2.50 

81 

2.00 

a  No  record  August  26  to  November  3. 


008TANAULA  RIVER  AT  RESACA,  GEORGIA. 

This  station  was  established  July  27, 1896,  on  the  iron  bridge  of  the 
Western  and  Atlantic  Railroad  in  the  town  of  Resaca,  Georgia,  1,000 
feet  from  the  railroad  station.  It  is  described  in  Water-Supply  Paper 
No.  36,  page  146.  Records  of  measurements  during  1899  will  be  found 
in  the  Twenty-first  Annual  Report,  Part  IV,  page  147.  During  1900 
the  following  measurements  were  made  by  O.  P.  Hall: 

April  30:  Gage  height,  8  feet;  discharge.  5,118  second-feet 
May  15:  Gage  height,  8.60  feet;  discharge,  1,466  second-feet. 
May  25:  Gage  height,  3.75  feet;  discharge.  1,589  seoond-feet. 
December  11:  Gage  height,  4.30  feet;  discharge,  1,919  second-feet 


OBOBGIA. 
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DaUy  gage  height^  in  feet,  of  Oostanaula  River  at  Rescuxt,  Oeorgia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Nov. 

Dec. 

1 

2.7 

(a) 

fa) 

(a) 

fa) 

(a) 
2.7 
2.6 
2.4 
2.6 
4.2 

11.3 

11.8 
9.9 
6.1 
4.9 
4.3 
4.1 
6.1 

13.1 

12.1 

10.2 
6.0 
5.2 
4.8 
4.4 
4.0 
3.7 
3.6 
3.5 
3.4 

3.1 
3.0 
3.0 
3.1 
4.3 
4.2 
3.7 
3.6 
5.6 
9.1 
7.3 
7.8 
20.8 
28.0 
23.6 
20.8 
13.7 
6.5 
5.5 
6.2 
5.3 
9.1 
8.9 
7.3 
7.0 
6.7 
6.0 
6.5 

6.0 

7.3 

6.8 

5.9 

6.4 

5.1 

6.9 

11.3 

15.5 

14.2 

11.1 

7.6 

6.7 

6.0 

5.6 

7.3 

6.9 

5.9 

6.0 

16.9 

17.2 

18.8 

8.8 

7.7 

8.0 

12.2 

10.8 

8.3 

7.2 

6.6 

6.2 

5.8 
6.4 
6.3 
5.6 
6.8 
(«.0 
5.2 
5.0 
4.8 
4.6 
7.2 
11.6 
9.8 
7.4 
6.2 
5.8 
6.8 
11.9 
12.0 
10.4 
11.8 
11.6 
9.7 
7.7 
7.2 
6.2 
5.8 
5.6 
5.5 
7.8 

6.8 
5.7 
5.5 
6.8 
4.8 
4.6 
4.4 
4.0 
3.9 
3.8 
3.7 
3.6 
3.6 
3.4 
3.4 
3.4 
8.8 
3.3 
3.8 
3.9 
8.8 
3.7 
3.6 
3.7 
3.8 
4.0 
4.0 
3.7 
3.6 
3.6 
8.4 

3.3 

a5 

4.0 

5.5 

5.0 

7.7 

7.9 

13.0 

10.8 

7.5 

5.6 

5.8 

6.8 

6.6 

5.6 

4.8 

6.6 

6.8 

10.9 

7.0 

6.5 

4.8 

9.9 

12.8 

14.0 

15.0 

17.2 

17.5 

13.0 

9.6 

2.8 
2.9 
3.0 
4.6 
4.6 
8.7 
&5 
3.0 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.8 
8.6 
3.4 
8.3 
3.7 
14.4 
13.0 
12.2 
7.6 
6.2 

4.5 

2 

4.2 

8 

4.0 

4 

5 

6.0 
8.6 

6 

8.3 

7 

6.0 

8 

5.6 

9 

5.0 

10 

4.8 

11 

4.2 

12 

4.0 

18 

4.0 

14 

4.0 

15 

4.0 

16 

3.9 

17 

3.6 

18 

3.4 

19 

3.4 

ao 

3.8 

21 

10.9 

22 

9.8 

23 

6.8 

84 

9.0 

25 

8.7 

26 

6.7 

5.6 

28 

4.6 

29 

5.4 

30 

5.2 

7.7 

a  Frozen. 
NoTS.— This  is  a  half-year  Weather  Bureau  station. 

COOSA  RIVER  AT  ROMS,    GEORGIA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  148. 
Measurements  of  ^ow  are  made  at  Rome,  also  at  Riverside,  120  miles 
farther  downstream.  The  measurements  at  Rome  are  made  on  the 
Oostanaula  and  the  Etowah  just  above  their  junction  to  form  the 
Coosa.  Etowah  River  is  measured  at  the  Second  avenue  bridge,  and 
Oostanaula  River  at  the  Fifth  avenue  bridge,  and  the  results  added 
together  give  the  flow  of  Coosa  River  at  Rome.  Results  of  measure- 
ments during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  149.  During  1900  the  following  measurements  were 
made  by  Max  Hall  and  others: 

February  21:  Gage  height,  4.80  feet;  discharge,  8,115  second-feet. 
liay  19:  Gtoge  height,  3.80  feet;  discharge,  4,496  second-feet. 
September  18:  Ga^e  height,  0.90  foot;  discharge,  1,992  second-feet. 
December  8:  Gage  height,  8.78  feet;  discharge,  6,066  second-feet. 
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Daily  gage  height^  in  feet,  of  Coosa  River  at  Romey  Oeorgia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

4.2 

5.8 

5.6 

.     4.4 

4.1 

3.8 

5.0 

8.2 

15.0 

13.4 

10.8 

7.5 

5.5 

4.8 

4.2 

5.8 

5.6 

4.5 

6.2 

15.9 

17.5 

14.6 

10.4 

7.2 

8.8 

13.0 

12.1 

8.9 

5.8 

5.7 

5.3 

Apr. 

4.4 

4.2 

4.0 

4.0 

4.0 

4.0 

3.8 

3.8 

3.6 

3.5 

6.0 

11.0 

7.4 

5.5 

4.5 

6.6 

6.2 

11.0 

11.1 

11.4 

18.6 

12.7 

10.6 

8.6 

8.5 

6.5 

5.3 

4.8 

4.3 

6.0 

May. 

June. 

2.4 
2.6 

2.8 

4.2 

4.2 

4.2 

4.8 

13.0 

12.6 

8.0 

5.9 

5.0 

5.2 

5.8 

4.2 

3.8 

4.8 

6.0 

6.5 

7.2 

4.2 

3.6 

5.5 

14.2 

18.2 

17.0 

16.5 

16.6 

14.2 

10.0 

July. 

Aug. 

Sept 

Oct. 

1.2 
1.2 
1.0 
1.0 
.9 
.9 
.9 
3.8 
5.9 
2.6 
2.0 
1.8 
2.5 
3.2 
3.0 
2.0 
1.6 
1.5 
1.5 
1.4 
1.8 
1.8 
1.6 
1.6 
1.6 
1.5 
1.4 
2.2 
2.2 
2.1 
2.1 

Nov. 

Dea 

1 

2.0 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2.0 
7.0 
9.0 
7.2 
5.5 
3.5 
8.0 
2.9 
6.0 
11.3 
10.6 
8.5 
5.8 
4.0 
3.4 
3.1 
2.8 
2.6 
2.4 
2.1 
2.0 

2.0 

1.8 

1.6 

2.0 

3.0 

3.8 

2.8 

2.4 

4.0 

6.9 

7.0 

6.4 

22.6 

27.2 

25.8 

21.2 

18.0 

10.7 

5.0 

4.0 

4.1 

6.8 

7.6 

6.0 

5.8 

5.2 

4.6 

4.0 

6.2 
4.8 
4.0 
4.0 
3.8 
3.7 
3.6 
3.4 
3.0 
3.0 
8.0 
3.0 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.9 
3.0 
2.6 
2.5 
2.8 
2.9 
3.2 
2.7 
2.6 
2.5 
2.4 
2.9 
3.0 

10.6 
8.0 
8.0 
7.0 
5.6 
4.2 
3.8 
3.8 
4.0 
4.3 
3.8 
3.4 
3.8 
3.4 
3.4 
8.3 
3.1 
3.0 
2.8 
2.6 
2.6 
2.4 
2.4 
2.4 
3.6 
2.8 
6.2 
6.8 
6.2 
4.5 
4.0 

3.4 
3.2 
3.0 
2.8 
2.6 
2.5 
2.2 
2.2 
2.0 
2.0 
1.8 
1.8 
1.8 
1.7 
2.0 
1.7 
1.6 
1.8 
2.2 
2.0 
1.6 
1.6 
1.6 
1.9 
2.4 
2.0 
1.8 
1.6 
1.5 
1.5 
1.5 

1.5 

1.5 

1.7 

1.7 

1.5 

1.5 

1.4 

1.0 

1.0 

.8 

.8 

.8 

.8 

.8 

6.5 

11.1 

7.0 

8.2 

2.8 

2.0 

1.8 

1.8 

1.6 

1.6 

1.5 

1.5 

1.4 

1.4 

1.3 

1.3 

....... 

2.1 
2.2 
2.0 
2.3 
2.3 
2.1 
2.1 
2.0 
1.9 
1.8 
1.8 
1.6 
1.5 
1.5 
1.5 
1.6 
1.6 
1.4 
1.4 
1.6 
1.8 
2.1 
2.1 
2.0 
6.0 
11.0 
11.5 
8.6 
7.0 
4.0 

3.2 

2 

2.8 

8 

2.6 

4 

3.5 

5 

7.4 

6 

6.8 

7-.. 

5.2 

8 

3.8 

9 

8.6 

10 

Z.2 

11 

2.8 

12 

2.6 

18 

2.6 

14 

2.4 

16 

2.2 

16 

2.2 

17 

2.2 

18 

2.0 

19 

2.0 

20 

2.8 

31 

6.7 

22 

8.0 

23 

7.0 

24 

6.6 

25 

6.6 

26 

5.6 

27 

4.0 

28.... 

8.8 

29 

3.6 

80 

8.5 

81 

5.6 

COOSA  RIVER  NEAR  RIVERSIDE,  ALABAMA. 

This  station,  established  September  25,  1896,  is  at  the  bridge  of  ^he 
Southern  Railway  near  Riveraide.  It  is  described  in  Water-Supply 
Paper  No.  36,  page  149.  Records  of  measurements  during  1899  will 
be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  150.  Dur- 
ing 1900  the  following  measurements  were  made  by  Max  Hall  and 
others : 

Febraary  10:  Gage  height ,  5.08  feet;  diBcharge,  13,498  second-feet. 
March  21:  Gage  height,  12.60  feet;  discharge,  43,759  second-feet. 
May  5:  Gage  height,  4.15  feet;  discharge,  11,196  second-feet. 
Angost  21:  Gage  height,  2.82  feet;  discharge,  5,609  second-feet. 
December  28:  Gage  height,  4.25  feet;  discharge,  11,885  second-feet. 
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Daily  gctge  height,  in  feet  y  of  Coosa  River  iiear  Rivemide,  Alabanui,for  1900, 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

U 

15 

16 

17 

18 

19 

ao 

21 
S3 
23 
24 
25 
'.6 
27 
38 
29 

ao 

31 


Jan. 


2. 
2. 
1. 
1. 


3.50 
3.00 
2.50 
2.40 
15 
06 
95 
95 
2.00 
2.00 
2.10 
3.50 
6.00 
7.40 
7.00 
6.40 
5.10 
4.00 
4.25 
8.00 
9.70 
10.00 
0.40 
8.75 
7.75 
6.00 
4.10 

a.w 

3.30 
3.00 
2.70 


Feb. 

Mar. 

Apr. 

2.70 

6.90 

6.66 

2.65 

7.55 

6.25 

2.60 

6.90 

6.00 

2.60 

6.25 

5.60 

2.60 

5.40 

6.10 

2.80 

5.00 

4.90 

2.05 

4.90 

4.75 

3.00 

6.00 

4.40 

3.75 

8.75 

4.35 

4.25 

10.00 

4.30 

5.80 

10.55 

6.60 

6.50 

10.05 

12.40 

13.30 

8.75 

12.90 

15.30 

7.50 

11.70 

16.20 

5.60 

0.50 

14.60 

6.00 

7.20 

14.00 

6.30 

12.40 

13.25 

6.00 

18.10 

12.80 

6.50 

17.56 

12.10 

10.00 

15.65 

9.00 

12.20 

13.95 

7.80 

12.86 

13.15 

6.80 

12.60 

12.65 

7.20 

11.80 

12.20 

6.90 

10.60 

10.80 

6.50 

10.30 

9.15 

5.25 

10.20 

7.90 

6.00 

9.85 

6.50 

9.50 

6.70 

8.50 

5.35 

7.20 

May. 


5.00 
5.30 
5.30 
4.75 
4.30 
4.20 
4.00 
3.66 
3.40 
3.30 
3.16 
2.96 
2.70 
2.70 
2.66 
2.66 
2.60 
2.60 
2.60 
2.60 
2.66 
3.20 
2.90 
3.00 
3.25 
3.10 
3.20 
3.00 
2.80 
2.70 
2.60 


June. 


2.76 

2.80 

2.90 

2.60 

2.70 

3.46 

3.90 

4.20 

7.05 

8.30 

8.00 

7.70 

6.70 

4.30 

4.50 

4.70 

5.00 

4.90 

6.90 

6.90 

6.45 

6.10 

7.00 

11.35 

12.60 

14.10 

14.42 

14  00 

13.80 

12.80 


July. 

Aug. 

Sept. 
1.86 

Oct. 

Nov. 

11.60 

4.70 

1.56 

2.30 

10.10 

3.90 

2.00 

1.55 

2.25 

8.00 

3.00 

2.20 

1.50 

2.50 

8.20 

2.75 

2.10 

1.50 

2.60 

7.50 

2.65 

2.00 

1.50 

2.50 

6.46 

2.40 

1.80 

1.45 

2.40 

5.60 

2.25 

1.70 

1.40 

2.40 

4.70 

2.16 

1.60 

1.50 

2.35 

5.00 

2.10 

1.50 

2.20 

2.30 

4.30 

2.a) 

1.45 

2.35 

2.30 

4.20 

2.00 

1.35 

3.85 

2.16 

4.10 

1.90 

1.30 

8.60 

2.10 

5.65 

2.25 

1.25 

3.80 

2.10 

4.66 

2.00 

1.20 

3.80 

2.00 

3.75 

1.90 

3.35 

3.00 

1.90 

3.60 

1.85 

6.00 

2.00 

1.80 

8.50 

2.00 

7.00 

2.80 

1.75 

3.35 

2.00 

7.50 

2.65 

1.70 

3.10 

2.20 

6.00 

2.50 

1.80 

3.00 

2.10 

4.35 

2.40 

2.00 

2.90 

2.20 

3.20 

2.30 

2.50 

2.70 

2.00 

2.50 

2.20 

4.00 

2.45 

2.00 

2.U0 

2.15 

3.80 

2.50 

1.95 

1.90 

3.00 

3.20 

2.60 

1.90 

1.85 

5.25 

3.10 

2.50 

2.20 

1.80 

7.  .50 

3.00 

2.60 

2.10 

1.80 

5.00 

4.36 

3.70 

2.00 

1.65 

3.80 

6.40 

5.70 

1.95 

1.60 

3.00 

9.20 

5.30 

1.90 

1.55 

2.65 

8.20 

5.90 

1.00 

2.50 

1 

Dec. 


5.75 
4.35 
3.75 
3.40 
3.30 
4.35 
6.05 
5.40 
4.80 
4.00 
3.60 
3.15 
2.95 
2.80 
2.70 
2.66 
2.60 
2.55 
2.55 
3.00 
3.30 
5.20 
7.00 
7.30 
6.90 
6.35 
90 
90 
30 
00 


5. 
4. 
4. 
4. 


6.50 


COOSA  RIVER  AT  LOCKS  NOS.  4   AND   5,  ALABAMA. 

Records  of  gage  heights  at  these  stations  are  kept  by  the  United 
States  Engineer  Coi-ps,  who  have  kindly  furnished  copies  to  the  Geo- 
logical Survey.  Records  of  gage  heights  at  Lock  No.  5  during  the 
year  19()0  are  not  available.  The  records  for  Lock  No.  4  are  given  in 
the  accompanying  table.  Discharge  measurements  are  not  made  at 
either  of  these  stations.  The  stations  are  described  in  Water-Supply 
Paper  No.  36,  page  150. 
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OPERATIONS   AT   RIVER   STATIONS,  1900. PART   II.        [ko.48. 


Daily  gage  height,  in  feet ,  of  Coosa  River  at  Lock  No.  4,  Alabama,  for  1900, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17....... 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 


Jan. 


3.5 
3.0 
2.7 
2.4 
2.1 
1.9 
1.9 
2.0 
2.0 
1.9 
2.1 
5.8 
7.0 
8.6 
7.8 
7.6 
6.2 
5.1 
4.6 
7.9 
10.5 
11.5 
11.0 
8.9 
7.0 
5.5 
4.5 
4.0 
3.8 
3.3 
3.0 


Feb. 


2.9 
2.7 
2.5 
2.5 
2.9 
3.2 
3.6 
3.9 
4.5 
5.9 
6.7 
7.5 
15.0 
17.5 
17.4 

ir.o 


16. 
16. 
15. 
13. 
10. 


8.6 
8.3 
8.4 
8.3 
7.5 
6.8 
6.2 


Mar. 


7.9 

8.4 

7.9 

7.4 

6.5 

6.0 

6.0 

7.8 

10.0 

11.2 

11.9 

11.6 

10.3 

8.6 

6.8 

6. 

7. 

7. 

7. 

11 

13.8 

14.7 

14.3 

13.5 

12.0 

11.6 


8 
2 
0 
1 
2 


11.6 

11.8 

11.0 

9.9 

8.0 


Apr. 


6.9 
6.1 
5.5 
5.3 
5.3 


5.4 

6.1 

4.9 

4.6 

4.9 

7.4 

13.9 

14.5 

13.0 

10.8 

9.0 

14.6 

20.3 

20.3 

18.0 

16.0 

15.0 

14.4 

13.8 

12.2 

10.2 

9.2 

7.8 

6.8 

6.0 


May. 


5.8 
6.0 
6.2 
5.4 
4.8 
4.7 
4.2 
4.0 
3.7 
3.7 
3.5 
3.4 
3.3 
3.1 
3.0 
9 
8 
8 
8 


2.9 
3.1 
3.2 
3.0 
3.4 
3.6 
3.3 
3.5 
3.0 
3.0 
2.8 
2.8 


Jane. 

Jaly. 

Ang. 

Sept. 

Oct. 

Nov. 
2.6 

Dec 

3.0 

13.6 

5.7 

1.8 

1.3 

7.7 

3.2 

11.0 

4.4 

1.9 

1.2 

2.4 

5.3 

3.2 

10.0 

3.6 

2.3 

1.2 

2.4 

4.2 

2.8 

9.4 

3.2 

2.1 

1.2 

2.7 

3.9 

3.2 

8.4 

2.8 

1.9 

1.2 

2.7 

4.7 

3.8 

7.3 

2.5 

1.8 

1.2 

2.7 

5.7 

4.4 

6.1 

2.2 

1.6 

1.3 

2.8 

7.0 

5.0 

5.1 

2.2 

1.6 

2.0 

2.9 

6.8 

7.0 

5.4 

2.1 

1.8 

2.4 

2.5 

5.7 

9.0 

4.7 

2.0 

1.2 

3.9 

2.8 

4.8 

9.1 

4.9 

2.0 

1.2 

4.7 

2.0 

4.2 

8.0 

4.4 

1.9 

1.1 

4.2 

1.9 

3.8 

6.0 

4.8 

2.2 

1.1 

4.4 

1.8 

3.5 

5.0 

8.3 

2.0 

1.2 

4.4 

1.7 

3.3 

5.0 

3.3 

1.9 

4.3 

3.7 

1.7 

3-2 

5.8 

3.7 

1.8 

6.4 

8.3 

1.7 

3.0 

5.7 

3.7 

2.1 

8.6 

3.2 

1.6 

2.9 

5.5 

3.5 

1.9 

8.7 

2.7 

1.6 

2.8 

7.6 

3.1 

2.0 

6.4 

2.1 

1.5 

2.6 

7.9 

2.9 

2.2 

4.4 

1.9 

2.1 

2,8 

7.3 

2.9 

2.4 

3.0 

1.7 

2.3 

3.5 

6.7 

2.7 

2.3 

2.4 

1.6 

4.5 

5.5 

6.7 

2.7 

2.0 

2.1 

2.3 

4.4 

7.4 

12.1 

2.7 

1.8 

1.9 

3.5 

4.0 

8.6 

14.2 

2.8 

1.9 

1.8 

5.0 

3.6 

8.1 

16.6 

2.7 

2.3 

1.7 

8.6 

6.1 

8.5 

15.5 

4.0 

2.4 

1.7 

8.2 

9.0 

6.9 

17.0 

4.2 

2.3 

1.6 

5.2 

10.2 

6.0 

15.2 

5.6 

1.9 

1.5 

4.5 

10.0 

5.1 

14. 5 

6.3 

2.0 

1.5 

2.9 

8.7 

4.5 

6.8 

1.9 

2.6 



6.0 

TALLAPOOSA   RIVER  NEAR  SUSANNA,    ALABAMA. 

This  station  was  established  July  27, 1900,  by  J.  R.  Hall.  It  is  locAtecl 
at  the  mouth  of  Blue  Creek,  which  is  10  feet  above  the  east  landing 
of  McCarty's  ferry,  13  miles  southwest  of  Dadeville,  and  3  miles  from 
Susanna,  the  nearest  post-office.  The  rod  is  graduated  to  feet  and 
tenths;  it  is  18  feet  long,  and  is  nailed  vertically  to  a  tree  over- 
hanging the  water  on  the  south  side  of  the  creek  at  the  junction  of  the 
creek  and  the  river.  The  gage  is  I'eferred  to  a  bench  mark  on  a  white 
hickory  tree  about  40  feet  from  the  rod  on  the  south  bank  of  the  creek, 
and  is  376.67  feet  above  tide  water.  Discharge  measurements  are 
made  from  a  boat  held  in  place  by  a  wire  stretched  across  the  river, 
upon  which  the  distances  from  the  initial  point  are  tagged.  The  sec- 
tion is  an  exceptionally  good  one,  depth  and  current  being  almost 
uniform  the  entire  width  of  the  stream.  The  observer  is  T.  A.  Walls, 
a  farmer  who  lives  1  mile  from  the  station.  During  1900  the  follow- 
ing measurements  were  made  by  James  R.  Hall: 

July  27:  Gkige  height,  1.80  feet;  discharge,  2,309  seoond-feet. 
August  9:  Gage  height,  1.55  feet;  discharge,  1,900  second-feet. 
September  28:  Gage  height,  1.50  feet;  discharge,  1,809  second- feet. 
November  24:  Gage  height,  2.40  feet;  discharge,  3,629  second-leet 
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,  for  1900. 

Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

2.00 
2.00 
2.10 
2.20 
2.80 
2.60 
2.40 
2.40 
2.40 
2.30 
2.10 
2.00 
1.90 
3.80 
3.90 
2.80 

1 

Day. 

Jnly. 

Aug. 

Sept. 

8.40 
4.80 
3.00 
2.60 
1.80 
l.*)0 

Oct. 

2.36 
2.30 
2.20 
2.10 
1.90 
1  70 

Nov. 

1.75 
1.75 
1.80 
1.85 
1.86 
1.90 
2.40 
2.40 
3.00 
4.90 
4.20 
3.90 
3.00 
2.80 

Dec 

1 

6.80 
4.00 
2.00 
1.80 
1.80 
2.10 
2.20 
1.70 
1.66 
l.SO 
1.40 
1.40 

2.40 
8.80 
4.80 
4.20 
2.26 
1.50. 
1.46 
1.46 
1.40 
1.35 
1.36 
1.86 
1.36 
1.30 
1.36 
11.70 

1.40 
1.40 
1.40 
1.36 
1.80 
2.80 
3.00 
2.60 
1.86 
1.80 
1.75 
1.70 
1.90 
2.40 
2.45 
2.40 

1.80 
1.70 
1.70 
1.66 
1.66 
1.66 
1.60 
1.60 
1.60 
1.60 
1.60 
1.56 
1.66 
1.60 
1.60 
1.60 

17 

1.95 

2.60 

2 

18 

...... 

1.95 
1.80 
1.75 
1.70 
1.70 
1.90 
2.00 
2.06 
2.50 
2.15 

2  60 

3 

19 

2.40 

4 

20 

4  50 

5 

21  

22 

6.80 

6 

4.60 

t ... . . 

23.  

1.80  '  3.90 

4.00 

8 

24 

1.70 
1.60 
1.50 
1.60 
1.50 
1.46 
1.46 

6.00 
6.00 
4.30 
4.10 
2.30 
2.20 
1.90 
1.86 

4.00 

9 

25 

3.70 

1« 

28 

27 

28 

1.80 

3.20 

11 

2.80 

12 

1.90    2.00 
1.80     1.90 
4.00  1  1.80 

2.70 

13 

***** 

1.40 
1.40 
1.40 
1.90 

29 

2.60 

14 

30 

2.70 

15 

31 

6.80 

2.25 

2.90 

16 

TALLAPOOSA   RIVER  NEAR  STURDEVANT,  ALABAMA. 

This  station  was  established  July  19,  L900,  by  J.  R.  Hall.  It  is 
located  at  the  Columbus  and  Western  Railroad  bridge  a  fourth  of  a 
mile  west  of  Sturdevant.  The  gage  rod  is  20  feet  high,  and  is  gradu- 
ated to  feet  and  tenths.  It  is  in  two  sections  and  is  fastened  verti- 
cally, the  shorter  section  to  a  post  at  the  edge  of  the  water  on  the 
east  bank  about  20  feet  below  the  bridge,  and  the  longer  section  to 
the  first  stone  pier,  from  the  east  bank.  It  is  so  set  that  when  the 
water  rises  above  the  short  section  it  is  on  the  long  section,  and  the 
readings  are  made  as  from  one  continuous  rod.  The  initial  point  of 
sounding  is  the  east  end  of  the  bridge.  The  section  is  broken  by 
three  piers  and  by  some  large  rocks  below  the  bridge.  The  gage  is 
referred  to  a  bencih  mark  consisting  of  a  nail  in  the  southwest  corner 
of  pier  No.  2,  east  side  of  river,  455.70  feet  above  tide  water  and  14.20 
feet  above  the  zero  of  the  gage.  The  observer  is  B.  F.  Neighbors, 
farmer  and  postmaster  at  Sturdevant,  who  lives  a  fourth  of  a  mile 
fi'om  the  st-ation.  During  1900  the  following  measurements  were 
made  by  James  R.  Hall: 

Joly  20:  Gage  height,  2.85  feet;  discharge,  2,608  Beoond-feet. 
Angnst  13:  Gage  height,  1.95  feet;  diBcharge,  1,887  second-feet. 

DaUy  gage  heights  in  feet,  of  Tallapoosa  River  near  Sturdevant,  Alabama,  for  1900, 


1 
Day. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

AuR. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.30 
3.40 
2.80 

3.40 
6.10 
4.20 
2.90 
«.60 
2.211 

1.80 
1.70 
1.60 
1.60 
3.30 
3.00 
3.00 
2.90 

2.60 
3.40 
4.70 
3.60 
3.30 
3.20 
2.90 
2.70 
2.60 
2.60 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 

2.90 
2.80 
2.70 
3.00 
3.20 
3.30 
3.20 
3.00 
2.80 
2.70 
2.60 
2.60 
2.70 
4.70 
3.00 
3.70 

17 

18 

3.00 
2.80 
4.00 
2.90 
2.40 
2.30 
2.40 
2.70 

7.90 

2.60 

2.30 
2.20 
2.20 
2.20 
2.60 
3.20 
3.50 
3.20 
4.80 
6.90 
6.40 
3.40 
3.20 
8.10 

3.20 

2 



...... 

6.00     2.20 

3.10 

3 

19  

2.95 
2.80 
3.06 
2.75 
2.65 
2.55 

3.80 
3.W) 
2.70 
2.50 
2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 

2.10 
2.00 
1.90 
2.10 
5.00 
7.30 
6.40 
6.40 
4.20 
3.60 
2.90 
2.70 
2.60 

3.00 

4 

2.60 
2.40 
2.35 

20 

21 

ffi 

23 

6.20 

5 

6.80 

6 

6.30 

i . . 

2.26    2.00 
2.20     1.90 

4.90 

8 

24 

5.60 

9 

2.10  f  1-flO    3.10 

26  

2.65     2.50 

4.70 

10 

2.00 
1.06 
1.90 
2.00 
2.10 
2.00 
3.40 

1.70 
1.60 
1.60 
1.60 
1.80 
8.80 
12.00 

3.20 
3.30 
3.40 
3.50 
3.50 
3.00 
2.60 

26 

2.60 
2.50 
2.70 
6.50 
7.60 
6.00 

2.80 
2.60 
2.50 
2.40 
2.30 
2.80 

4.20 

u 

27 

8.90 

12 

28 

3.60 

L3 

29 

3.40 

14 

30 

31 

3.50 

L5 

7.60 

16 ' 
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TALLAPOOSA   RIVER  NEAR  MILSTEAD,  ALABAMA. 

This  station  was  established  August  7,  1897,  at  the  bridge  of  the 
Tallassee  and  Montgomery  Railway,  about  a  fourth  of  a  mile  from 
Milstead.  It  is  described  in  Water-Supply  Paper  No.  36,  page  152. 
The  gage  was  last  verified  December  3,  1900.  Records  of  discharge 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  151.  During  1900  the  following  measurements 
were  made  by  Max  Hall: 

Febmary  23:  Gage  height,  9.20  feet:  discharge,  9.956  second-feet. 
March  5:  Gage  height,  6.70  feet:  discharge,  7.088  second-feet. 
December  3:  Gage  height,  2.95  feet;  discharge,  8,0''U  second-feet. 

Daily  gage  height,  in  feet,  of  TaUapooaa  River  near  Milstead,  Alabama,  for  19(K>. 


Day. 

Jan. 

Feb. 

1 

2.70 
2.fl0 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.tf0 
7.30 
6.00 
4.50 
4.00 
3.40 
3.00 
2.90 
3.70 
9.60 
7.50 
5.90 
4.00 
8.90 
3.50 
3.10 
3.00 
2.80 
2.70 
2.60 
2.60 

2.60 

2.40 

2.30 

4.50 

4.20 

4.30 

4.40 

3.80 

5.20 

8.90 

19.00 

30.00 

43.25 

42.00 

31.90 

22.80 

13.50 

8.90 

7.00 

6.10 

6.50 

9.80 

9.50 

8.90 

8.40 

8.00 

7.00 

6.00 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

UJ 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

2B 

27 

28 

29 

80 

31 

Mar. 


13.20 

13.10 

10.70 

8.00 

6.80 

6.10 

5.60 

10.90 

13.80 

12.70 

10.00 

7.90 

6.60 

5.90 

5.40 

7.00 

7.20 

5.60 

5.40 

6.00 

11.40 

10.50 

7.60 

15.50 

15.20 

16.00 

13. 70 

11.20 

8.70 

7.10 

6.20 


Apr. 


5. 
5. 
5. 
5. 
4. 


50 

30 

00 

30 

80 

4.70 

4.60 

4.60 

4.50 

4.60 

5.50 

10.60 

11.60 

9.00 

6.60 

5.30 

4.70 

13.90 

17.00 

15.00 

16.90 

13.30 

10.30 

13.20 

12.50 

9.40 

7.60 

6.40 

6.20 

6.10 


May.  '  June.  I  July.  I  Aug.    Sept. 


I 


4. 

4. 


6.30 
5.00 
5.40 
90 
70 
3.90 
3.80 
3.  TO 
3.60 
3.50 
3.30 
3.20 
3.10 
3.00 
90 
90 
2.80 
2.80 
2.«) 
2.90 
2.80 

3.  no 

3.10 
3.40 
3.50 


2. 

2. 


2.60 
2.70 
3.00 
3.50 
30 
50 
30 
90 
9.70 
6.90 
6.60 
4.60 


3. 
3. 
3. 
5. 


5. 
4. 


,00 
50 
3.20 
2.70 
00 
50 


3. 
2. 


5.30 

4.00 

3.80 

3.50 

4.50 

5.90 

5.00 

5.90 

5.90 

6.50 

5.40 

20.00 

25.04 

20.  (JO 

16.00 

18.00 

13.80 

9.00 


9.00 
9.10 
10.60 
7.10 
8.00 
5.20 


4. 

4. 


40 
00 
8.50 
7.60 
5.50 


5. 
3. 
3. 
3. 
3. 


4.10 
4.70 
6.70 
6.00 
10 
80 
80 
60 
10 
3.00 
2.80 
2.70 
2.60 
2.50 
2.50 
2.80 
2.90 
8.20 
8.10 
10.60 


6.50 


4. 
3. 
2. 
2. 
2. 


1. 
1. 
1. 
1. 


50 
,60 
80 
70 
,60 
2.30 
2.20 
2.10 
2.00 
90 
,90 
,80 
90 
2.20 
2.70 
8.10 
2.50 
4.00 
4.20 
2.60 
2.20 
2.00 
2.30 
3.30 
3.40 
3.60 
2.70 
2.60 
2.10 
3.20 


2.70 
8.00 
8.10 
4.40 
3.00 
2.40 
2.20 
2.00 
1.80 
1.70 
1.70 
1.60 
1.60 
l.fiO 
14.00 
25.60 
18.00 
11.00 
5.30 
3.60 
3.00 
2.50 


30 
£0 
00 
2.00 
2.00 
2.00 
2.00 
1.90 


Oct.     Nov.    Dec 


1.80 
1.60 
1.50 
1.80 
3.30 
6.40 
3.40 
3.20 
2.60 
2.60 
3.00 
2.80 
3.40 
3.30 
3.80 
2.70 
2.70 
2.20 
2.10 
2.00 
1.90 
2.00 
4.80 
12.10 
10.60 
9.00 
6.00 
4.20 
2.20 
2.90 
2.70 


2.50 
3.30 
6.10 
6.50 
7.10 
6.50 


4. 
8. 
8. 
2. 
2. 


10 
,50 
.00 
90 
70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.50 
2.60 


2. 
4. 
4. 


60 

no 

GO 
8.90 
8.50 
10.50 
8.80 
6.70 
4.50 
3.70 


3.30 
3.30 
3.30 
3.60 
3.90 
3.90 
3.80 
a  80 
3.10 
3.10 
2.f^) 

80 

70 

10 

.io 

5.31} 

4.20 

4  (O 

8.60 

17.00 

13,50 

10.40 

11. ;« 

8.70 

6.60 

5.60 


2_ 

9. 

7. 


5 

4 

4 

11 


60 
30 
60 


ALABAMA  RIVER   AT  MONTGOMERY,  ALABAMA. 


This  station  was  established  by  the  United  States  Engineer  Corps  a 
number  of  years  ago,  at  the  Montgomery  wharf,  near  the  union  pas- 
senger station  at  the  foot  of  Commerce  street.  The  readings  are  now 
taken  by  the  Weather  Bureau,  and  copies  are  furnished  to  the  Geo- 
logical Survey.  The  station  is  described  in  Water-Supply  Paper  No. 
36,  page  153.  No  measurements  were  made  in  1899  or  previous  years. 
During  1900  one  measurement  was  made  by  Max  Hall,  as  follows: 

March  6:  Gage  height,  11.40  feet;  discharge,  29,470  second-feet. 


ALABAMA. 


169 


Daily  gage  height,  in  feet,  of  Alabama  River  at  Montgomery,  Alabama,,  for  JfHM). 


i 


July. 


29.0 

24.8 

22.5 

20.2 

17.2 

14.8 

12.2 

9.8 

7.4 

6. 

8. 

7 

7 

8. 

9.9 

10.0 

6.4 

5.2 

5.0 

4.8 

4.5 


4 

4 

6 
6 
0 


Aug^. 


10.6 
9.9 
6.0 
5.3 
4.5 
3.9 
3.3 
8.2 
3.0 
2.6 
2.6 
2.5 
2.4 
2.2 
2.2 
2.5 
2.6 
2.7 
y.l 
3.1 
3.0 


Sept. 


a 

3 
5 
5 
4 

2.9 

2.5 

2.0 

1.8 

1.6 

1.6 

1.4 

1.0 

1.2 

7.0 

16.0 

17.2 

16.7 

15.8 

10.2 

8.0 


Oct. 


1.7 
1.6 
1.4 
1.4 
1.6 
3.0 
4.1 


9 
1 

.7 

4 

.0 

6 


3. 

6. 

3. 

3. 

4. 

8. 

8.0 

6.0 

5.2 

4.1 

3.7 

3.4 

2.6 

2.0 


4.0 

2.6 

4.7 

1.9 

4.0 

2.7 

3.5 

5.5 

3.8 

3.0 

3.0 

8.0 

3.6 

3.0 

2.6 

9.4 

3.6 

3.0 

2.4 

8.2 

3.6 

3.0 

2.3 

9.8 

5.2 

3.3 

2.0 

10.6 

7.0 

3.3 

2.0 

8.6 

9.2 

3.0 

1.7 

5.5 

11.6 

2.9 

4.8 

Nov. 


3.7 
3.7 
4.2 
12.6 
10.6 
8.2 
5.7 
4.9 
4.5 
4.0 
3.5 
3.2 
3 
3 
2 
2 
2 
2 
2 
2 
1, 
6 


0 
0 
7 
7 
5 
5 
3 
2 

i 

0 
7.0 
6.6 
6.6 
9.9 
13.0 


13. 
18. 
11. 


X^GOa 


10.6 
9.2 
7.0 
0.2 
5.8 
5.6 
0.7 
7.6 
7.8 
7.0 
6.0 
5.1 
4.5 
6.0 
0.0 
8.2 
7.1 
6.2 
5.0 
4.8 
10.0 
12.8 
14.0 

14.5 

14.0 

13.4 

10.6 

9.8 

8.8 

9.0 

10.0 


ALABAMA  RIVKK  AT  SELMA,  ALABAMA. 

This  sbition  was  originally  established  b}'  the  United  States  Engi- 
neer Corps;  readings  are  now  taken  by  the  United  States  Weather 
Bureau.  The  gage,  which  is  attached  to  the  iron  highway  bridge,  the 
floor  of  which  is  abont  60  feet  above  low  wat,er,  is  in  two  sections. 
The  lower  section,  which  reads  from  —3.0  feet  to  +2.30  feet,  is  secured 
to  the  pile  on  the  lower  side  of  the  cofferdam  on  the  draw  pier;  the 
upper  section,  which  reads  from  2.30  feet  to  48  feet,  is  spiked  to  the 
highway  bridge.  The  l)ench  mark,  which  is  an  iron  bolt  driven  into 
the  face  of  a  rock  bluff  182.3  feet  from  the  firet  bridge  pier,  on  the 
road  ascending  to  the  citj^,  is  26  feet  above  the  zero  of  the  gage  and 
87.30  feet  above  mean  sea  level.  The  top  of  the  coping  stone  of  the 
pivot  pier  at  the  highwaj^  bridge  to  which  gage  is  attached  is  66  feet 
above  the  zero  of  the  gage  and  117.30  feet  above  mean  sea  level. 
Graduations  extend  from  —3.0  feet  to  +48  feet.  During  1900  the  fol- 
lowing measurements  were  made : 

April  14:  Gage  height,  23.60  feet;  discharge,  66,607  second-feet. 
May  26:  Gage  heierht,  6.10  feet;  discharge.  17,049  second- feet. 
August  24:  Gage  height,  3.10  feet;  discharge,  9,879  second-feet. 
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OPERATIONS    AT    RIVER   STATIONS,   1900. PART    II.        fwo.  48. 


Daily  gage  height ^  in  feet ^  of  Alabama  Riirer  at  Selma,  Alabama ^  for  1900. 


Day. 

Jan. 

7.2 

6.6 

4.3 

•  3.8 

8.0 

3.0 

8.0 

3.0 

2.7 

2.7 

3.3 

7.7 

12.4 

13.5 

14.7 

14.0 

13.2 

12,0 

11.1 

11.1 

13.4 

16.9 

18.5 

18.3 

17.0 

14.7 

13.0 

11.2 

8.4 

6.5 

4.8 

Feb. 

4.8 

3.6 

8.6 

3.9 

4.7 

6.2 

8.2 

8.4 

8.5 

10.7 

16.0 

22.2 

20.9 

88.6 

44.0 

47.0 

48.0 

47.9 

47.0 

44.1 

41.6 

36.9 

33.2 

23.6 

22.6 

21.1 

19.0 

16.9 

Mar. 

17.2 
19.7 
22.2 
22.0 
20.6 
17.8 
16,0 
18.9 
14.9 
18.8 
20.9 
22. 2 
22.0 
19.9 
19.0 
16.9 
15.3 
13.9 
14.8 
14.6 
18.8 
23.0 
25.5 
29.0 
30.2 
32.7 
33.3 
3S.5 
30.5 
27.7 
24.4 

Apr. 

19.8 
16.8 
14.0 
12.0 
10.9 
8.0 
7.8 
8.9 
9.6 
9.5 
9.8 
12.0 
17.7 
23.4 
25.5 
25.0 
22.5 
23.5 
29.0 
84.8 
89.0 
39.8 
41.0 
40.0 
38.5 
35.8 
32.7 
28.5 
23.0 
18.0 

May. 

June. 

4.8 

4.6 

4.4 

4.2 

5.6 

6.0 

4.6 

4.2 

6.8 

11.6 

13.5 

14.0 

13.9 

12.8 

11.0 

9.0 

8.9 

8.8 

8.6 

10.0 

10.9 

12.0 

12.9 

14.0 

17.6 

24.5 

29.0 

32.0 

33.5 

85.0 

July. 

Aug. 

14.0 
13.0 
11.0 
9.0 
7.0 
6.0 
5.5 
5.0 
4.8 
4.5 
3.2 
3.0 
2.8 
2.5 
2.5 
2.4 
2.8 
2.7 
2.7 
2.6 
2.3 
2.6 
3.6 
8.8 
4.0 
3.5 
3.6 
3.4 
3.5 
4.0 
4.2 

Sept. 

3.9 

3.9 

3.8 

4,5 

5.4 

5.0 

4,5 

4.1 

3.3 

1.8 

1.0 

-.7 

,8 

1.0 

1.6 

11.0 

18.0 

19.0 

19.4 

16.0 

12.5 

10.0 

6.0 

3.0 

1.9 

1.6 

1.0 

1.0 

.9 

.8 

Oct. 

Nov. 

X^vOa 

1 

2 

15.4 
18.9 
13.0 
12.0 
11.8 
10.2 
9.6 
8.8 
8.0 
7.8 
7.5 
7.3 
7.0 
6.6 
6.4 
6.0 
6.7 
5.5 
6.2 
5.1 
5.0 
5.0 
4.8 
5.5 
6.1 
6.2 
6.6 
6.8 
6.0 
5.5 
5.0 

84.8 

38.0 

20.8 

26.6 

23.5 

20.2 

17.0 

14.0 

11.5 

10.0 

9.8 

10.2 

10.0 

9.9 

9.9 

10.0 

9.9 

9.0 

7.0 

7.0 

6.5 

6.5 

6.8 

6.0 

6,8 

5,0 

4.5 

4.4 

7.6 

8.0 

11.8 

0.8 

.7 

.6 

.6 

.5 

1.0 

1.8 

2.5 

4.0 

4.2 

2.0 

2.0 

2.S 

4.8 

6.7 

6.0 

6.2 

2.5 

1.0 

1.0 

.9 

1.0 

1.6 

6.0 

11.6 

12.0 

11.5 

12.3 

13.0 

11.0 

6.0 

2,0 
2.0 
4.0 
9.0 
14.0 
18.6 
9.4 
6.8 
4.0 
2.0 
2.0 
1.9 
1.6 
1.6 
1.0 
l.U 
1.0 
1.0 
1.0 
1.0 
1.0 
1.6 
6.0 
9.0 
9.8 
9.9 
13.0 
16.0 
16.8 
17.0 

16.  U 
14.0 

3 

11.0 

4 

9.0 

5 

6 

8.0 
7.5 

7 

7.0 

8 

7.0 

9 

10 

11 

9.0 
9.4 
6.0 

12 

13   

5.0 
2.0 

14 

15 ... 

3.2 
9.0 

16 

17 

18   

n.o 

11.0 
10.0 

19 

6.0 

20 

5.1 

21 

w.o 

22 

23 

24 

14.5 
17. 0 
17.2 

26 

17.6 

28 

27 

28 

18.0 
17.0 
14.5 

29 

12.0 

30 

31 

11.2 
11.0 

BLACK  WARRIOR   RIVER   AT  TUSOALOOSA,  ALABAMA. 

A  eontiTiiious  record  of  the  gage  heights  at  Tuscaloosa  has  been 
kept  by  the  United  States  Engineer  Corps  since  1889.  During  1895 
and  189()  a  number  of  discharge  measurements  were  made,  from  which 
a  rating  table  was  established.  Since  that  time  measurements  of  flow 
and  computations  of  the  discharge  have  been  made  regularly  by  the 
Unit/ed  States  Geological  Survey.  The  station  is  described  in  Water- 
Supply  Paper  No.  36,  page  156.  The  records  are  furnished  by  R.  C 
McCalla,  jr.,  United  States  assistiint  engineer.  Records  of  measure- 
ments during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  153.  No  measurements  were  made  during  the  year 
1900. 
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Daiiy  gage  height,  infect,  of  Black  Warrior  River  at  Tuscaloosa,  Alabama,  for  1900, 


Day. 


Jan.     Feb.     Mar.     Apr.  |  May 


1 

2 

3 

10.90 
9.48 

8.a2 

4 

5 

6 

7.10 
6.18 
5.53 

7 

5.12 

8 

9 

4.84 
4.60 

10 

11 

12 

4.  GO 

7.12 

81.63 

13 

14 

31.80 
28.18 

15 

2i.oe 

16 

20.12 

17 

16.50 

18 

14.28 

19 

30 

15.80 
25.00 

21 .. 

22 

82.60 
29.44 

23 

24.54 

24.  .     

25 

20.43 
17.12 

2H   

14.12 

27 

12.14 

» 

a« 

10.47 
9.10 

30 

8.27 

31 

7.60 

• 

6.92 
6.40 
5.00 
5.17 
6.40 
9.58 
11.50 
10.53 
12.23 
20.60 
23.00 
20.64 
41.37 
47.06 
45.73 
40.23 
34.74 
29.75 
26.88 
22.43 
19.90 
23.58 
26.50 
24.20 
22.38 
21.00 
18.63 
16.52 


<  iw 


18.14 
25.44 
26.00 
23.30 
20.29 
17.43 
15.34 
27.58 
30.00 
36.08 
31.63 
27.34 
23.78 
20.43 
17.40 
16.63 
21.18 
20.28 
18.80 
45.10 
51.00 
47.98 
42.40 
38.24 
35.41 
36.78 
35.33 
31.80 
2B.85 
26.25 
24.20 


21.55 
18.60 
15.80 
13.60 
12.27 
12.17 
11.44 
10.29 
9.97 
10.58 
28.35 
52.79 
53.40 
48.69 
42.30 
37.10 
63.00 
64.05 
62.17 
50.35 
56. 10 
51.71 
46.2') 
41.88 
37.94 
33.94 
30.80 
28.15 
25.73 
23.50 


21.23 

18.95 

16.33 

13.82 

11.60 

9.60 

8.20 

7.28 

6.80 

6.50 

6.12 

5.90 


June. :  July.     Aug.    ^pt.     Oct. 


5. 
4. 
4. 
3. 


48 

50 
,85 
3.65 
3.60 
3.52 
3.39 
3.65 
3.50 
3.a5 
4.40 
7.55 
7.68 
6.70 


5.30 
4.25 
8.60 
8.62 


4.24 
6.80 
13.95 
15.16 
20.98 
21.50 
20.92 
21.75 
38.25 
81.70 
24.73 
19.60 
15.95 
15.60 
19.23 
29.15 
28.89 
25.38 
24.51 
30.10 
27.80 
25.38 
24.55 
50.00 
58.35 
56.35 
52.90 
49.05 
48.25 
46.85 


41.00 

33.88 

32.27 

32.13 

80.96 

27.31 

23.70 

20.80 

18.45 

15.96 

12.96 

11.05 

10.60 

12.90 

10.35 

8.60 

7.00 

6.00 

5.60 

6.85 

8.50  I 

8.00 

8.10 

8.70 

7.40 

6.80 

9.20 

16.30 

13.50 

11.83 

11.05 


9.85 
8.00 
6.50 
6.15 
4.40 
8.80 
8.35 
3.00 
2.50 
2.30 
2.10 
2.00 
1.75 
1.50 
1.40 
1.50 


1. 
1. 


48 
40 


3.00 


4. 
3. 
8. 
2. 


40 
75 
,00 
50 
2.55 
2.10 
4.48 
4.30 
8.25 
2.40 
2.10 
2.60 


5.60 
5.00 
4.07 
4.80 
8.58 
2.80 
2.30 
1.90 
1.50 
1.40 
1.10 
.90 
.80 
1.40 
5.45 
10.65 
8.95 
6.34 
4.44 
3.35 
2.60 
2.20 
1.87 
1.65 
1.60 
1.45 
1.80 
1.05 
•  .90 
.75 


0.75 

.80 

.60 

.25 

.40 

.40 

.80 

l.ST) 

8.90 

6.05 

6.10 

14.80 

22.50 

21.85 

16.40 

11.00 

8.20 

6.18 

5.10 

4.80 

8.60 

3.15 

4.60 

7.80 

10.40 

8.55 

6.75 

5.40 

4.70 

4.10 

3.70 


Not.    Dec 


4.20 

5.10 

5.40 

5.55 

5.05 

4.45 

8.90 

8.50 

3.10 

2.90 

2.70 

2.50 

2.40 

2.25 

2.20 

2.10 

2.05 

2.00 

1.95 

3.90 

8.40 

10.25 

12.50 

11.00 

9.45 

15.90 

22.20 

21.00 

17.35 

14.00 


12.60 
9.65 
8.50 
7.90 
8. 20 
10.20 
10.66 
9.66 
8.75 
8.15 
7.50 
6.90 
6.45 
6.40 
6.66 
6.45 
6.10 
5.75 
5.30 
5.45 
6.80 
85 
90 
00 
70 


8 
11 
17 
18 
17.00 
14.60 
12.50 
10.06 
10.15 
14.20 


BLACK  WARRIOR   RIVER  NEAR   CORDOVA,  ALABAMA. 

This  station  is  located  at  the  Kansas  City,  Memphis  and  Birming- 
ham Railroad  bridge  three-fourths  of  a  mile  from  Cordova,  Alabama. 
The  gage  was  established  by  the  United  States  Weather  Bureau,  but 
records  were  discontinued  by  that  bureau  some  time  ago.  From  12 
to  55  feet  the  gage  is  a  vertical  timber  bolted  to  the  inside  of  the 
bridge  pier  on  the  left  bank  of  the  river.  Below  12  feet  the  gage  was 
sloping,  but  it  was  out  of  jjosition  and  could  not  be  used  when  the 
station  was  established  by  the  Geological  Survey  on  May  21,  1900,  so 
a  shert  new  section  was  i)ut  in  at  that  time.  This  section  is  a  2-inch 
by  10-inch  plank,  graduated  to  feet  and  tenths,  marked  with  nails 
from  —1.5  feet  to  +12.5  feet,  and  spiked  to  a  willow  tree  on  the  right 
bank  of  the  river  about  200  feet  below  the  bridge.  The  bench  mark 
is  the  top  of  the  stone  pier  on  the  left  bank,  and  is  54.05  feet  above 
the  zero  of  the  gage.  Measurements  are  made  from  the  railroad 
bridge,  which  is  a  single-span,  iron,  through  bridge  300  feet  long. 
The  section  is  a  good  one.  The  observer  is  A.  B.  Logan,  who  lives  on 
the  right  bank  of  the  river,  only  a  few  hundred  feet  from  the  end  of 
the  bridge.  During  1900  one  measurement  was  made  by  Max  Hall, 
as  follows : 


May  21:  Gage  height,  0.10  foot;  discharge,  747  second-feet. 
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DaUy  gage  height^  in  feet,  of  Black  Warrior  River  near  Cordova.  Alabama^  for 

1900. 


Day. 

May. 

June. 

Jnly. 

8.1 

5.2 

7.1 

6.5 

6.3 

4.6 

3.5 

2.1 

2.5 

2.7 

1.0 

.8 

1.0 

.8 

.5 

.4 

.4 

.3 

.3 

.2 

.7 

1.0 

.8 

.5 

.9 

.5 

l.« 

2.4 

1.3 

1.2 

1.6 

Aug. 

Sept 

Oct. 

-0.8 

-  .8 

-  .9 
.9 

-1.0 

1.0 

-1.1 

+  .2 

■\ 

.1 

9.4 

9.2 

3.2 

2.3 

1.7 

1.0 

.6 

.3 

.2 

.1  ' 

.0 

1.0 

.7 

.6 

.3 

.2 

.1 

.0 

-  .1 
.1 

Nov. 

—0.1 
+  .5 
.8 
.4 
.3 
.3 
.2 
.2 
.1 
.0 

-  .1 

-  .2 

-  .2 

-  .3 

-  .3 

-  .3 

-  .4 
+  .3 

.2 

.1 

.3 

1.1 

.8 

.8 

.9 

5.1 

4.9 

3.6 

2.8 

1.9 

Deo, 

1 

0.6 

2.8 

5.8 

7.1 

7.5 

7.6 

6.5 

7.3 

6.5 

4.5 

3.2 

3.0 

4.6 

8.6 

9.8 

8.U 

8.2 

7.2 

13.4 

10.0 

6.1 

6.5 

15.2 

32.9 

3).8 

31.3 

22.1 

23.9 

22.4 

16.5 

0.9 
.6 
.4 
.2 
.1 
.0 
.1 
.2 
.3 
.3 
.4 
.5 
.5 
.5 
.6 
.6 
.6 
.6 
.1 
.0 
.2 
.8 
.4 
.8 

1.7 
.8 
.2 
.'> 
.1 
.9 

1.0 

0.5 
.2 
.1 
.0 

-  .1 

-  .2 

-  .3 
.4 

-  .5 

-  .5 

-  .6 

-  .6 

-  .7 

-  .6 
1.5 

.9 
.5 

.1 
.0 

-  .1 

-  2 

-  .3 

-  .3 

-  .4 

-  .4 

-  .5 

-  .5 

-  .6 

-  .7 

-  .7 

1.4 

2 

1.0 

8 

.8 

4 

1.0 

5 

1.9 

6 

1.8 

7 

1.4 

8 

1.2 

.9 

1.0 

10 

.8 

11 

:? 

12 

.7 

18 

.8 

U 

.8 

16 

.8 

16 

.6 

17 

.6 

18 

.i 

19 

.4 

20 

5 

21 

0.1 

.1 

.1 

1.5 

1.5 

1.0 

.6 

.7 

.8 

.9 

.9 

1.5 

22 

3.0 

23 

2.9 

24 

5.0 

25 

4.0 

26 

3.1 

27 

2.6 

28 

2.1 

20 

1.8 

30 

31 

1.7 
2.8 

HILLABEE   CREEK  NEAR   ALEXANDER  CITY,    ALABAMA. 

This  station,  which  was  established  August  29,  1900,  by  J.  R.  Hall, 
is  located  6^  miles  northeast  of  Alexander  City,  on  the  road  leading 
from  tliat  town  to  Newsite.  The  gage,  which  is  graduated  to  feet  and 
tenths  and  is  placed  vertically,  is  in  two  sections,  the  short  section, 
which  reads  from  0  to  5.t50  feet,  l)ei ng  fastened  to  a  post  in  the  edge 
of  the  water  on  the  north  bank  20  feet  from  the  upstream  side  of  the 
bridge,  the  long  section,  which  reads  from  5.50  feet  to  16  feet,  being 
fastened  to  the  upstream  end  of  the  first  pier  on  the  north  bank,  and 
arranged  so  that  when  water  rises  above  the  short  section  the  readings 
are  made  from  the  long  one,  both  sections  being  easily  read  from  the 
north  approach  to  the  bridge.  The  initial  point  of  sounding  is  on  the 
south  side  of  the  first  pier  on  the  north  bank.  The  gage  is  referred 
to  a  bench  mark  at  the  top  of  a  chord  on  the  downstream  side  of  the 
bridge  at  the  second  pier  from  the  north  bank,  and  is  27.6  feet  above 
the  zero  of  the  gage.  The  bridge  is  in  three  spans  having  a  total 
length  of  276  feet,  with  a  north  approach  of  116  feet  and  a  soutli 
approach  of  124  feet,  making  a  total,  over  all,  of  516  feet.  The 
observer  is  J.  H.  Chisholm,  a  farmer,  post-office  address  Alexander 
City,  Alabama.  During  1900  the  following  measurements  were  made 
by  James  R.  Hall : 

Augnst  29:  Gage  height,  1.40  feet;  discharge,  184  second-feet. 
November  28:  Gage  height,  2  feet;  discharge,  390  second-feet. 
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Daily  gage  height,  in  feet,  of  HiUabee  Creek  near  Alexander  City,  Alabama^  for 

1900. 


Day.. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

'            Day. 

1 

Aug. 

Sept. 

2.6 
2.2 
1.6 
1.5 
1.5 
1.4 
1.2 
1.3 
1.4 
1.3 
1.4 
1.3 
1.4 
1.3 

Oct. 

Nov. 

Dec. 

1 

2.3 
2.8 
1.6 
1.4 
1.8 
1.2 
1.2 
1.1 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
8.1 
5.0 

1.3 
1.1 
1.1 
1.1 
8.2 
2.0 
2.8 
2.6 
2.4 
2.8 
2.8 
1.8 
1.6 
1.4 
1.4 
1.2 

1.6 
2.6 
6.8 
8.2 
2.2 
1.8 
1.7 
1  7 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 

1.9 
1.9 
1.8 
1.9 
1.8 
1.9 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
8.8 
2.9 
2.8 

17 

1.3 
1.3 
1.2 
1.2 
1.2 
1.9 
5.9 
2.9 
2.1 
1.9 
1.8 
1.7 
1.6 
1.5 
1.5 

1.6 
1.4 
1.5 
1.6 
1.7 
2.1 
1.9 
1.9 
5.1 
2.9 
2.4 
2.0 
1.9 
1.9 

2.7 

2 

18 

2.8 

3 

19 

3.0 

4 

20 

2.0 

5 

21 

22 

6.0 

6 

4.0 

23 

3.0 

8 

24 

2.0 

9 

26 

2.9 

10 

26 

2.8 

11 

27 

2.6 

13 

28 

2.5 

13 

29 

1.4 
1.3 

1.8 

2.5 

14 

30  

5.8 

15 

31 

5.7 

16 

TALLADEGA  CREEK  AT  NOTTINGHAM,  ALABAMA. 

This  station  is  located  on  the  Southern  Railroad  bridge  a  fourth  of 
a  mile  from  the  depot  at  Nottingham,  Alabama,  and  1  mile  north  of 
Alpine,  Alabama.  The  gage,  which  is  graduated  to  feet  and  tenths  and 
is  20  feet  long,  is  fastened  vertically  to  the  north  end  of  the  bridge  on 
the  upstream  side,  the  bottom  end  of  the  gage  being  nailed  to  an  old 
mudsill  projecting  from  the  north  bank.  The  initial  point  of  sound- 
ing is  at  the  gage.  The  bench  mark  is  the  top  rail  on  the  upstream 
side  of  the  bridge,  and  is  24.13  feet  above  gage  datum.  The  section 
is  a  good  one  and  is  free  from  piers.  The  observer  is  R.  M.  McClatchy, 
station  agent  at  Nottingham.  During  1900  the  following  measure- 
ments were  made  by  James  R.  Hall: 

Angnst  16:  Gage  beight,  1.10  feet;  discbarge,  102  second-feet. 
November  29:  Qage  height,  1.70  feet;  discharge,  240  second-feet. 

Daily  gage  height ^  in  feet,  of  Talladega  Creek  at  Nottingham,  Alabama^  for  1900, 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.0 
.9 
1.0 
1.1 
1.2 
1.0 
1.0 
1.6 

Sept. 

2.3 
1.7 
1.6 
1.5 
1.8 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 

Oct. 

1.1 
1.1 
1.1 
1.0 
1.2 
1.4 
1.6 
2.9 
3.5 
3.0 
2.6 
1.4 
1.8 
1.8 
1.3 

Nov. 

1.2 
1.2 
1.2 
1.5 
2.2 
1.9 
1.8 
1.6 
3.9 
3.8 
3.4 
2.0 
1.8 
1.7 

Xp^vOa 

1 

1.2 
2.0 

1.0 
1.0 

1.3 
1.3 
2.3 
2.1 
1.7 
1.5 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 

1.6 
1.4 
1.4 
1.8 
1.7 
1.6 
1.5 
1.5 
1.4 
1.3 
1.8 
1.3 
1.6 
1.8 
1.7 
1.6 

17 

1.5 

2 

18 

1.5 

3 

1.3      1.0 

19 

1.4 

4 

1.1 
1.0 
1.0 
1.0 
.9 
11.0 

8:o 

10.3 

1.0 
1.2 
1.3 
1.8 
1.4 
1.8 
1.8 
1.3 
1.5 
1.4 
1.3 
1.2 
1.2 

21) 

2.7 

f, 

21 

3.0 

6 ! 

22.. 

2.6 

7 

23 

4.0 

^ 

24 

2.5 

» 

25 

2.1 

10    

26 

2.0 

11 

27 

1.8 

li 

8.0 

28 

1.7 

13 

8.3 
9.3 
9.3 
3.9 

29 

16 

14 

30 

1.9 

15 

31 

5.1 

16 : 

1.1 
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BIQ  SANDT   CREBK  NEAB  DADEVILLE,  ALABAMA. 

This  station,  which  was  established  by  J.  R.  Hall  August  2, 1900,  is 
located  about  4^  miles  southwest  of  Dadeville,  at  the  highway  bridge 
on  the  Dadeville-Susanna  road.  The  gage,  which  is  graduated  to  feet 
and  tenths,  is  16  feet  high  and  is  fastened  vertically  to  the  firat  pier 
on  the  north  side  of  the  creek.  The  initial  point  of  sounding  is  at 
the  gage  rod.  The  section  is  good  for  ordinary  or  flood  measurements, 
but  is  rather  wide  and  shoaly  for  low- water  measurements.  The  latter 
can,  however,  be  made  a  short  distance  from  the  gage.  The  observer 
is  L.  H.  Finch,  a  farmer  who  lives  200  yards  from  the  station,  post- 
office  address,  Dadeville,  Alabama.  During  1900  the  following  meas- 
urements were  made  by  James  R.  Hall: 

• 

Jaly  6:  Gage  height,  1.20  feet;  discharge,  260  second-feet. 
Angxist  8:  Gage  height,  1.00  foot;  discharge,  110  second-feet. 
Angnst  8:  Gage  height,  1.00  foot;  discharge,  116  second-feet. 
August  25:  Gage  height,  1.35  feet:  discharge,  281  seoond-feet. 
November  16:  Gage  height,  1.10  feet;  discharge,  155  second-feet. 
December  31:  Gage  height,  2.00  feet;  discharge,  870  second-feet. 

The  measurements  of  August  8  and  November  16  were  made  a  half 
mile  below  Smith's  bridge. 

Daily  gage  height ^  in  feet,  of  Big  Sandy  Creek  near  Dadeville,  Alabamay  for  1900. 


Day. 

AUR. 

1.(10 
1.20 
1.10 
1.10 
1.10 
1.05 
1.05 
1.00 
1.05 
1.00 
1.00 
9.05 
9.00 
9.00 
1.80 
1.00 

Sept. 
1.10 

Oct. 

Nov.  ■  Dec. 
1.00     1.10  1 

Day. 

Aug. 

Sept. 
3.90 

Oct. 

I.IO 
1.00 
1.06 
1.05 
1.C0 
1.50 
1.45 
1.40 
1.20 
1.15 
1.10 
1.05 
1.06 
1.00 
1.06 

Nov. 

Dec. 

1 

0.95 

IT 

1.80 

1.05 
1.10 
1.10 
1.10 
1.10 
1.30 
1.25 
1.20 
1.50 
1.90 
1.80 
1.20 
1.16 
1.10 

1.45 

2 

3       

1.10 
1.40 
1.80 
1.20 
1.05 
1.00 
1.00 
.95 
2.00 
1.80 
1.40 
1.20 
1.20 
2.00 
2.20 

.90 
.90 
.90 
3.50 
1.80 
1.25 
1.20 
1.10 
1.15 
1.10 
1.20 
1.80 
1.16 
1.10 
1.05 

1.90 
2.00 
1.80 
1.40 
1.20 
1.20 
1.20 
1.15 
1.15 
1.15 
1.15 
1. 10 
1.10 
1.10 
1.10 

1.15 
1.25 
1.40 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10  1 
1.10 
1. 10 
1.10 
2.20 
1.80 
1.45 
1 

18 

19 

1.20 
1.10 
1.00 
1.00 
.90 
.90 
1.70 

1.50 
1.10 
1.05 
1.00 
1.00 
1.00 
1  nn 

i.au 

2.40 

4 

20 

4.50 

5 

6 

7 

8 

21 

1  •>■> 

:Ji 

'  :i{ 

3.50 
1.70 
1.50 
1.40 

9    

^'. 

1.40  '  1.00 
1.60     1.00 
1.15     105 

1.40 

10 

2i 

1.35 

u    

:i7 

1.35 

12 

•^ 

1.10 
1.00 
1.00 

1.05 

1.00 

.90 

1.35 

18 

:ai 

1.30 

U 

:w 

1.76 

16 

16 

31 

1.80   

2.00 

TOMBIGBEE   RIVER  AT   COLUMBUS,    MISSISSIPPI. 

This  station  is  located  about  1,000  feet  below  the  highwaj'  bridge 
1^  miles  from  the  Southern  Railway  depot  at  Columbus.  The  rod, 
which  is  in  three  sections,  is  fastened  vertically  to  the  rock  bluff  on 
the  left  bank.  It  is  a  3-inch  by  10-inch  pine  timber  45  feet  long, 
marked  with  brass  figures  and  copper  nails,  the  graduation  extending 
from  —5.0  feet  to  +40.0  feet.  The  initial  point  of  sounding  is  the 
end  of  the  iron  bridge,  right  bank,  downstream  side.  Bench  mark 
No.  1  is  250  feet  from  the  initial  point  of  sounding.  The  bridge  floor 
is  40.85  feet  above  the  zero  of  the  rod,  and  the  top  of  the  iron  girder 
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under  the  floor  timbers  is  39.85  feet  above  the  zero.  Bench  mark  No. 
2  is  the  top  of  the  rail  at  the  depot  of  the  Southern  Railway,  and  is 
55.2  feet  above  gage  datum  and  190.9  feet  above  mean  sea  level.  The 
width  of  the  river  at  low  water  is  160  feet.  The  maximum  recorded 
height  of  the  river  was  on  April  8,  1892,  when  the  gage  registered  42 
feet.  The  lowest  recorded  height  was  on  October  26,  1893,  when  the 
gage  reading  was  —3.9  feet.  The  danger  line  is  at  33  feet.  No  meas- 
urements of  discharge  were  made  during  1900. 

Daily  gage  height^  in  feet,  of  Tombigbee  River  at  Columbus,  Mississippi,  for  1900, 


Day. 

Jan. 

1 

3.5 

2 

2.2 

3 

1.8 

4 

1.6 

6 

1.4 

6 

1.3 

7 

1.1 

8 

1.0 

9 

.9 

10 

.9 

11 

12 

2.0 
6.6 

13 

8.3 

W 

7.1 

15 

5.6 

16 

4.6 

17 

2.8 

18 

2.4 

19    

2.2 

30 

2.1 

21 

1.9 

22 

1.8 

23 

24 

1.6 
1.4 

25 

26 

27 

1.2 

J.l 

.9 

28 

.7 

29 

.6 

30 

.5 

31 

.4 

Feb. 


1 


0.4 

.3 

.2 

.4 

1.8 

3.5 


3. 
3. 
4. 

8. 


.5 
3 
2 
4 
7.8 
7.6 
10.2 
9.8 
8.1 
5.8 
4.6 
3.8 
3.2 
2.8 
3.5 
5.6 
5.4 
4.5 
5.0 
5.0 
3.9 
4.2 


Mar. 

Apr. 

7.1 

•4.5 

6.8 

3.8 

5.6 

2.7 

4.4 

1.9 

3.8 

1.5 

3.4 

1.3 

7.6 

1.3 

14.4 

1.1 

15.1 

.7 

Id.  8 

.5 

11.3 

11.7 

9.9 

16.2 

6.7 

17.4 

4.3 

19.3 

4.8 

20.8 

6.6 

20.9 

5.2 

22.9 

4.6 

26.9 

9.4 

27.6 

15.6 

27.5 

18.2 

27.1 

19.0 

25.5 

19.2 

23.3 

18.1 

21.8 

15.2 

19.4 

11.4 

17.3 

7.8 

14.8 

4.6 

11.8 

3.9 

9.5 

3.1 

9.4 

3.3 

May. 


8.0 
6.5 
6.9 
4.5 
2.8 
1.5 
.8 
.5 
4 
3 
3 
6 


1 
2. 

3. 
3. 
2.8 
2.2 
1.6 
+  .7 
.0 

—  .4 
-1.0 

—  .8 

—  .5 

—  .5 
+  .1 

.2 
.3 
2.8 
2.4 
2.2 
1.6 
1.0 
.8 


June.  July.  ,  Aug.  '  Sept. 


I 


1.0 
8.0 
10.0 
13.4 
15.3 
17.0 
20.7 
23.6 
25.5 
25.0 
23.6 
21.6 
20.0 
18.6 
17.8 
17.1 
17.3 
17.8 
18.0 
16.8 
15.2 
18.6 
13.8 
18.6 
21.6 
24.1 
25.0 
24.8 
23.6 
21.7 


19.7 

18.3 

17.6 

16.2 

15.9 

15.4 

14.5 

13.5 

10.0 

6.8 

5.6 

4.0 

3.6 

2.0 

1.9 

1.6 

l.t) 

.6 

.0 

.4 

1.8 

2.0 

1.9 

1.4 

.7 

.1 

1.8 

5.0 

6.9 

6.7 

7.2 


5.8 
4.0 
2.8 
1.9 
1  0 
.0 

-  .6 

-  .9 
-1.4 
-1.8 
—2.2 
-2.6 
-2.6 
-2.7 
-2.2 
-2.2 
-2.3 
-2.3 
-1.8 
-1.4 
-1.1 
—1.6 
-1.9 
—2.0 

-  .1 
+1.2 
+  .6 

-  .3 
—1.0 
-1.4 
-1.1 


-1.2 


-1. 
-1. 


-1. 

-1. 

-2. 

-2.3 

-2.4 

—2.6 

-2.6 

—2.7 

—2.7 

-2.8 

-2.9 

-3.0 

-3.0 

-8.1 

-8.0 

-2.9 

-2. 

— 1. 

-1. 

—2. 

—2. 

-2. 

-2.6 

-2.5 


Oct. 


7 
8 
7 
,0 
2 
4 


-2.7 
-2.8 
-3.0 
-3.1 
-3.8 
-8.6 
-8.6 
-2.2 
-1.0 

—  .6 

—  .4 
+2.6 
+4.8 
+6.2 
+6.6 
+6.4 
+2.4 
+  .4 

—  .4 

—  .9 
-1.1 
-1.3 
-1.0 

—  .2 
+  .8 
+1.0 
+6.1 
+6.6 
+4.6 
+4.0 
+3.0 


Nov.    Dec 


+2.6 
+4.0 
+6.6 
+6.1 
+4.4 
+8.1 
+1.9 
+  .9 

-  .1 

-  .6 

-  .9 
-1.1 
-1.8 
-1.3 
-1.4 
-1.6 
-1.6 
-1.6 
-1.6 
—1.6 
-1.6 
+1.2 

.0 
+1.7 
+2.8 
+2.8 
+8.8 
+8.8 
+3.9 
+8.8 


+3.4 
+2.6 
+1.9 
+1.0 
+  .1 


+ 
+ 

+ 


.2 
.3 
.8 
.0 

—  .8 
+  .5 

—  .6 
+  .9 
+  .» 
+  .9 
+  .9 
+  .9 
—1.0 
-1.0 
—1.0 
-1.0 
+8.8 
+6.0 
+6.0 
+6.6 
+6.8 
+6.1 
+6.0 
+4.2 
+4.8 
+4.0 


TOMBIGBEE   RIVER  NEAR  EPES,  ALABAMA. 

A  record  of  gage  heights  has  been  kept  at  this  station  for  the  last 
t(5n  years  by  the  Alabama  Great  Southern  Railway  Company.  The 
gage  is  painted  on  the  center  brick  pier  of  the  railway  bridge  of  that 
company  across  the  Tombigbee  a  half  mile  east  of  Epes,  and  is 
referred  to  two  bench  marks,  the  first,  the  top  of  the  iron  girder  at 
the  third  crossbeam  at  the  station,  80  feet  from  the  right-bank  end  of 
the  iron  bridge,  is  64.70  feet  above  datum  of  gage,  the  second,  the  top 
of  the  cross-tie  or  the  base  of  the  rail  at  the  station,  80  feet  from  the 
right-bank  end  of  the  iron  bridge,  is  65.50  feet  above  datum  of  gage. 
The  west  bank  of  the  river  is  a  solid  wall  of  limestone,  the  east  bank 
is  flat  and  is  subject  to  overflow.     The  trestle  at  the  east  end  of  the 
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bridge  is  seven-eighths  of  a  mile  long.     The  section  is  good,  though 
the  water  is  very  deep  and  rather  swift. 

Daily  gage  height ,  in  feet,  of  Tombigbee  River  near  Epes,  Alabama,  far  1900. 


Day. 


1 

3 

4 
6 
6 
7 
8 
9 
10 
11 

la 

13 
14 
15 
10 
17 
18 
1« 
«) 
21 
S! 
23 
24 
25 
2K 
27 
28 
29 
30 
81 


Jan. 


8.5 

7.6 

6.5 

6.0 

6.6 

6.0 

4.5 

4.0 

3.6 

3.5 

13.0 

20.0 

23.0 

23.6 

22.0 

21. 

18. 

16.0 

11.5 

10.0 

8.5 

8.0 

8.0 

7.0 

6.5 

6.0 

5.0 

3.0 

3.0 

3.0 

3.0 


Feb.  I  Mar: 


,0 
6 


3.0 

3.0 

3.0 

3.0 

6.0 

6.0 

7.0 

7.6 

11.6 

13.5 

16.0 

20.5 

26.0 

28.0 

28. 

26. 

24.0 

22.0 

18.5 

16.0 

14.0 

15.0 

17.5 

18.0 

17 

17. 

16.0 

17.0 


.0 
.0 


6 
.0 


18.0 
19.0 
18.0 
17.0 
15.0 
14.0 
13.0 
18.0 
21.0 
28.0 
24.0 
24.0 
23.0 
20.0 
17.5 
17.0 
18.0 
18.0 
18.5 
26.0 
30.0 
82.0 
81.0 
35.5 
37.5 
38.0 
39.0 
38.5 
36.0 
83.0 
30.0 


Apr.  '  May. 


5 
5 
0 


24. 
19. 
16. 
12.0 
10.0 
8.0 
7.5 
7.5 
7.0 
6.6 
20.5 
26.0 
29.0 
80.0 
31.0 
38.0 
46.0 
48. 
61. 
61. 
62.0 
62.0 
61.5 
61.0 
49.5 
47.5 
47.0 
46.5 
46.0 
44.6 


6 
0 
6 


43.0 

41.0 

39.0 

33.5 

28.0 

20.6 

16.0 

10.0 

7.0 

7.0 

7.0 

8.0 

8.0 

7.0 

6.0 

6.0 

5.0 

4.0 

3.5 

3. 

3. 

3. 


5 
6 
6 


3.5 


0 
5 
0 


4 

4 
5 

6.0 
7.0 
7.0 
6.0 
6.0 


June. 

July. 

Aug. 
14.5 

Sept. 

Oct. 

6.0 

44.5 

2.0 

0.5 

8.0 

44.5 

12.0 

2.5 

.5 

16.0 

44.5 

10.6 

2.0 

.5 

21.0 

44.0 

8.0 

2.0 

.5 

24.5 

42.5 

6.0 

2.0 

.5 

27.0 

42.0 

6.0 

2.0 

.5 

29.5 

41.0 

5.0 

2.0 

.5 

m.o 

40.0 

4.0 

2.0 

.6 

34.5 

39.0 

3.0 

2.0 

.6 

37.0 

88.0 

2.0 

2.0 

2.0 

38.5 

84.0 

2.0 

1.5 

4.0 

39.5 

26.0 

2.0 

1.6 

6.0 

40.5 

23.0 

2.0 

1.5 

7.5 

41.0 

16.6 

2.0 

2.0 

8.5 

41.5 

13.0 

2.0 

1.5 

10.0 

42.0 

8.0 

1.6 

1.0 

10.6 

42.0 

7.0 

1.6 

1.0 

10.0 

42.0 

6.0 

1.6 

1.0 

7.5 

41.5 

6.0 

1.5 

1.0 

5.0 

41.5 

6.5 

1.5 

.5 

4.0 

41.5 

7.0 

1.0 

.5 

3.5 

41.0 

8.0 

1.0 

.5 

3.0 

41.0 

9.0 

2.0 

.5 

2.0 

42.6 

8.0 

1.5 

.5 

2.0 

42.5 

6.0 

1.5 

.5 

3.0 

43.5 

6.6 

1.6 

.5 

4.0 

43.5 

5.0 

6.0 

.6 

4.5 

43.5 

6.5 

4.6 

.5 

7.5 

44.0 

14.0 

4.0 

.6 

9.0 

44.6 

14.5 

3.0 

.5 

8.0 

14.5 

2.0 

7.5 

Nov. 

Dec. 

7.0 

8.0 

8.0 

7.6 

9.0 

7.0 

8.6 

6.0 

8.6 

5.0 

7.6 

4.5 

7.0 

4.0 

5.5 

4.0 

4.5 

4.0 

4.0 

3.6 

4.0 

3.0 

3.0 

3.0 

8.0 

3.5 

2.5 

8.6 

2.0 

3.5 

2.0 

3.5 

2.0 

3.0 

2.0 

3.0 

2.5 

3.0 

2.5 

6.0 

3.0 

5.0 

3.5 

5.0 

3.5 

8.5 

3.5 

10.0 

6.5 

11.5 

8.5 

11.5 

7.5 

12.5 

7.5 

12.0 

8.0 

10.0 

8.5 

10.0 

10.5 

YOUGHIOGHENY  RIVER  AT  FRIENDSVILLE,  MARYLAND. 


This  station,  which  was  established  by  E.  G.  Paul  on  August  1 7, 1898, 
is  located  at  the  iron  highway  bridge  connecting  the  east  and  west 
portions  of  the  village.  It  is  described  in  Water-Supply  Paper  No. 
36,  page  159.  Records  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  156.  During  1900  the 
following  measurements  were  made  by  E.  G.  Paul  and  C.  R.  Olberg: 

Febmary  15:  Gkkge  height,  6.2  feet;  discharge,  1,816  second-feet. 
Jnne  26:  Gage  height.  4.6  feet;  discharge,  361  second-feet. 
September  13:  Gage  height,  8.8  feet;  discharge,  48  second-feet. 
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Daily  gage  height,  in  feet,  of  Youghiogheny  River  at  Friendmnlle^  Maryland,  for 

'1900. 


Day. 


1 

o 

3 
4 
5 
6 

I 

8 
9 
10 
11 
13 
13 
14 
15 
16 
17 
18 
19 
3) 
21 
5S 
23 
24 
25 
2S 
27 
28 
29 
31) 
31 


5.1 
5.1 
5.1 
5.1 
5.1 
5.1 
5.2 
5.3 
5.3 
5.3 
5.4 
6.3 
6.3 
6.0 
5.8 
5.8 
5.6 


Feb. 


5.6 
5.6 
6.7 
6.0 
6.3 
6.1 
5.7 
5.5 
5.4 
5.3 
5.2 
5.0 
5.0 
5.0 


4.8 
4.8 
4.8 
4.8 
4.8 
5.4 
5.6 
6.6 
6.8 
6.6 
6.4 
6.2 
6.3 
6.4 
6.8 
6.1 
6.8 
5.6 
5.2 


5.0 
5.0 
5.0 
5.0 
5.1 
5.1 


Mar. 


6.3 
6.8 
6.6 
6.3 
6.2 


6.0 
6.8 


5.5 
5.7 
5.9 
7.0 
6.5 
6.1 
5.8 
5.6 
5.5 
5.4 
5.4 
5.5 
5.7 
5.7 


Apr.    May. 


5.8 
5.8 
5.8 
5.6 
5.5 
5.5 
5.5 
5.4 
5.4 
5.3 
5.3 
5.2 
5.1 
5.0 
5.0 


4. 
4. 
4. 
4. 
4. 
4. 


4.7 
4.6 
4.6 
4.7 
4.7 
4.8 
4.8 
4.7 
4.7 


4.6 
4.6 
4.5 
4.5 
4.5 
4.6 
4.6 
4.7 
4.7 
4.6 
4.5 
4.6 
4.7 
4.7 
4.8 
4.9 
4.9 
4.8 
4.7 
4.7 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


4.4 


Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

4.3 

4.8 

4.7 

4.0 

3.9 

4.1 

4.3 

4.8 

4.5 

4.0 

3.9 

4.1 

4.3 

4.7 

4.3 

4.0 

8.9 

41 

4.4 

4.8 

4.2 

4.0 

3.9 

4.4 

4.3 

4.6 

4.2 

4.0 

3.9 

4.3 

4.3 

4.4 

4.2 

4.0 

3.9 

4.2 

4.2 

4.3 

4.1 

4.0 

3.9 

4.2 

4.2 

4.1 

8.9 

3.9 

4.2 

4.2 

4.3 

4.0 

8.9 

3.9 

4.4 

4.2 

4.2 

4.0 

8.9 

3.9 

4.3 

4.1 

4.2 

4.0 

8.9 

8.9 

4.8 

4.1 

4.1 

4.0 

3.9 

8.9 

4.3 

4.2 

4.1 

4.0 

8.9 

8.9 

4.3 

4.5 

4.1 

4.0 

8.9 

4.1 

4.3 

4.7 

4.1 

4.1 

3.9 

4.8 

4.2 

5.4 

4.1 

4.2 

8.8 

4.3 

4.2 

6.7 

4.0 

45 

3.8 

4.2 

4.2 

7.1 

4.0 

4.5 

3.8 

4.2 

4.3 

7.0 

4.0 

4.4 

8.8 

4.2 

4.4 

6.5 

4.1  J 

L     4.3 

3.8 

4.1 

4.4 

6.0 

4.1 

4.2 

3.8 

4.2 

4.5 

5.3 

4.2 

4.2 

3.8 

4.2 

4.7 

4.8 

4.3 

4.6 

3.8 

.   4.1 

4.8 

4.7 

4.3 

4.2 

3.8 

4.0 

4.9 

4.7 

4.4 

4.3 

3.8 

4.0 

5.2 

4.6 

4.7 

4.3 

8.8 

4.0 

9.5 

4.5 

5.0 

4.1 

3.9 

4.1 

8.3 

4.6 

4.6 

4.1 

3.9 

4.2 

6.9 

4.8 

4.7 

4.2 

8.9 

4.1 

5.8 

4.9 

4.9 

4.1 

8.9 

4.1 

5.5 

5.5 

4.1 

4.1 

Dea 


5.8 
5.2 
5.1 
5.8 
5.6 
5.8 
7.5 
7.8 
6.9 
6.4 
6.1 


5. 
6. 
5. 
5. 
5. 
5. 


8 
6 

4 
4 
3 
2 


5.1 
4.9 
4.7 
4.6 
4.6 
4.5 
4.8 
4.8 
4.4 
4.6 
4.8 
5.0 
5.2 
5.2 


CHEAT  RIVER  NEAR  UNEVA,  WEST  VIRGINI/. 

This  station  was  established  July  8,  1899.  As  there  is  iio  bridge  at 
the  place  convenient  for  making  measurements,  a  cable  of  600  feet 
sj)an  was  stretched  across  the  stream  0  miles  northwest  of  Morgan- 
town,  near  Uneva,  West  Virginia.  The  station  is  described  in  Water- 
Supply  Paper  No.  36,  page  160.  During  1900  one  measurement  was 
made  by  E.  G.  Paul,  as  follows: 

June  25:  Gage  height,  2.80  feet;  discharge,  1,408  second-feet. 


Dailggage  height,  infect,  of  Cheat  River  netir  Uneva,  West  Virginia,  for  1900, 


Day. 

— 

July. 

Aug. 

8.2 

8.1 
2.9 
2.7 
2.6 
2.4 
2.4 
2.3 
2.0 
2,0 
2.0 
1.8 
1.7 
1.7 
1.7 
1.6 

Sept 

Oct. 

Nov. 

1 

Dec' 

"4.6" 
4.0 
4.3 
7.0 
7.0 
6.0 
5.0 
4.4 
4.7 
3.4 
3.4 
3.2 
3.0 
8.0 
3.0 
1           1 

Day. 
17 

July. 

Aug. 

1.6 
1.5 
1.5 
1.6 
2.0 
1.9 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 
2.0 
2.8 
2.3 

Sept. 

1.4 
1.4 
1.4 
1.4 
1.3 
1.5 
1.5 
1.4 
1.4 
1.5 
1.3 
1.3 
1.4 
1.4 

Oct. 

Nov. 

Dec 

1 

3.^ 
2.8 
2.7 
2.6 
2.6 
2.4 
2.3 
8.0 
2.9 
2.9 
2.8 
2.7 
2.6 
2.5 
2.6 
2.6 

2.8 
2.1 
2.0 
1.9 
1.6 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.1 

2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.6 
■   1.7 
1.7 
1.7 
1.7 
1.6 
1.5 
1.5 
1.4 

1.6 
1.6 
1.7 
1.7 
1.6 
2.0 
2.3 
2.5 
2.4 
2.2 
2.0 
1.9 
1.9 
1.9 
2.0 

o  o 

2.8 
2.9 
2.9 
3.0 
3.0 
3.0 
2.9 
3.5 
4.8 
5.1 
5.2 
4.9 
8.7 
3.4 
3.2 

1.4 
1.4 
1.5 
1.4 
1.3 
1.3 
1.3 
2.3 
2.3 
2.2 
2.1 
2.0 
1.8 
1.7 
1.8 

2.2 
2.1 
2.2 
3.0 
3.3 
3.5 
8.8 
4.0 

2.9 

55 

18 

2.8 

3 

4 

19 

20 

2.8 
2.7 

5 

21 

2.7 

8 

7 

22 

23 

2.6 
8.0 

8 

24 

8.2 

9 

25 

8.3 

10 

26 

3.3 

11. 

27 

8.2 

12 

28 

8.1 

13 

29 

8.1 

14 

30 

15 

31 

16 

» 
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NEW   RIVER  AT  RADFORD,  VIRGINIA. 

This  station,  which  was  established  by  D.  C.  Humphreys  on  Angpst 

1,  1898,  the  gage  having  been  erected  by  tlie  United  States  Weather 

Bureau,  is  described  in  Water-Supply  Paper  No.  36,  page  161.     On 

account  of  the  inaccuracies  of  the  Weather  Bureau  gage,  a  wire  gage 

was  prut  in  February  23,  1900,  the  zero  being  on  the  same  level  as 

that  of  the  old  gage.     The  observer  is  T.   M.   Brady.     Records  of 

measurements  for  1899  will  be  found  in  Water-Supply  Paper  No.  36, 

page  162.     During  1900  the  following  measurements  were  made  by 

D.  ('.  Humphreys: 

February  23:  Qage  height,  2.55  feet;  discharge,  11,681  second- feet. 
February  24:  Qage  height,  2.10  feet;  discharge,  8,500  seconu-feet. 
March  30:  Gage  height,  1.78  feet;  discharge,  7.709  second  feet. 
June  27:  Gage  height,  1.62  feet;  discharge,  6,749  second-feet. 
July  28:  Gage  height.  1.25  feet;  discharge,  5,256  second -feet. 
Angnist  22:  Gage  height,  0.00;  discharge,  1,365  second-feet. 
December  20:  Ghige  height,  0.70  foot;  discharge,  2,975  second-feet. 

Daily  gage  height,  in  feet,  of  New  River  at  lutdford,  Virginia^  for  1900, 


Day. 

Jan. 

Feb. 

0.80 

.80 

.00 

.80 

.80 

.70 

1.00 

1.20 

.90 

1  00 

.90 

1.30 

2.00 

4.80 

2.80 

1.70 

1.50 

1.40 

1.80 

.90 

1.00 

8.00 

2.90 

2.20 

2.10 

1.90 

1.00 

2.60 

Mar. 

r».85 

6.60 
8.20 
2. 10 
2.00 
1.90 
1.80 
2.10 
2.20 
2.00 
2.70 
2.60 
2.00 
1.80 
1.70 
1.40 
1.70 
1.60 
1.80 
3.95 
4.50 
8.30 
2.40 
2.20 
2.10 
1.00 
2.60 
2.40 
1.90 
1.70 
1.00 

Apr. 

1.90 
1.2i> 
1.20 
1.10 
l.::0 
1.10 
1.00 
1.00 
.90 
1.00 
1.90 
1.80 
1.20 
1.00 
.90 
.80 
.80 
.70 
4.00 
2.60 
2.30 
2.70 
2.90 
2.30 
1.90 
1.70 
1.60 
1.40 
1.30 
1.20 

May. 

1 

0.20 

.20 

.20 

.20 

.20 

.20 

.80 

.30 

.40 

.50 

.70 

1.00 

8.00 

1.90 

1.60 

1.20 

.90 

.80 

1.00 

2.40 

1.90 

1.80 

1.60 

1.80 

1.20 

1.00 

.90 

.80 

.30 

.20 

.30 

1.20 

2 

1.10 

8 

4 

5 

1.00 

i.a) 

1.20 

1.00 

1.00 

.90 

1.00 

1.30 

1.00 

1.00 

1.00 

.90 

.90 

.80 

.80 

.80 

.90 

.80 

1.00 

.90 

.90 

.80 

2.00 

1.90 

1.00 

1.10 

1.00 

.90 

.90 

6 

7 

8 

9 

10 

U 

12  

18 

U 

15 

16.... 

17 

18 

19 

20 

21 

22 

28.-.. 

24 

25 

26 

27 

28 

29 

80...  

31 

'  June. 


0.80 

.70 
1.00 
1.00 

.90 

.90 

.80 

.90 

.80 

.80 

.70 

.70 
80 

on 

10 

.20 

.60 

1.20  I 

2.a) 

40 
10 
00 
20 


1. 
1. 
1. 
1. 


1. 

1. 
1. 
1. 


1. 00 
2.  or) 
60 
,00 
60 
80 


1. 
2. 
1. 
1. 


\M) 


July. 


1.00 
.80 
.60 
.70 
.90 
.70 
.50 
.37 
.34 
.«) 
.36 
.42 
.28 
.14 
.30 
.38 
.26 
.14 
.03 
.00 
.08 
.16 
.24 
.43 
.50 
.58 
.86 

2.2r) 
.80 
.00 
.50 


Aag.    Sept.  !  Oct. 


0.40 
.30 
.20 
.80 
.30 
.(» 
.(JO 

-  .30 

-  .40 

-  .70 

-  .90 

-  .(K) 

-  .50 

-  .80 

-  .70 

-  .60 

-  .80 

-  .80 

-  .70 

-  .70 

-  .60 
.00  , 
.(M)  I 
.10! 
.20  I 
.20  I 

.00  ; 

.00  I 

-  .:.'0 

-  .30 


I  — 


0.80 
.80 
.40 
.30 
.80 
.80 
.70 
.70 
.60 
.40 
.30 
.50 
.40 
.40 
1.00 
2.85 
2.40 
1.20 
.50 
.20 
.40 
.50 
..W 
.60 
.40 

.;« 

.30 
.00 
.30 
.40 


-0.40 
-  .40 
.00 
.00 
.00 
.10 
.10 
.2t) 
.20 
.30 
.30 
.00 
.00 
.30 
.80 
.30 
.20 
.10 
.00 
.00 
.00 
.30 
6.83 
33.  a) ' 


Nov.    Dec 


60 

;?o 

:)0 
20 
20 
1.00 
1.08 


1. 
1. 


0.90 
.80 
.80 
1.00 
1.40 
20 
.00 
.90 
.80 
.HO 
.7(» 
.60 
.60 
.50 
.00 
.50 
.40 
.40 
.80 
.30 

.m 

.50 

.50 

.40 

.50 

7.80 

4.80 

2.40 

1.90 

1.80 


eo 

00 
00 
60 
50 
00 
00 
00 
2.10 
2.00 
1.80 


1.40 
1.00 
1.00 
.90 
.90 
.80 
.80 
.70 
.70 
.00 
.00 
.80 
.70 
1.00 
.90 
.70 
.80 
.TO 
.00 


GREBNBRIER  RIVER  AT  ALDERSON,  WEST   VIRGINIA. 

This  station,  which  was  established  by  C.  C.  Babb  and  D.  C.  Hum- 
phreys on  August  1,  1895,  is  described  in  Water-Supply  Paper  No.  36, 
page  163.  Records  of  measurements  during  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  159.  During  1900  the  fol- 
lowing measurements  were  made  by  D.  C.  Humphreys: 

March  31:  Gkige  height,  4.07  feet;  discharge,  5,128  second-feet.  * 
June  29:  Gkige  height,  1.99  feet;  discharge,  564  second-feet 
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Jnly  24:  Gage  height.  1.97  feet;  discharge,  493  Becond-feet. 
Angast  20:  Gktge  height,  1.3S  feet;  discharge,  148  second-feet. 
December  21:  Gage  height,  2.24  feet;  discharge,  834  second-feet. 

Daily  gage  height^  in  feet,  of  Oreenbrier  River  at  Alderson,  West  Virginia,  for  1900, 


Day. 


1 

2 

3 

1.90 
1.88  : 
1.88 

4 

1.88 
1.80 
1.86 
1.85 
1.85 
1.85 
2.05 
2.05 
2.17 
4.18 
8.15 
2.80 
2.53 
2.38 
2.40 
2.65 
5.98 
5.«> 
4.33 
3.45 
3(C 
2.7.-> 
2.55 
2.4:j 
2.25 
2.JXS 
ri  45 
2.05 

5 

6 

7 

8 

9 

in 

11 

12 

13 

14 

15 

16 

17 

18 

19 

90 

21 

23 

23 

24 . 

25 

26 

27 

28 

29 

30 

31 

Jan.     Feb. 


2.15 
1.85 
1.95 
1.96 
1.95 
2.10 
2.40 
2.60 
3.75 
4.25 
3.45 
3.10 
7.24 
7.90 
5.05 
4.00 
8.48 
3.10 
2.65 
2.50 
2.55 
4.05 
5.40 
4.37 
3.75 
3.63 
3.20 
2.83 


Mar.  I  Apr.    May. 


5. 

4. 


3.98 
6.81 
,08 
00 
8.56 
3.55 
4.53 
4.90 
4.20 
3.70 
3.45 
3.17 
8.00 
2.90 
2.98 


87 
85 
60 
89 
8.12 
8.23 
5.50 
4.60 


8.40 
4.85 
4.60 


4. 
4. 
4. 


75 
13 
05 


8.80 
4.10 


2. 
2. 
3. 
3. 
2. 
2. 
2. 


3.90 
3.48 
8.30 
3.20 
8.08 
8.00 

.  oo 
.80 
.00 
.02 
.85 
65 
.55 
2.60 
2.37 
2.80 
2.20 
2.40 
2.62 
8.40 
8.55 
8.65 
8.73 
3.45 
3.16 
2.92 
2.75 
2.20 
2.45 
2.40 


2.30 
2.25 
2.18 
2.15 
2.10 
2.05 
2.02 
2.U0 
1.95 
2.10 
2.00 
1.95 
1.97 
1.92 
1.85 
1.83 
1.80 
1.77 
\.Ti 
1.80 
2.90 
2..'i0 
2.32 
2.30 
2.20 
2.50 
2.45 
2.20 
2.20 
2.40 
2.40 


Jane. 


2.25 

2.15 
2.10 
2.20 
2.13 
2. 06 
1.98 
1.90 
1.90 
1.88 
1.82 
1.75 
1.68 
1.70 
205 
2.28 
3.20 
5.23 
4.40 
8.50 
3.00 
2.65 
2.45 
2.25 
2.15 
2.07 
2.05 
1.95 
1.95 
2.00 


Jnly. 

Aug. 

Sept. 
1.55 

Oct. 
1.40 

Nov. 

2.75 

2.45 

1.45 

3.IJ0 

2.15 

1.53 

1.50 

1.58 

2.45 

2.00 

1.48 

1.45 

1.60 

2.40 

1.90 

1.45 

1.43 

3.20 

2.08 

1.80 

1.40 

1.40 

2.75 

2.00 

1.70 

1.38 

1.38 

2.25 

1.90 

1.42 

i.a5 

1.37 

2.05 

1.98 

1.60 

1.30 

1.35 

1.93 

1.03 

1.57 

1.28 

1.38 

1.90 

1.78 

1.55 

1.27 

1.87 

1.80 

1.73 

1.52 

1.25 

1.35 

1.72 

1.65 

1.48 

1.23 

1.35 

1.75 

1.63 

1.45 

1.20 

1.33 

1.75 

1.60 

1.40 

1.20 

1.45 

1.85 

1.55 

1.40 

1.31 

1.70 

1.80 

1.52 

1.40 

1.88 

1.70 

1.78 

1.45 

1.85 

1.65 

1.60 

1.75 

1.45 

1.87 

1.60 

1.56 

1.68 

1.45 

1.40 

1.46 

1.60 

1.65 

1.42 

1.37 

1.40 

1.45 

1.62 

1.42 

1.40 

1.88 

1.45 

1.60 

1.48 

1.40 

1.48 

1.43 

1.72 

2.10 

1.50 

1.60 

2.47 

2.43 

2.20 

1.40 

1.63 

3.68 

8.88 

2.27 

1.45 

1.60 

2.00 

8.68 

2.44 

1.40 

1.53 

2.45 

18.23 

3.97 

1.60 

1.45 

2.25 

9.80 

3.90 

1.60 

1.40 

2.00 

5.  OB 

2.90 

1.55 

1.45 

1.75 

4.00 

2.50 

1.60 

1.40 

1.70 

3.37 

2.48 

].50 

1.63 

Dec 


3.00 
2.75 
2.68 
8.48 
7.00 
6.15 
4.00 
8.56 
8.40 
8.40 
3.16 
2.92 
2.73 
2.65 
2.66 
2.45 
2.30 
2.25 
2.25 
2.20 
2.23 
2.20 
2.08 
2.05 
2.18 
2.28 
2.18 
2.18 
2.12 
2.38 
2.35 


NORTH  FORK    OF    NEW  RIVER  AT    WEAVERSFORD,  NORTH    CAROLINA. 

During  the  summer  of  1900  a  special  investigation  of  the  hydro- 
graphic  conditions  of  the  southern  Appalachian  region  was  made  by 
the  United  States  Geological  Survey.  Temporary  stations  were  estab- 
lished on  several  of  the  largest  rivers,  among  these  being  the  North 
Fork  and  the  South  Fork  of  New  River.  A  station  was  also  estab- 
lished on  New  River  near  Oldtown,  Virginia.  The  regular  station  on 
New  River,  which  is  at  Fayette,  West  Virginia,  has  been  continued. 
Descriptions  of  these  temporary  stations  and  the  gage  heights  obtained 
are  given  on  the  following  pages. 

The  station  at  Weaversford  was  established  July  27,  1900,  by  Cleve- 
land Abbe,  jr.,  and  N.  C.  Curtis.  The  nearest  railroad  station  is  at 
North  Wilkesboro,  40  miles  distant,  and  the  Weaversford  post-office  is 
a  fourth  of  a  mile  from  the  gaging  station,  which  can  only  be  reached 
by  private  conveyance.  The  gage  rod  is  12.6  feet  long,  and  is  divided 
into  feet  and  tenths.  It  is  nailed  to  the  downstream  vertical  timber  of 
the  forebaj'  of  Dixon's  mill .  The  discbarge  measurements  ai'e  made  by 
wading  at  a  comparatively  shallow  ford,  not  much  used  and  not  on  a 
public  highway,  located  400  yards  below  the  house  of  Mr.  Dixon,  the 
owner  of  the  mill.  The  initial  point  of  sounding  is  on  the  right  bank, 
at  the  out«r  edge  of  a  fence  post  opposite  the  ford  where  measure- 
ments are  made.     The  banks  are  high  and  have  been  overflowed  only 
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once,  viz,  in  1878.  The  bed  of  the  stream  is  rocky  and  gravelly,  and 
is  constant  in  form.  The  observer  is  C.  L.  Nelson,  post-office  address 
Weaversford,  Ashe  County,  North  Carolina.  The  gage  heights  for 
1900  will  be  published  next  year.  During  1900  the  following  measure- 
ments were  made  by  N.  C.  Curtis  and  Cleveland  Abbe,  jr. : 

July  38:  Gage  height,  0.60  foot;  discharge,  536  second-feet. 
October  27:  Gage  height,  0.90  foot;  discharge,  70S  second-feet. 

SOUTH   FORK   OF  NEW   RIVER  AT  NEW  RIVER,    NORTH   CAROLINA. 

• 

This  station  was  established  July  28,  1900,  by  Cleveland  Abbe,  jr., 
and  N.  C.  Curtis.  The  nearest  railroad  station  is  North  Wilkesboro, 
30  miles  distant,  and  the  gaging  station  can  only  be  reached  by  pri- 
vate conveyance.  The  discharge  measurements  are  made  by  wading 
across  a  ford  a  half  mile  above  the  confluence  of  the  North  and  South 
forks  of  New  River  and  about  1  mile  downstream  from  the  gage  at 
Warden's  store.  The  gage  is  a  wire  cord  running  over  a  bolt  driven 
into  a  locust  tree,  and  reads  on  a  horizontal  scale  divided  into  feet 
and  tenths.  The  pointer  or  index  on  the  gage  wire  is  10.55  feet  from 
the  extreme  tip  of  the  double  window-sash  weights  which  are  attached. 
When  the  latter  rest  on  the  bottom,  the  index  stands  opposite  1  foot 
on  the  scale,  which  is  read  direct.  The  initial  point  of  sounding  is  a 
notch  on  the  stream  side  of  the  ^cond  small  poplar  on  the  left  of  the 
road  going  toward  the  stream  and  opposite  the  ford.  The  channel  is 
straight,  the  current  fairly  swift,  and  the  banks  are  low  and  seldom 
overflow.  The  bed  of  the  stream  is  rocky,  with  bowlders  and  cobbles. 
The  drainage  area  at  this  station  is  326.5  square  miles.  The  observer 
is  F.  R.  Warden,  a  storekeeper  located  about  75  yards  downstream 
from  the  gage.  During  1900  the  following  measurements  were  made 
by  N.  C.  Curtis  and  Cleveland  Abbe,  jr. : 

July  28:  Gage  height,  2.7  feet;  discharge,  751  second-feet. 
October  28:  Gage  height,  2.6  feet;  discharge,  1,685  second-feet. 

Daily  gage  height,  in  feet ,  of  South  Fork  of  New  River  at  New  Bitter,  North  Caro- 
lina, for  1900. 


Day.        July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

2.80 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

Oct. 

2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
7.90 
6.70 
3.75 
8.05 
2.90 
2.70 
2.60 
2.60 
2.60 

Nov. 

Dec. 

1 1 

2.46 
2.85 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.35 
2.40 

2.  as 

2.30 

2.80 
2.25 
2.20 
2.20 
2.2U 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.56 
2.60 
3.70 

2.30 
2.30 
2.45 
2.80 
2.75 
2.70 
2.55 
2.50 
2.45 
2.40 
2.45 
2.35 
2.30 
2.30 
2.30 
2.30 

2.60 
2.60 
3.60 
8.80 
8.30 
2.80 
2.65 
2.60 
2.60 
2.60 
2.60 
2.55 
2.50 
2.50 
2.45 
2.40 

2.70 
2.70 
2.70 
3.05 
3.70 
3.20 
2.85 
2.80 
2.80 
2.75 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

17 

2.20 

2.40 

2.40 

2.40 

2.40  1 

2.85 

2.80  1 

2.80  . 

2.30  ' 

2.70 

5.20 

3.60 

8.05 

2.95 

2.80 



2.60 

2    ! 

18 

«         *  ■  ■ 

2.20 

2.60 

3   

19 

2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.30 

2.00 

4     

20 

2  GO 

5    

21 

2.00 

A 

22 

2.00 

7   

23 

2.70 

8   

24 

2.00 

9    

25 

2.60 

10   

28 

2.25 

2.60 

11 

27 

2.20 
2.20 
2.60 
2.45 
2.35 

2.60 

12   

28 

2.60 

18 

29 

2.65 
2.50 
2.60 

2.00 

14 

30 

2  60 

15 

31 : 

2.80 

10 

1      

1 

1 
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NEW   RIVER  NEAR  OL.DTOWN,  VIRGINIA. 

This  Station,  which  was  established  by  Cleveland  Abbe,  jr.,  and 
N.  C.  Curtis,  July  31, 1900,  is  located  about  2  miles  west  of  Oldtown, 
and  can  only  be  reached  by  private  conveyance.  Oldtown  is  30  miles 
from  the  railroad  at  Mount  Airy,  and  9  miles  from  a  branch  of  the 
Norfolk  and  Western  Railway.  The  wire  gage  is  suspended  from  an 
overhanging  tree  on  the  left  bank,  50  yards  upstream  from  the  ferry. 
The  horizontal  scale  is  so  placed  that  the  zero  mark  is  next  to  the  bank. 
The  distance  from  the  index  on  the  wire  to  the  bottom  of  the  weight 
is  16.1  feet.  The  initial  point  of  sounding  is  on  the  right  bank,  and 
is  a  notch  cot.  in  the  wooden  upright  of  the  beam  supporting  the  north 
end  of  the  ferry  cable.  The  channel  above  and  below  the  station  is 
straight  and  the  current  is  fairly  swift.  The  right  bank  is  rather 
low  and  is  subject  to  overflow.  The  left  bank  is  rarely  submerged 
ill  flood.  The  bed  of  the  stream  is  rocky  and  sandy.  The  observer 
is  Joshua  Austin,  a  farmer  of  Oldtown.  During  1900  the  following 
measurements  were  made  by  N.  C.  Curtis  and  Cleveland  Abbe,  ji-. : 

Jnly  31:  Gage  height,  6.6  feet;  discharge,  1,041  second-feet. 
October  29:  Gage  height,  6.3  feet;  discharge,  2,293  second-feet. 

Daily  gage  Jieight,  in  feet,  of  New  River  near  Oldtown,  Virginia,  for  19()0, 


Day 


Aug.  Sept.  Oct.   Nov.   Doc. 


1 

6  70 

Q 

•*      ......      ---.«__-* 

:j 

4 

6.70 
6.90 

5       ... 

6  90 

e  

6.90 

f 

8     

6.90 
6.80 

9   

10 '.:;;;. 

11  

7.00 
7.10 
7.1(1 

Vi 

7.J5n 

W     -    .. 

7  :J0 

u 

7.20 

15  

6.70 

irt 

6.80 

6.90 

6.60 

6.30 

6.80 

6.80 

6.60 

6.30 

6.90 

6.70 

5.40 

6.50 

7.00 

6.60 

5.10 

5.80 

7.10 

6.40 

5.60 

4.60 

7.10 

6.40 

5.10 

5.50 

7.10 

6.50 

6.80 

5.80 

7.10 

6.60 

6.40 

5.90 

7.20 

6.70 

6.50 

5.90 

7.30 

6.70 

6.50 

6.00 

7.20 

6.80 

6.50 

6.10 

7.20 

6.90 

6.60 

6.20 

7.20 

6.90 

6.70 

6.30 

6.80 

6.80 

6.60 

6.30 

5. 70 

6.9rj 

6.60 

6.50 

3.90 

6.90 

6.70 

6.50 

Day. 


Aug. 'Sept.  Oct.    Nov.    Dec. 


17 

6.10 

5.80 

18 

'7.00 

6.60 

19 

7.00 

6.80 

30 .. 

7.10 

6.90 

21 

6.90 

6.80 

22 

6.90 

6.80 

33 

6.50 

6.80 

34 

6.60 

6.70 

35 

6  70 
6.90 

6  80 

36  

6.50 

'  "7 

6.10 

6.80 

38  

6.10 
7.00 

6  90 

39 .. 

6.90 

;»    

6.30 
6.60 

31  

i 
1 

6.90 
6.10 


10 
10 


6.10 
6.10 
6.  in 
1.30 
4.30 
5.40 
5.90 
6.10 
6.30 
6.30 
6.50 


6.80 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 
6.60 
2.40 
4.60 
5.80 
6.10 
6.20 


6.50 
6.60 
6.60 
6.70 
6.70 
6.  .50 
6.50 
6.50 
6.80 
6.70 
6.70 
6.70 
6.70 
6.30 
6.40 


NEW   RIVER  AT   FAYETTE,  WEST  VIRGINIA. 

This  station,  which  was  established  July  29,  1805,  is  just  above  the 
mouth  of  Wolf  C'reek,  on  the  one-span  highway  bridge  at  Fayette, 
West  Virginia.  It  is  described  in  Water-Supply  Paper  No.  36,  page 
164.  Records  of  measurements  for  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  157.  During  1900  the  following 
measurements  were  made  by  D.  C.  Humphreys: 

March  31:  Gskge  height,  8.49  feet;  discharge,  17,387  second-feet. 
Jtme  29:  Gkige  height,  5.58  feet;  discharge,  11,436  second-feet. 
July  25:  Gage  height,  2.47  feet;  discharge,  4,625  second- feet. 
August  20:  Gage  height,  0.55  foot;  discharge,  2,275  second-feet. 
December  21:  G^ge  height,  3.40  feet;  discharge,  5,915  second-feet. 
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Daily  gage  height,  in  feet,  of  New  River  at  Fayette,  West  Virginia,  for  1900, 


Day. 


1. 

2. 

8. 

4. 

5. 

tf. 

7. 

8. 

9. 
10. 
11. 

la. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
26. 
26. 
27. 
28- 
29. 

au. 

31. 


Jan. 

Feb. 

Mar. 

2.95 

3.95 

7.80 

8.20 

8.60 

12.50 

3.40 

8.55 

8.15 

8.10 

8.60 

6.40 

3.10 

3.40 

5.56 

3.01) 

3.45 

4.05 

3.  US 

8.30 

4.10 

3.10 

3.05 

«.80 

3.40 

8.00 

3.50 

3.60 

8.20 

8.45 

4.10 

8.40 

3.90 

4.44 

4.06 

4.05 

6.20 

4.20 

4.00 

5.46 

11.25 

4.00 

5.80 

9.60 

5.10 

5.00 

7.05 

5.75 

4.70 

8.40 

5.K5 

4.40 

3.55 

6.20 

4.80 

4.10 

7.86 

5.45 

4.05 

10.40 

8.76 

5.10 

13.60 

6.40 

5.40 

12.30 

4.40 

7.30 

9.90 

8.25 

6.55 

7.46 

8.60 

5.60 

5.95 

8.35 

6.10 

5.15 

8.50 

5.30 

4.90 

8.60 

4.20 

7.50 

8.75 

9.65 

4.20 

8.60 

4.05 

8.60 

Apr. 

May. 
4.50 

June. 

July. 

Aug. 
3.00 

Sept. 

Oct. 

Nov. 

Dec 

8.80 

4.30 

6.60 

0.90 

1.10 

8.60 

!  (a) 

7.60 

4.40 

8.60 

6.16 

2.20 

.90 

.96 

8.70 

W 

6.90 

4.10 

3.30 

5.30 

1.40 

.90 

.80 

8.00 

(a) 

6.50 

4.00 

8.00 

4.00 

1.00 

.80 

.80 

2.80 

fa) 

6.20 

4.00 

4.00 

3.10 

.70 

.80 

.76 

2.65 

(a) 

6.70 

8.95 

8.60 

2.70 

.60 

.70 

1.10 

2.90 

a) 

5.40 

3.85 

3.80 

2.90 

.25 

.70 

1.10 

8.25 

A 

5.00 

8.85 

8.00 

2.10 

.10 

.70 

1.46 

8.40 

A 

4.85 

8.90 

2.65 

1.80 

.10 

.60 

1.70 

8.80 

A 

4.95 

4.00 

2.50 

1.45 

.00 

.76 

1.80 

4.00 

(a) 

4.75 

4.50 

2.40 

1.10 

.90 

.80 

1.60 

8.76 

(a) 

4.40 

4.00 

2.20 

.90 

.60 

.a5 

1.35 

8.60 

(a 

4.25 

4.25 

8.45 

.80 

.30 

.75 

1.40 

8.45 

(a 

4.30 

3.86 

3.60 

.70 

.20 

.90 

2.06 

8.85 

(« 

4.20 

3.55 

3.60 

.60 

.10 

.80 

2.25 

&10 

3.80 

3.25 

8.20 

.60 

.10 

.00 

2.00 

aoo 

8.60 

3.15 

10.40 

.60 

.20 

6.15 

1.85 

2.70 

(o) 
(a) 

3.40 

2.90 

11.00 

.60 

.20 

7.80 

3.06 

2.60 

3.80 

4.50 

10.50 

.80 

.10 

6.00 

8.20 

2.40 

(a) 

10.20 

4.45 

8.50 

.90 

.30 

5.40 

2.96 

2.80 

8.50 

4.10 

6.80 

.90 

.20 

5.05 

8.15 

8.10 

(a) 

8.00 

4.60 

6.30 

.75 

.40 

4.60 

8.15 

4.40 

9.80 

4.10 

6.00 

.60 

.40 

4.30 

2.90 

5.80 

(a) 

9.80 

3.50 

5.80 

2.10 

.50 

2.85 

16.05 

6.60 

2.60 

7.85 

4.00 

6.60 

2.70 

.70 

2.50 

18.10 

2.80 

6.85 

6.55 

5.;» 

2.90 

1.00 

2.05 

13  30 

25.  (JO 

3.00 

6.10 

6.05 

5.00 

5.00 

1.15 

1.4D 

10.00 

3.20 

5.50 

5.30 

4.70 

6.20 

i.;« 

1.25 

6.50 

3.50 

5.00 

4.60 

5.50 

6.60 

1.60 

1.15 

5.00 

(a) 

.   3.90 

4.60 

4.25 

6.75 

5.00 

2.00 

1.90 

4.75 

(a) 

3.90 

4.90 

3.80 

1.40 

4.00 

4.10 

a  Qage  broken;  no  record. 


SOUTH  FORK  OF  HOLSTON   RIVER  AT  BLUFF  CITY,   TENNESSEE. 

This  station  was  originally  established  by  the  United  States  Weather 
Bureau  at  the  highway  bridge  at  Bluff  City.  Readings  were  begun 
July  17,  IIKX),  by  the  United  States  Geological  Survey,  in  connection 
with  the  general  hydrographic  investigation  of  the  southern  Appala- 
chian region.  The  gage  is  a  4-inch  by  8-inch  timber  bolted  to  the 
downstream  side  of  the  stone  pier.  The  initial  point  of  sounding  is 
on  the  north  end  of  the  bridge,  downstream  side.  The  channel  is 
straight  for  about  500  feet  above  and  below  the  bridge,  and  the  cur- 
rent is  swift.  The  north  bank  is  high,  but  the  south  bank  is  subject 
to  overflow  at  the  bridge.  The  bed  is  rocky  and  constant  in  section. 
The  drainage  area  is  828.1  square  miles.  O.  V.  Cox  is  the  observer. 
During  1900  the  following  measurements  were  made  by  E.  W.  Myers 
and  L.  V.  Branch : 

Jaly  17:  Gage  height,  0/^.1  foot;  discharge,  378  second-feet. 
Aagust  16:  Gage  height,  0.25  foot;  discharge,  829  second-feet. 
September  25:  Gage  height,  1.15  feet;  discharge,  791  second-feet. 
November  8:  Gage  height.  0.90  foot;  discharge,  681  second-feet. 
I>ecember  27:  Gage  height,  0.60  foot;  discharge,  892  second-feet. 
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DaUygage  heigM,  in  feet  ^  of  South  Fork  of  Holaton  River  at  Bluff  City,  Tennessee, 

for  1900. 


Day. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

0.05 

.00 

.00 

1.70 

1.80 

1.50 

1.40 

1.00 

.80 

.80 

.80 

.80 

.80 

.70 

.00 

.50 

Dec. 

Day. 

Jaly. 

Aug. 

Sept. 

1.70 
.90 
.00 
.50 
.50 
.20 
.90 
1.10 
1.00 
.90 
.70 
.70 
.70 
.40 

Oct. 

Nov. 

Dec. 

1 

0.30 
.25 
.25 
.26 
.20 
.20 
.20 
.15 
.15 
.10 
.10 
.10 
.10 
.05 
2.00 
3.00 

0.45 
.40 
.30 
.20 
.20 
.10 
.10 
.30 
.30 
.25 
.25 
.20 
.20 
.20 
.20 
.25 

1.40 
1.20 
1.10 
2.65 
4.35 
3.20 
2.70 
1.50 
1.70 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.20 

17 

18 

0.40 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.00 

2.00 

3.70 

1.80 

0.20 

.20 

.20 

.20 

1.00 

1.50 

1.40 

.00 

.40 

.35 

.30 

.25 

.20 

1.20 

.00 

0.20 

.10 

.10 

.10 

.10 

.40 

.45 

2.00 

1.90 

1.00 

1.30 

1.20 

1.10 

.70 

.70 

0.45 

.40 

.50 

.55 

.55 

.65 

.00 

.90 

1.30 

4.30 

8.70 

2.50 

1.90 

1.00 

1.00 

2 

.80 

3... 

19 

20 

.80 

4 

.75 

5 

t 

21 

.75 

6 ,.... 

1 

22 

.70 

7 ::.:: 

28 

24 

25 

.70 

8 

.70 

9 

.70 

10 

28 

.70 

11 

0.00 
.45 
.35 
.30 
.25 
.25 

27 

28 

29 

.00 

12 

.00 

13 

.00 

14 1 

30 

.00 

15 

31 

.80 

16 

WATAUGA  RIYBR  AT  BUTLER,  TENNESSEE. 

In  connection  with  the  general  hydrographic  investigation  of  the 
sonthern  Appalachian  region,  stations  were  established  on  Watauga 
River  and  on  Roan  Creek  iat  Butler,  Tennessee;  also  on  Elk  Creek  at 
Lineback,  Tennessee.  Descriptions  of  these  stations  and  records  of 
the  gage  heights  and  discharge  measurements  are  given  on  the  follow- 
ing pages.  The  station  on  Watauga  River  at  Butler  is  about  100 
yards  below  the  mouth  of  Roan  Creek.  It  was  established  August 
14,  1900.  The  gage  rod,  which  is  graduated  to  feet  and  tenths,  is 
nailed  to  a  tree  on  the  right  bank.  Measui*ements  are  made  from  the 
highway  bridge.  The  initial  point  of  sounding  is  at  the  downstream 
end  of  the  guard  rail.  The  channel  is  straight  above  and  below  the 
station,  and  the  current  is  swift.  The  banks  are  high,  and  the  bed  is 
sandy  and  rocky.  The  drainage  area  is  261  square  miles.  The 
observer  is  Edgar  L.  ShuU.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers  and  L.  V.  Branch: 

July  90:  Ghige  height,  1.37  feet;  discharge,  434  second-feet 
August  7:  G«ge  height,  0.90  foot;  discharge,  214  second-feet. 
Angnst  17:  Gage  height,  0.84  foot;  discharge,  166  second-feet. 
October  6:  Gage  height,  1.12  feet;  discharge,  238  second-feet. 
November  7:  Gage  height,  2.20  feet;  discharge,  591  second-feet. 
December  28:  Q^ge  height,  1.40  feet;  discharge,  311  second- feet. 

Daily  gage  height,  in  feet,  of  Watauga  River  at  Butler,  Tennessee,  for  1900, 


Day. 

ATIg. 

Sept. 

Oct. 

Nov. 
5.60 

1 

Dec. 

1 

Day. 

Angr. 

Sept. 

4.50 
4.00 
3.20 
2.70 
1.10 

Oct. 

Nov. 

J^GC* 

1 

0.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
1.70 
1.70 
3.10 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.90 
.80 
.70 

2.00 

17 

0.70 
.70 
.70 
.70 
.70 

1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
5.40 
4.00 
3.00 
8.00 
2.40 

1.50 

2 

6.00     2.40  1 

18  

0.90 

.80 

.80 

1.10 

1.60 

1.30 

1.20 

.90 

.90 

.90 

.90 

.80 

1.90 

1.40 

1.50 

3 

2.30 
2.10 

2.40  ' 

.son 

19 

20  

1.60 

4 

1.50 

5 

2.50  1  4.00  ' 

21 

1.50 

6 

2.30 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.60 
1.60 
1.50 

3.50 
3.00 
2.60 
2.10 
1.90 
1.60 
1.50 
1.50 
1.50 
1.60 

22 

1.00       -70 

1.60 

7 

23 

1.10 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

15.00 
9.00 
4.50 
2.50 
2.00 
4.50 
4.00 
4.00 
3.20 

1.50 

8 

24 

1.50 

»   

25 

1.50 

0 

26 

1.50 

.1 

27 

1.50 

:2 

28 

1.50 

13 

29 

30 

1.50 

14 

1.W 
.80 
.70 

1.60 

15 

31 

1.50 

16 

1.50     1.50  1 

1 
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ROAN   CREEK   AT  BUTLER,  TENNESSEE. 

This  station  was  established  August  H,  11)00.  The  gage  is  a  vert.ieal 
rod  nailed  to  a  tree  on  the  left  bank  of  the  stream,  at  ('ole  &  Scott's 
gristmill,  about  a  half  mile  above  the  mouth  of  the  creek.  Measure- 
ments are  made  from  the  highway  bridge  at  the  mouth  of  the  creek, 
the  initial  point  of  sounding  being  on  the  right  bank,  at  the  endjof  tlie 
upstream  guard  rail.  The  left  bank  is  low  and  is  subject  to  overflow. 
The  bed  is  composed  of  sand  and  mud.  The  drainage  area  is  163.  r> 
square  miles.     The  observer  is  W.  N.  Bridges,  of  Butler. 

During  1900  the  following  measurements  were  made  by  E.  W.  Myers 
and  L.  V.  Branch: 

July  30:  Gage  height,  1.47  feet;  discharge,  137  secoud-feet. 
August  7:  Gage  height,  1.02  feet;  discharge,  65  second-feet. 
August  17:  Gage  height,  0.85  foot;  discharge,  58  second-feet. 
October  6:  Gage  height,  0.86  foot;  discharge,  52  second-feet. 
November  7:  Gage  height,  1.50  feet;  discharge,  171  second-feet. 
December  28:  Gage  height,  1.20  feet;  discharge,  82  second-feet. 

Daily  gage  height,  in  feet,  of  Roan  Creek  at  Butler,  Tennessee,  for  1900» 


Day. 


Aug. 


1 

2 1 

3 

4  --  .. 

0 

6 

7 

8 

0.90 
.TZ 

.82 
.78 

9 

10 

11 

Sept. 

Oct. 

0.95 

1.00 

1.00 

.85 

,83 

.85 

.88 

.a5 

.83 

.80 

.81 

.86 

.80 

.80 

.76 

.8;] 

.80 

.89 

.75 

.88 

.75 

.813 

Day. 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Aug.  Sept.    Oct. 


0.78 
.85 

1.20 
.93 
.86 
.84 
.85 
.80 
.82 

1.05 

1.71 


0.73 

.75 

1.00 

1.65 

2.50 

1.30 

1.05 

1  00 

.93 

.92 

.95 


0.87 
.90 

.85 
.88 
.82 
.80 
.80 
.80 
.81 
.78 
.80 


Day. 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Aug.  I  Sept.    Oct. 


1.27     1.20 

1.25 

l.(J5 

.95 

.98 

.91 

.{>5 

1.30 


l.UO 

.90 

.90 

84 

.86 

.91 

1.32 

1.05 


,     4.80 


I 


ELK   CREEK   AT  LINEBACK,   TENNESSEE. 

This  station  was  established  Auf;:ust  8,  1900.  The  gage  rod  is  nailed 
to  a  tree  on  the  left  bank,  100  yards  billow  the  Linebaek  post-office. 
Gagings  are  made  by  wading.  The  banks  are  low  and  are  subject  to 
overflow.  The  channel  is  straiglit  and  the  current  is  swift.  The 
drainage  area  is  80.4  square  miles.  The  ol)server  is  Dove  Lineback, 
of  Lineback,  Tennessee.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers  and  L.  V.  Branch: 

Augnst  9:  Gage  height,  3.5  feet;  discharge,  70  second-feet. 
August  17:  Gkkge  height,  3.5  feet;  discharge,  56  second- feet. 
Octoher  6:  Gage  height,  3.5  feet;  discharge,  53  second- feet. 
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Daily  gage  height ^  in  feet,  of  Elk  Creek  at  Lineback,  Tennessee,  for  1900. 


Day. 

Aug. 

Sept. 

1 

3.60 
'  3.60 

Oct. 

Nov. 

4  m 

Dec. 

5.30 
5.30 

5.:jo 

5.80 

4.80 

4.60 

4.50  1 

4.40 

4.30 

4.20 

4.40 

4.40 

4.30 

4.20 

4.a) 

4.00 

Day. 

Aug. 

Sept 

Oct. 

Nov. 
3.90 

Dec. 

1 

3.40 

17 

8.50 
3.50 
3.40 
3.50 
4.00 
3.90 
3.40 
3.40 
3.40 
3.40 
3.40 
3.50 
3.50 
4.00 
3.90 

4.00 
3.80 

3.40 

4.00 

2 

3.40     3.90 
3.40  ,  5.30 
3. 60     R  60 

18 

.T40  :  3.80 

4.00 

3 

3.50 

19 

3.70    3.30 
3.60    3.30 
3.60     3.30 

3.80 
3.80 
3.80 

4.30 

4 

3  50 

20 

4.20 

5 

"■"•■■ 

3.40 
3  50 

3.60 
3.50 
3.50 
3.50 
3.50 

5.30 
4.50 
4.30 
4.20 
4.00 

21 

4.10 

6 

22 

3.60    3.30    3.80 
3.60  11.00     3.80 

4.  CO 

1  ....... ..  ........ 

3.50 
3.40 
3.40 
3.40 
3.30 
3.30 
3.40 
3.  HO 
4.30 
4.30 

1  23 

4.00 

8 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.70 
3.60 
3.50 

1  24 

3.60  1  6.60 
3.60     5.50 

3.90 
3.90 

4.00 

9 

'  25 

4.20 

10.  

11 

3.40    4.00 
3.50     4.00 
3.60     4.00 
3.50     4.00 
3.50    4.00 
3.40     3.90 

26 

27 

28 

3.60    5.40     6.30 
3.60     5.30     5.70 
3.50     4.70     4.70 
3.40     4.50     5.50 

4.30 
4.20 

13 

4.10 

13 

39 

4.00 

14 

15 

30 

31 

3.40     4.00 
4.00 

3.60 

4.20 
4.40 

IG    

3.40 

3.90 

NOLICHUCKY   RIVER  NEAR  CHUCKY   VALLEY,  TENNESSEE. 

This  station  was  established  September  6,  190(),  at  the  highway 
hridt^e  1  mile  above  Chiiekj^  Valley,  as  an  aid  in  the  general  hydro- 
jjraphie  investigations  of  the  southern  Appalachian  region  madeduring 
the  summer  of  11H)0.  The  wire  gage  is  suspended  from  the  upstream 
side  of  the  bridge,  and  is  referred  to  a  scale  on  the  guard  rail.  The 
initial  point  of  sounding  is  at  the  end  of  the  lower  guard  rail  on  the 
left  bank,  downstream  side.  The  banks  are  high,  the  current  is  slug- 
jrish,  and  the  bed  is  sandy.  The  stream  is  straight  above  and  below 
the  station.  The  drainage  area  is  817  square  miles.  The  observer  is 
Byrd  Bayless,  Chucky  Valley,  Tennessee.  During  1000  the  follow- 
ing mea.siirements  were  made  by  L.  V.  Branch  and  E.  \V.  Myers: 

September  5:  Q-age  height,  2  feet;  discharge,  302  second-feet. 
September  20:  Gafre  height,  2.1H  feet;  discharge,  442  second-feet. 
October  15:  G-age  height,  2  feet:  discharge,  378  second-feet. 
November  10:  Gage  height,  2.90  feet;  discharge,  919  second-feet. 

Daily  gage  height,  in  feet,  of  Nolichucky  River  near  Chucky  Valley,  Tennessee,  for 

1900. 


Day. 

Sept. 

Oct. 

1.80 
l.flO 
l.«() 
2.00 

:i.3o 

3.21) 
2.50 
2.30 
2.30 
2.20 
2.10 
2. 10 
2.10 
2.00 
2.00 
2.00 

Nov. 

2.50 
2.60 
3.00 
5.30 
4.00 
3. 50 
3.20 
2. 50 
3.00 
2.90 
2.80 
2.80 
2.7(J 
2.70 
2.60 
2.50 

Deo. 

3.10 
3.20 
3. 00 
4.80 

3. :«) 

3.50 

3.40 

3.:«) 

3.30 

:i20 

3.10 

3.00 

3  00 

2.90  1 

2.90 

2.80 

Day. 

Sept. 
3.10 

Oct. 

Nov. 

2.50 
2.50 
2.40 
2.40 
2.30 
2.50 
2.50 
2.50 
2.70 
6.50 
4.50 
3.40 
8.40 
3.20 

X^OC« 

1 

17 

18 

19 

20 

21 

22 

2  no 

2.70 

•> 

2.60   -1.90 
2.30     ii  no 

2.70 

3 

2.60 

4 

2.10 
2.00 
2.00 
2.20 
2.20 

1.90 
1.90 
1.90 
9.30 

2.60 

h 

2.00 

:;.oo 

2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
2.60 
2.30 
4.70 

2  90 

6- 

2.80 

CIC-I 

23 

24 

26 

28 

27 

28 

29 

30 

2.90 
3.00 

9 

2. 10  ■  3. 90 
2.10     3.30 
2. 10     3. 10 

3.00 

10 

3.20 

11 

3.10 

12.. 

2.00 
2.00 
1.80 

2.90 
2.80 
2.70 
2.60 

3.00 

13 

2.90 

14 

3.00 

15 

31 

3.20 

16 
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FRENCH   BROAD  RIVER  NEAR  ASHEVILLE,  NORTH  CAROLINA. 

This  station,  which  was  established  by  C.  C.  Babb  in  September, 
1895,  is  located  at  the  Bingham  School  iron  highway  bridge,  3  miles 
west  of  Asheville,  and  is  reached  by  electric  car  from  that  place.  It 
is  described  in  Water-Supply  Paper  No.  36,  page  165.  Records  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  160.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers,  R.  E.  Shuford,  and  others: 

Discharge  measurementa  of  French  Broad  River  near  Asheville^  North  Carolina, 


Date. 


1900 

January  6 

February  13  . . 

March  17 

April  22 

JuneC 

June  15 

July  4 

Julye 

August  11 


Gage 
height. 

Feet. 

2.53 

7.85 

4.20 

0.80 

3.80 

3.  GO 

8.75 

4.05 

3.10 

Discharge. 


Sec.-ft. 
1,868 

16,967 
4,962 

13,069 
2,848 
2,258 
4,273 
3,112 
1,204 


Date. 

Oage 
height. 

Feet. 
3.00 
2.82 
3.24 
3.00 
8.20 
3.20 
3.60 
3.78 

Discharga 

1900. 

September  6 

SeDtember  13 

Sec-ft. 
1,00BS 
710 

September  10 

1.452 

October  13 

997 

October  23 

16,575 

November  20 

1,414 

December  14 

1,638 

December  30 

2,135 

Daily  gage  fieight,  in  feet,  of  French  Broad  River  near  Asheville,  North  Carolina^ 

for  1900. 


Day. 

Jan. 

2.67 
2.35 
2.25 
2.30 
2.35 
2.47 
2.90 
2.60 
2.45 
2.33 
2.80 
4.80 
4.26 
3.93 
3.80 
4.45 
4.10 
3.80 
3.60 
4.20 
4.10 
4.00 
3.80 
3.75 
3.65 
3.45 
3.80 
3.20 
2.95 
2.90 
2.85 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

8.66 
3.55 
8.50 
3.40 
3.35 
3.35 
3.27 
3.23 
3.20 
3.17 
8.15 
3.18 
3.25 
3.80 
8.17 
3.20 
8.35 
8.45 
3.40 
8.80 
3.2f) 
3.18 
8.15 
8.20 
8.40 
8.85 
3.25 
3.20 
8.13 
3.20 
3.30 

Sept. 

Oct. 

2.05 
2.08 
2.97 
8.10 
8.27 
8.20 
8.10 
8.10 
8.00 
2.05 
2.86 
3.00 
3.18 
8.10 
2.90 
2.80 
2.85 
2.88 
2.80 
2.76 
2.70 
8.80 
8.60 
7.45 
6.20 
4.80 
4.15 
4.00 
3.70 
3.68 
3.60 

Nov. 

Dec. 

1 

2.83 
2.65 
2.63 
2.80 
3.10 
3.20 
3.60 
3.60 
8.70 
8.75 
8.00 
8.80 
7.05 
7.06 
6.55 
5.87 
4.95 
4.80 
3.47 
3.40 
8.80 
4.90 
4.70 
4.00 
4.40 
8.60 
3.60 
3.80 

7.40 
6.70 
6.10 
6.80 
4.70 
3.75 
8.80 
4.00 
4.70 
4.80 
4.10 
8.80 
3.60 
8.45 
3.37 
8.40 
3.50 
3.70 
3.75 
4.40 
4.20 
4.10 
3.70 
3.00 
8.40 
4.30 
4.00 
3.85 
3.80 
3.60 
3.53 

8.40 
8.38 
3.40 
3.73 
3.60 
3.20 
3.15 
3.10 
8.07 
8.05 
3.20 
3.40 
3.80 
8.25 
8.00 
3.05 
4.80 
6.60 
5.75 
5.80 
6.85 
7.40 
5.10 
4.60 
4.56 
4.43 
4.20 
8.90 
3.70 
3.60 

4.63 
4.47 
3.46 
8.35 
8.27 
3.20 
3.17 
8.15 
3.20 
3.15 
3.10 
8.00 
8.00 
2.90 
2.85 
2.87 
2.85 
2.83 
2.80 
2.77 
2.65 
2.47 
2.30 
2.60 
3.05 
3.10 
3.00 
2.80 
2.73 
2.67 
2.80 

3.05 
3.10 
8.03 
3.05 
8.55 
3.80 
4.20 
405 
4.00 
3.80 
3.70 
3.40 
3.45 
3.80 
8.20 
7.23 
6.10 
5.70 
4.75 
4.70 
4.67 
4.80 
4.93 
6.60 
5.96 
6.80 
6.70 
4.65 
4.10 
4.00 

4.06 
4.10 
4.15 
4.20 
4.17 
4.20 
4.05 
4.10 
8.85 
3.66 
3.67 
3.68 
4.80 
4.00 
4.03 
8.80 
3.70 
3.66 
3.63 
3.60 
3.57 
8.55 
3.65 
8.70 
8.75 
8.87 
4.45 
3.85 
8.55 
3.98 
3.80 

8.83 
3.20 
3.15 
3.10 
3.07 
3.10 
8.05 
3.08 
8.10 
3.06 
8.00 
2.85 
2.80 
8.40 
4.66 
5.27 
3.90 
3.80 
3.50 
3.20 
3.15 
3.13 
8.10 
3.05 
8.20 
2.70 
2.76 
2.80 
2.90 
2.90 

3.60 
4.00 
4.13 
4.25 
4.13 
4.00 
3.86 
8.58 
8.40 
3.46 
3.47 
8.60 
8.47 
8.88 
3.85 
3.82 
3.30 
8.81 
3.35 
3.37 
3.40 
3.87 
8.83 
8.28 
4.80 
6.45 
5.27 
4.70 
4.85 
4.05 

3.90 

2 

8.73 

3 

8.64 

4 

4.98 

6 

4.57 

6 

4.35 

7 

4.07 

8 : 

8.96 

9 

8.70 

10 

3.67 

11 

3.55 

12 

8.50 

13 

3.47 

14 

3.47 

15 

8.49 

16 

8.50 

17 

8.47 

18 

19 

20 

8.45 
3.44 
3.70 

21 

5.11 

22 

4.48 

28 

4.40 

24 

4.35 

25 

4.20 

26 

4.12 

27 

a85 

28 

3.80 

20 

8.80 

30 

a75 

31 

4.45 
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FRENCH  BROAD   RIVER  AT  OLDTOWN,  TENNESSEE. 

This  is  one  of  the  temporary  stations  established  in  connection  with 
the  general  hydrographic  study  of  the  southern  Appalachian  region. 
Another  temporary  station  was  established  on  Pigeon  River,  a  tribu- 
tary of  the  French  Broad,  and  many  miscellaneous  measurements 
were  made  on  the  French  Broad  and  its  tributaries,  the  results 
of  which  are  given  in  Paper  No.  49.  The  Oldtown  station  on  the 
French  Broad  was  established  September  4,  1900,  on  the  highway 
bridge  across  the  river  at  that  town,  which  is  2  miles  north  of  New- 
port, Tennessee.  The  bridge  is  a  4-span  iron  structure,  with  wooden 
hand  rails.  The  gage  is  securely  nailed  to  the  second  span  from  the 
south  end  of  the  bridge.  The  14- foot  mark  is  the  end  of  the  rod,  which 
is  butted  against  the  north  side  of  the  first  strut  from  the  south  end 
of  the  span,  on  the  downstream  side.  The  outer  rim  of  the  pulley  is 
0.67  foot  from  the  zero  of  the  rod,  and  the  distance  between  the  end 
of  the  weight  and  the  pointer  on  the  wire  is  25.82  feet.  When  the 
gage  reads  1  foot,  the  water  level  is  20.33  feet  below  the  top  surface  of 
the  lower  chord  directly  below  the  zero  of  the  gage  rod.  The  river  is 
straight  for  a  long  distance  above  and  below  the  bridge,  and  the  veloc- 
ity of  the  current  is  well  distributed  all  the  way  across,  though  at  the 
low  stage  at  which  measurement  was  made,  some  places  had  a  velocity 
too  small  to  give  satisfactory  results.  Almost  the  entire  distance 
across  the  bottom  seems  to  be  of  fine  sand.  The  observer  is  Jake 
Odell,  Newport.,  Tennessee.  During  1900  the  following  measurements 
were  made  by  E:  W.  Myers  and  L.  V.  Branch: 

September  4:  G-age  height,  1  foot;  discharge,  867  second-feet. 
November  2:  Gage  height,  1.26  feet;  discharge,  1,658  second-feet. 
December  15:  Gage  height,  1.80  feet;  discharge,  1,976  second-teet. 
December  26:  Gage  height, feet;  discharge,  2,901  second-feet. 


Daily  gage  height ^  in  feet,  of  French  Broad  River  at  Oldtotvn^  Tennessee,  for  1900. 


Day. 

Sept.  Oct.    Nov. 

1 

Dec. 

Day. 

Sept. 

Oct.    Nov. 

1 

Dec 

1 

1.20 
1.20 
1.50 
2.20 
1.70 
1.60 
1.40 
1.30 

I.ao 

1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 

1.60 
1.50 
1.40 
1.80 
2.80 
2.20 
1.80 
l.flO 
1.70 
1.60 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 

17 

4.00 
1.40 
1.10 
1.00 
1.00 
1.00 
(a) 

.80 

.80 

.80 

.80 

.80 

.80 

2.20 

4.00 

3.80 

8.40 

1.80 

1.60 

1.40 

1.20 

1.20 

1.10 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.10 
1.20 
4.50 
3.00 
2.20 
1.80 
1.70 

1.30 

2 

18  

1.20 

3 ^. 

"i.'oo" 

1.00 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.70 

1.10 

1.20 

2.90 

"0."80" 
0.80 

19 :::::. 

1.20 

4 . 

20 

1.20 

5 

1  21 

2.20 

6 

22 - 

23       

2.30 

7 

8 

24 

9 

!  25      

10 

28  

11 

27        

12 

28 

13 

29 

14 

30 

15 

31 

16 

1 

a  No  record  September  23  to  October  14,  inclusive. 
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PIGEON  RIVER   AT  NEWPORT,   TENNESSEE. 

This  station  was  established  September  4, 1900,  on  the  wagon  bridge 
at  the  upper  end  of  the  town  of  Newport,  about  100  j^ards  above  the 
railroad  bridge.  The  course  of  the  river  is  straight  for  several  Iiun- 
dred  yards  above  and  for  about  50  yards  below  the  bridge.  The  cur- 
rent at  extreme  low  water  is  very  sluggish.  At  even  the  lowest  gage 
heights  the  water  is  very  deep.  The  bottom  is  smooth,  being  of  rock, 
in  many  places  overlain  with  mud.  The  15-foo.t  mark  of  the  rod,  or 
the  end,  is  abutted  firmly  against  the  east  side  of  the  firat  strut 
from  the  west  end  of  the  bridge,  on  the  downstream  side.  The  dis 
tance  between  the  zero  of  the  rod  and  the  outer  rim  of  the  pulle\' 
wheel  is  0.95  foot,  and  from  the  end  of  the  weight  to  the  pointer  on 
the  wire  the  distance  is  32.89  feet.  When  the  gage  readiug  is  1  fooi , 
the  water  level  is  27.42  feet  below  the  top  surface  of  the  lower  chortl 
directly  beneath  the  zero  of  the  gage  rod.  The  rod  is  of  hard  pine, 
well  painted  and  divided  into  feet  and  tenths.  The  drainage  area  is 
655  square  miles.  The  observer  is  IL  M.  Boyer,  proprietor  of  a  livery 
stable  at  Newport.  During  1900  the  following  measurements  were 
made  by  E.  W.  Myers  and  L.  V.  Branch : 

September  4:  Gage  height,  1.00  foot:  discharge,  356  second-feet. 
November  2:  Gage  height,  —  foot;  discharge,  544  second-feet. 
December  15:  Gage  height,  1.28  feet;  discharge,  691  second-feet. 
December  26:  Gage  height,  2  feet:  discharge,  935  second-feet. 

DaUy  gage  height ,  infeety  of  Pigeon  River  at  Newport,  Tennessee,  for  1900. 


Day. 


Sopt.  I  Nov.   Dec. 


Day. 


Sept.   Nov.  I  Dec. 


Day 


Sept.   Nov.   Dw 


3. 

4 

5 

O.W) 

6- 

70 

7 

70 

8 

60 

9. 

00 

10 

,  .50 

11 

.60 

1.40 
IfiO 
2.00 

a.  20 

3.30 
2.10 
l.flO 
1.70 
1.30 
1.50 
1.40 


12 

0.60 

.50 

1.20 

1.00 

(a) 

i:j 

14 

15 

IB 

17 

18 ... 

1 

19 

1.00 

20 

1.00 

21 

.90 

22 

1.00 

1.90 
1.30 
1.40 
1.30 


40 
30 
30 


1.40 
1.40 
2.40 
3.00 


23. 
24. 
25. 
20. 

27. 
28. 
29. 

:». 

31. 


1.10 
MO 
1.30 
3. 90 
1.90 
1.80 
1.50 
1.40 


2.4U 
2.60 
3.10 
2.00 
2.00 
2.  WO 
2.10 
2.50 
2.90 


a  No  record  September  16  to  November  18,  inclusive. 


TUCKASEGEE  RIVER  AT  BRYSON,  NORTH  CAROLINA. 


This  station  is  described  in  Water-Supply  Paper  No.  36,  page  167. 
Results  of  measurements  during  1899  will  be  found  in  the  Twenty- 
First  Annual  Report,  Part  IV,  page  162.  During  1900  the  following 
measurements  were  made  by  E.  W.  Myers  and  R.  E.  Shuford: 


NORTH   CAROLINA. 
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Discharge  measurements  of  Tuekasegee  'River  at  Bryson,  North  Carolina, 


Data 


1900 

February  9 

March :» 

April27 

>lay«4 

Jnne27 , 

July: 

AoinistS 


Ga^e 
height. 


Feet. 
2.96 
2.50 
2.H6 
1.80 
2.00 
2.00 
1.00 


Discharge. 


Sec-feet, 
8.810 
2.821 
2,829 
1.890 
2.0rd 
1,472 
920 


Date. 


1900. 
September  «  . . 

October  27 

November  10.. 
December  12  . 

Do 

December  26  . . 


leiffht. 


heig 


Feet. 
1.20 
1.60 
1.20 
l.fiO 
l.SO 
1.00 


Discharge. 


Hec.-feet. 
506 
942 
568 


908 
900 


Lkiily  gage  height^  infeet^  of  Tuckasegee  River  at  Bryaon,  North  Carolina,  for  19(X), 


Day. 


1. 
3 
3. 
4 

5 
6 

7 

K 

9 

10. 
11 
]2 
13 
14 
15 

Its 

17 
li< 
Ml 

ar 

21 

24 

% 
27 

28 
2» 

:« 
31 


Jan. 
1.50 

Feb. 

Mar. 

Apr.  ' 

1 

May. 

June. 

July.  1 

Aug. 

Sept. 

Oct. 

Nov. 

2.75 

2.00 

1 
2.15' 

2.80 

l.SO 

2.50 

1.60 

1.40 

1.20 

1.35 

1.50 

2.75 

2.56 

2.16 

2.20 

1.00 

2.40 

1.00 

1.50 

1.20 

1.36 

1.50 

1.00 

2.30 

2.40 

2.80 

1.00 

2.40 

1.50 

1.40 

1.20 

2.10 

1.50 

1.00 

2.60 

2.80 

2.10 

1.70 

2.20 

1.50 

1.30 

1.25 

1.70 

1.50 

1.80 

2.80 

2.26 

2.10 

2.10 

2.20  , 

1.50 

1.30 

1.25 

1.50 

1.50 

1.66 

8.80 

2.26 

2.10 

2.00 

2.10 

1.50 

i.ao 

1.20 

1.50 

1.50 

1.00 

3.50 

2.20 

2.00 

1.90 

2.00 

1.40 

1.20 

1.20 

1.40 

1.00 

2.00 

8.90 

2.16 

2.00 

1.90 

2.00 

1.40 

1.20 

1.20 

1.40 

1.00 

3.10 

8.90 

2.16 

2.80 

2.10 

2.10 

1.40 

1.20 

1.20 

1.80 

2.80 

2.50 

8.86 

2.20 

2.00 

2.(» 

1.80 

1.40 

1.20 

1.15 

1.80 

3.10 

2.00 

8.75 

2.40 

1.90 

1.90 

2.00 

1.40 

1.20 

1.15 

1.30 

2.70 

4.00 

8.00 

2.40 

1.80 

1.90 

1.90 

1.40 

1.15 

1.20 

1.80 

2.90 

8.00 

8.50 

2.70 

1.80 

1.90 

2.00 

1.50 

1.16 

1.36 

1.30 

2.80 

4.80 

2.40 

2.80 

1.80 

1.90 

2.00 

1.50 

1.80 

1.20 

1.30 

2.70 

4.20 

2.40 

2.10 

1.70 

1.80 

2.00 

1.40 

2.90 

1.20 

1.80 

2.50 

4.16 

2.35 

2.20 

1.70 

3.00 

1.90 

1.40 

2.10 

1.20 

1.30 

2.a» 

4.00 

8.00 

2.20 

1.70 

3.00 

1.90 

1.40 

1.70 

1.15 

126 

2.40 

3.86 

8.50 

8.50 

1.70 

3.40 

1.90 

1.26 

1.50 

1.10 

1.20 

2.80 

8.70 

2.66 

8.00 

1.70 

3.00 

1.80 

1.30 

1.40 

1.10 

1.20 

2.:» 

8.50 

8.00 

2.80 

1.70 

2.40 

1.80 

1.30 

1.40 

1.10 

1.15 

2.30 

3.40 

2.86 

8.90 

1.00 

2.20 

2.00 

1.80 

1.40 

1.10 

1.35 

2.80 

3.20 

2.00 

2.80 

1.00 

3.40 

2.10 

1.90 

1.35 

1.20 

1.30 

.    2.80 

1    8.00 

6.45 

&80 

1.00 

3.50 

2.00 

1.50 

1.50 

6.20 

1.25 

;    2.80 

8.00 

2.50 

2.50 

1.86 

4.30 

1.80 

1.50 

1.35 

2.20 

1.20 

2.00 

3.00 

3.U) 

2.00 

1.90 

3.00 

•    1.60 

1.30 

1.30 

1.80 

3.10 

2.50 

2.80 

2.00 

2.70 

1.80 

2.90 

1.00 

1.50 

1.30 

1.60 

4.80 

2.60 

2.80 

2.56 

2.00 

1.00 

2.70 

2.50 

1.60 

1.25 

1.40 

2.10 

2.40 

2.80 

2.40 

2.50 

1.00 

2.50 

2.40 

1.40 

1.25 

1.40 

1.80 

2.40 

2.35 

2.80 

1.00 

3.50 

2.20 

1.40 

1.20 

1.40 

1.70 

2.40 

2.36 

2.50 

1.60 

8.00 

2.W) 

1.40 

1.20 

1.40 

1.00 

2.40 

1 

2.20 

1 

1.40 

1.00 

1.50 

1.35 

Dec. 


1.50 
1.40 
3.80 
2.50 
2.20 
2.00 
1.80 
1.70 
1.00 
1.00 
1.00 
1.56 
1.50 


50 
46 


1.40 


1. 
1. 
1. 


40 
40 
40 
1.80 
2.30 
1.70 
2.30 
2.00 
1.80 
1.70 
1.00 
1.70 
1.00 
1.80 
2.60 


LITTLE  TENNESSEE  RIVER  AT  JUDSON,   NORTH   CAROLINA. 

This  station  is.  described  in  Water-Supply  Paper  No.  30,  page  168. 
Records  of  measureinent,8  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  163.  During  1900  the  following  meas- 
urements were  made  by  E.  W.  Myei's  and  R.  A.  Shuford: 

Febrnary  10:  Gage  height,  4.55  feet:  discharge,  3,726  second-feet. 
March  30:  Gage  height,  4.40  feet;  discharge,  3,170  second-feet. 
April  28:  Gage  height,  4.55  feet;  discharge,  3,785  second-feet. 
May  25:  Gage  height,  3.50  feet;  discharge,  1,744  second-feet. 
Jnne  28:  Gage  height,  5  feet;  discharge.  4,644  second-feet. 
August  4:  Gage  height,  3.45  feet;  discharge,  1,668  second-feet. 
November  17:  Gage  height,  2.88  feet;  discharge,  1.008  second-feet 
December  27:  Gage  height,  8.40  feet;  discharge,  1,414  second-feet. 
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Daily  gage  height,  in  feet,  of  Little  Tennessee  River  at  Jvdson,  North  Carolina^ 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

3.71 
3.61 
3.5] 
3.41 
3.41 
3.41 
3.81 
3.31 
3.21 
3.21 
3.21 
3.21 
3.21 
3.11 
3.21 
3.11 
3.11 
3.21 
8.22 
8.28 
8.28 
3.29 
3.28 
3.27 
3.27 
3.22 
8.20 
8.21 
3.21 
3.23 
8.23 

Sept 

Oct. 

Nov. 

Dec. 

1 

2. 36 
2.3ft 
2. 38 
2.82 
2.82 
2.80 
2.31 
2.31 
2.33 
2.34 
2.84 
2.42 
4.38 
3.72 
2.91 
2.00 
2.90 
2.83 
2.82 
2.81 
2.82 
2.86 
2.87 
2.72 
2.75 
2.78 
2.78 
2.73 
2.72 
2.60 
2.60 

2.65 
2.70 
2.68 
2.67 
2.67 
2.60 
3.72 
3.40 
3.78 
4.37 
3.89 
3.88 
11.36 
5.68 
4.58 
8.33 
3.41 
8.48 
3.48 
8.62 
8.58 
8.58 
3.62 
3.68 
8.63 
8.00 
8.90 
3.80 

6.88 
4.42 
3.78 
3.70 
3.70 
3.84 
8.84 
8.93 
6.40 
4.80 
4.40 
4.58 
4.58 
3.98 
3.03 
4.38 
4.40 
3.99 
8.98 
8.98 
3.90 
8.90 
3.94 
3.93 
3.90 
3.90 
8.82 
3.80 
3.84 
8.84 
8.71 

8.68 
8.67 
8.67 
8.41 
3.88 
8.80 
2.91 
2.88 
2.80 
2.74 
2.79 
5.45 
5.92 
4.80 
8.58 
8.92 
3.00 
3.54 
8.50 
4.38 
8.49 
8.48 
3.48 
3.40 
8.40 
3.32 
8.38 
8.29 
8.28 
8.28 

2.93 
2.93 

2.84 
2.71 
2.70 
2.70 
2.68 
2.69 
2.68 
2.68 
2.67 
2.53 
2.58 
2.50 
2.71 
2.70 
2.68 
2.67 
2.64 
2.81 
2.90 
2.90 
3.36 
4.50 
4.48 
4.47 
4.43 
3.80 
3.40 
8.40 
3.40 

8.40 
4.00 
8.52 
8.76 
8.52 
3.62 
8.72 
4.00 
8.82 
3.62 
3.52 
8.62 
4.62 
4.00 
8.82 
3.92 
3.88 
8.88 
8.84 
4.48 
4.67 
4.98 
5.41 
5.40 
5.40 
5.91 
5.90 
6.88 
5.83 
6.71 

6.68 

5.69 

5. 60' 

5.66 

4.38 

4.32 

4.32 

4.61 

4.60 

4.74 

3.61 

3.71 

3.71 

3.91 

4.38 

4.32 

3.81 

8.71 

3.51 

3.51 

3.41 

3.51 

3.71 

3.71 

3.41 

8.71 

3.61 

4.31 

4.00 

3.91 

3.71 

8.19 
3.18 
3.10 
3.10 
3.11 
3.13 
3.13 
3.13 
3.11 
3.11 
3.14 
3.13 
8.14 
3.15 
8.16 
3.16 
3.19 
3.20 
3.20 
3.21 
3.22 
3.21 
3.20 
3.22 
3.22 
3.21 
3.23 
3.20 
3.21 
8.22 

8.21 
3.22 
3.22 
3.22 
3.21 
3.20 
3.21 
3.22 
3.22 
3.23 
2.51 
2.61 
2.81 
2.71 
2.61 
2.61 
2.61 
2.61 
2.51 
2.51 
2.60 
2.61 
8.61 

6.n 

6.21 

8.n 

8.51 
2.61 
8.81 
8.30 
8.80 

8.00 
3.00 
3.50 
3.41 
8.10 
3.00 
8.00 
2.91 
2.91 
2.91 
2.01 
2.91 
2.81 
2.81 
2.81 
2.81 
2.81 
2.81 
2.81 
*2.81 
3.00 
3.00 
2.81 
2.81 
3.61 
4.81 
4.00 
8.01 
3.61 
8.61 

3.81 

2 

8.28 

3 

8.28 

4 

6.07 

5 

6 

6.63 

4.28 

7 

8 

4.22 
3.10 

9 

10 

3.14 
8.14 

U 

8.14 

12 

18 

3.15 
8.25 

14 

S.2R 

16 

16 

8.19 
3.23 

17 

3.24 

18 

19 

3.21 
8.21 

20 

Z.9Z 

21 

5.66 

22 . . .J.. . . . .   .. 

4.91 

28 

3.72 

24 

3.60 

26 

3.68 

2ft 

27 

3.65 
3.65 

28 

3.65 

20 

8.02 

80 

8.48 

31 

3:43 

HIWASSEB  RIVER  AT  MURPHY,   NORTH  CAROLINA. 

This  statiou  is  described  in  Water-Supply  Paper  No.  36,  page  169. 
The  observer  is  William  Mingus,  of  Murphy.  Records  of  measure- 
ments during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  165.  During  1900  the  following  measurements  were 
made  by  E.  W.  Myers  and  R.  E.  Shuford: 

Discharge  measurements  of  Hiwassee  River  at  Murphy,  North  Carolina, 


Date. 


bSS^t.  |D*«charge. 


1900. 
February  11 . . . 
February  14  . . . 

April  29 

May  26 

June  29 

Julys 


1      AM%^M^EMV* 

Feet. 

6.10 

7.95 

6.10 

5.62 

7.10 

5.90 

Sec.-ft. 
1,534 
4,567 
1,466 
755 
3.405 
1,155 


1900 
September  9.. 
November  18 . 
December  13 . 
December  13 . 
December  28  . 


KOBTH   CAROLINA   AND  TENNE88EB. 
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Daily  gage  height,  in  feet,  of  Hitoassee  River  at  Murphy ^  North  Carolina,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

5.50 
5.20 
5.51 

5.12 
5.30 
5.35 

7.00 
6.50 
6.25 

5.90 
5.90 
5.90 

6.10 

2 

6.00 

3 

6.00 

4 

5.90 
5.3(1 
5.20 

5.40 
5.60 
5.40 

6.10 
6.00 
6.00 

6.70 
6.10 
6.05 

5.90 

5 

5.90 

6 

5.80 

t 

5.20 

6.40 

7.00 

6.00 

5.70 

8 

5.  SO 

5.40 

7.50 

5.90 

5.70 

9 

5.20 

6.T2 

7.40 

5.&'> 

5.70 

10 

5.20 

6.02 

6.90 

5.80 

5.70 

11 

5.30 

6.10 

6.00 

6.10 

5.70 

13 

6.30 

6.10 

6.40 

6.30 

5.65 

13     

5.80 

12.60 

6.30 

6.10 

5.60 

U 

5.00 
5.00 

7.70 
7.15 

6.12 
6.06 

6.00 
6.00 

5.60 

15 

5.60 

16 

5.5Q 

6.50 

6.30 

5.90 

5.50 

17 

5.40 

6.20 

6.00 

5.80 

5.40 

18 

5.45 

5.90 

6.00 

6.20 

5.60 

19 

S.fi0 

5.90 

6.85 

6.70 

5.70 

30 

6.60 

5.80 

7.40 

6.40 

5.60 

21 

6.20 

6.00 

6.90 

7.10 

5.40 

5.90 

6.40 

6.60 

6.80 

5.40 

23 

5.80 

6.15 

6.40 

6.70 

5.40 

24 

5.65 
5.60 

6.00 
6.00 

6.85 
6.40 

6.50 
6.65 

5.60 

25 

5.60 

36 

5.60 

6.00 

6.40 

6.65 

5.60 

27 

5.50 

5.90 

6.30 

6.30 

5.60 

28 

5.40 
5.40 
5.40 
5.50 

5.85 

6.30 
6.05 
6.10 
6.00 

6.20 
6.20 
6.10 

5.60 

29 

5.40 

30 

5.40 

31 

5.40 

JuDe. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

5.40 

6.80 

5.80 

5.86 

6.00 

6.20 

6.40 

5.40 

6.60 

5.40 

5.20 

4.90 

6.25 

5.46 

5.60 

7.00 

5.40 

6.15 

6.00 

6.20 

6.40 

5.80 

6.40 

5.40 

5.10 

6.10 

5.60 

7.20 

6.60 

6.20 

5.30 

5.20 

5.10 

5.40 

6.40 

6.10 

6.00 

5.30 

5.15 

6.06 

5.86 

6.00 

6.00 

5.90 

5.80 

5.10 

5.00 

5.36 

5.80 

6.10 

5.80 

5.20 

5.05 

5.80 

6.80 

5.76 

6.10 

6.20 

5.20 

5.06 

5.10 

5.26 

5.60 

6.30 

5.70 

5.20 

5.00 

5.06 

5.25 

5.60 

6.10 

5.70 

5.20 

5.00 

5.00 

6.20 

5.50 

6.10 

5.80 

5.20 

5.00 

4.90 

6.26 

5.60 

6.60 

5.80 

5.20 

5.00 

5.80 

6.20 

5.45 

6.10 

5.70 

5.20 

5.05 

6.10 

6.25 

5.45 

5.80 

5.60 

5.20 

7.00 

5.00 

5.20 

5.40 

5.80 

5.60 

5.10 

6.46 

5.00 

6.15 

5.40 

6.20 

5.60 

5.30 

5.70 

4.90 

5.20 

5.40 

6.00 

5.60 

5.20 

5.45 

4.80 

6.15 

5.80 

6.30 

5.60 

5.10 

5.86 

5.00 

6.20 

5.80 

6.10 

6.60 

5.10 

6.85 

4.90 

5.16 

5.80 

5.90 

5.60 

5.10 

5.25 

4.90 

6.20 

6.70 

5.80 

5.00 

5.10 

5.00 

6.00 

6.80 

5.90 

6.30 

5.70 

5.30 

6.40 

4.90 

6.20 

5.  HO 

6.60 

5.60 

5.90 

5.20 

7.10 

5.15 

6.00 

6.50 

5.40 

6.30 

6.20 

6.00 

6.80 

5.80 

7.00 

5.60 

5.40 

5.20 

5.70 

6.70 

5.70 

7.20 

5.70 

5.20 

5.15 

5.60 

6.00 

5.66 

7.10 

5.90 

5.15 

6.16 

6.40 

6.70 

6.60 

7.00 

5.70 

5.16 

6.10 

5.80 

5.60 

6.70 

6.80 

5.80 

5.15 

5.06 

6.20 

6.60 

5.60 

5.15 

6.25 

HIWASSEE  RIVER  AT  RELIANCE,  TENNESSEE. 

This  station  was  established  by  O.  P.  Hall  on  August  17,  1900. 
The  gage  is  a  vertical  timber,  graduated  to  feet  and  tenths,  spiked  to 
a  tree  on  the  right  bank  of  the  river  about  200  feet  above  the  Atlanta, 
Knoxville  and  Northern  Railroad  bridge,  and  very  near  the  ferry 
landing.  Measurements  are  made  from  the  railroad  bridge,  a  new 
stoel  structure  of  three  spans  of  140  feet  each,  which  has  recently  been 
substituted  for  the  old  wooden  bridge.  Bench  mark  No.  1  is  a  nail 
in  a  hickory  tree  on  the  right  bank  of  the  river,  about  100  feet  above 
the  end  of  the  bridge  and  8.56  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  the  base  of  rail  40  feet  from  the  right-bank  end  of  bridge, 
and  is  24. 70  feet  above  the  zero  of  the  gage.  At  ordinary  stages  the  river 
is  about  350  feet  wide  at  this  point,  and  the  section  is  a  fairly  good 
one,  but  at  low  stages  the  current  becomes  very  sluggish.  The 
observer  is  C.  V.  Higdon,  a  ferryman  who  lives  near  the  gage.  Dur- 
ing 1900  the  following  measurements  w^re  made  by  O.  P.  Hall: 

Angast  17:  Gage  height,  1.12  feet;  discharge,  1,123  second-feet. 
September  3:  Gage  height,  1.16  feet;  discharge,  1.159  second-feet. 
November  30:  Gage  height,  1.72  feet;  discharge,  1,985  second-feet. 
December  19:  Gk^^e  height,  1.42  feet;  discharge,  1,442  second-feet. 
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OPERATIONS    AT    RIVER   STATIONS,   1900. PART    II.        tNO.  4« 


Daily  gage  lieighty  in  feet ^  of  Hiicassee  River  at  Reliance,  Tennesnee,  fur  limo. 


Day. 


Aug.  Sept.  Oct.  ,  Nov.  Dec. 


1 

1.40     1.06 

2   

l.JiO     1.00 
1.20     1.00 
1.05     1.00 

8 

4 

5 

1.00 
1.10 

i.(r) 

1.00 
1.00 
1.00 

6 

7 

8 

1.00  '  1.30  1 

0   

l.(M) 

.90 

.90 

.90 

.90 

1.00 

3.60 

3.50 

1.60 

l.3r) 

1.10 
1.10 
1.20 
1.40 
1.10 
1.00 

10 

11 

12 

13    

14 

15    

16 

1.30 
1.20 


1. 

1. 

1. 

1 

1. 

1. 


80 
30 
40 
50 
40 
40 
1.30 
1.30 
1.40 

i.:» 

1.30 
1.30 
1.20 
1.20 


1.60 
1.50 
1.50 
2.80 
3.00 
2.40 
2.00 
2.00 
1.90 
1.80 
1.70 


60 
60 
60 
60 
50 


Day. 

Aug. 

Sept. 

Oct. 

17 

2.00     1.00 

18 

1.60 
1.40 

1.00 

19 

1.10 

90 

20 

1.06     1.30 
1.06     1.20 

,90 

21 

1  90 

23 

2:1 

24 

25 

1.06 
1.10 
1.50 
1.40 
1.30 
1.30 
1.15 
1.10 
1.10 
1.10 

1.20 
1.30 
1.30 
1.20 
1. 10 
1.10 
1.05 
1.05 
1.05 

1.00 
1.30 

4.00 
2  00 

2« 

1  50 

27 

1.60 

28 

1.50 

29 

1.50 

:jo 

1  40 

31 

1.30 

Nov.,  Dec 


1.20 
1.10 
1.10 
1.20 
1.30 
1.4() 
1.90 
l.SO 
1.70 
4.50 
3.00 

2.  a) 

1.80 
LTD 


1.50 
1.50 
1.40 


50 
80 
80 
10 
2.40 
2.30 
2.00 
1.90 
1.90 
2.00 
1.90 
2.40 


HIWASSEB  RIVER  AT  CHARLESTON,  TENNESSEE. 

This  station  was  originally  established  bj^  the  United  States  Engi- 
neer Corps,  but  is  now  maintained  as  a  half-jear  station  by  the 
United  States  Weather  Bureau.  It  is  described  in  Watier-Suppl^' 
Paper  No.  30,  i)ages  170  and  171,  where  will  also  be  found  the  records 
of  measurements  made  during  1809.  During  1900  the  following 
measurements  were  made  by  Max  Hall: 

March  11:  Gage  height,  8.50  feet;  discharge,  6,044  second-feet. 
April  25:  Gage  height,  4  feet;  discharge,  7,078  second-feet. 
December  H:  Gage  height.  2.65  feet;  discharge,  4,721)  second- feet. 

Daily  gage  height,  in  feet,  of  Hiwaasee  River  at  CharleMoii,  Tennessee,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

•}.  i 
5.8 
4.5 
3.7 

Apr. 

May. 

June. 

1.5 

1.0 

2.0 
'i  '> 

M.  M 

July. 

5.8 
4.7 
5.0 
4.9 

Aug. 

Sept. 

1.2 
1.6 
1.2 
1.0 

Oct. 
0.7 

.  i 
.  ( 

Xov. 

Dec. 

1 

1.0 

1.0 

.9 

.0 

1.2 
1.0 
1.2 
l.« 

3.1 
2,9 
2.9 
4.6 

3.1 
2.9 
3.U 
2.9 

2.0 
1.8 
1.6 
1.5 

1.2 
1.2 
1.7 
3.9 

2.1 

2 

1.9 

3     

1  s 

4 

5 

.9 
1.2 
1.1 

1.8 
2.3 
1.7 

3.2 
2.9 

4.5 : 

6.0 
4.0 

:i.4 

2.6 
2.5 
2.4 

o  •> 

2.1 
3.3 

3.5 

:j.o 

2.7 

1.4 
1.4 
1.3 

.9 
.9 
.9 

.7 
.7 
.8 

2.4 
1.8 
1.6 

>i  7 

6 

4. ;{ 

7 

:m 

8 

1.1 
1.1 
1.1 
1.4 
4.» 

1.6 
2.9 
4.9 
3.2 
3.1 

9.0  ' 
11.5 
8.0 
6.0 

4.8  1 

3.2 
3. 0 
2.9 
3.0 
4.9 

2.3 

M.  •» 

2. 5 
2.3 
2.1 

4.4 
3. 5 

:i.o 
:i.i 
:i.4 

2.5 
2.5 
2.3 
2.2 
2.0 

1.3 
1.2 
1.2 
1.1 
1.1 

.8 
.  t 

.  i 

.7 
.6 

1.2 
2.0 
1.3 
1.0 
1.1 

1.4 
1.4 
1.3 
1.2 
1.2 

«'.« 

9 

2.6 

10 

2.li 

11 

2.1 

12 

2.0 

13 

5. 0 

14.2 

4.0 

4.6 

2.0 

3.7 

1.1 

.6 

1.7 

1.1 

1.9 

14 

3.0 

18.6 

3.7 

:i.7 

2.(» 

4.7  1 

2.2 

1.2 

.6 

1.4 

1.1 

1.8 

15 

2.4 

9.2 

3.4 

8.3 

1.9 

:i.2  ' 

2.1 

1.2 

3.0 

1.2 

1.1 

l.S 

16 

2.0 

6.2 

3.9 

:j.o 

1.9 

2.8 

1.9 

1.1 

6.6 

1.0 

1.1 

1.7 

17 

l.H 

4.7 

4.1 

3.7 

l.H 

4.0 

1.8 

1.0 

3.3 

.9 

1.0 

1.6 

18 

1.7 

3.6 

3.4 

5.1 

1.7 

4.6 

1.7 

1.0 

2.0 

.8 

l.t) 

1.6 

19 

2.4 
6.4 

3.0 
2.8 

3. 3 
7.5 

5.2 

1.9 
2.1 

:{.6 

3.6 

1.7 
1.6 

1.1 
1.0 

1.5 
1.8 

.7 

.7 

1.0 

1.1 

1.5 

20 - 

1.5 

21 

5.4 

2.7 

9.0 

1.8 

2.7 

1.6 

.9 

1.2 

.7 

1.2 

3  1 

22...  

3.7 

5.1 

6.0 

6.4 

1.7 

2.3 

1.6 

.8 

1.1 

.7 

1.3 

.J.  8 

23-  .     

2.9 

5.0 

6.0 

5.3 

1.6 

2.6 

l.S 

1.0 

1.2 

1.3 

1.4 

2.8 

24 

2.5 

3.7 

4.5 

4.6 

1.7 

4.2 

2.3 

1.2 

1.3 

9.0 

1.2 

4.1 

25 

2.3 

4.2 

4.0 

4.3 

2.0 

4.8 

1.8 

2.4 

1.1 

3.8 

1.3 

:}.6 

2tt 

2.1 

3.8 

6.0 

4.0 

2.0 

5.0 

1.6 

1.5 

1.0 

2.3 

10.0 

2.9 

27 

1.9 

3.3 

5.2 

8.9 

2.1 

5.3 

2.7 

1.4 

.9 

1.8 

7.0 

2.6 

28 

1.8 

12.9 

4.4 

8.7 

1.7 

5.9 

3.8 

1.5 

.9 

1.7 

4.0 

2.4 

29 

1.7 

:i9 

3.6 

1.6 

5.7 

3.7 

1.2 

.9 

1.5 

2.9 

2-6 

30 

1.5 

....... 

3.6 

3.8 

1.5 

8.0 

2.7 

1.2 

.8 

1.4 

2.3 

2.6 

31 

1.4 

3.3 

1.5 

2.4 

1.0 

1.3 

a9 

GEORGIA   AND   TENNESSEE. 
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TOCCOA  RIVER  NEAR  BLUERIDGE,  GEORGIA. 

This  station,  which  was  established  hy  B.  ]M.  Hall  November  25, 
1898,  is  at  the  Morgaiiton  bridge,  about  4  miles  east  of  the  town  of 
Bhieridge.  It  is  deserilHHl  in  Water-Supply  Paper  No.  30,  page  171. 
Records  of  measurements  for  1809  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  1(30.  During  1000  the  following  meas- 
urements were  made  bv  B.  31.  Hall  and  liis  assistants. 

March  2'S:  Gage  height,  3.36  feet;  discharge,  967  second-feet. 
May  18:  Gago  height,  2.90  feet;  discharge,  679  second-feet. 
November  28:  Gage  height,  2.95  feet;  discharge,  626  second-feet. 
.Inly  19:  Gage  height,  2.90  feet:  discharge,  080  second-feet. 
December  17:  Gage  height,  2.65  feet;  discharge,  419  second-feet. 

Daily  gage  fieight,  infect,  of  Toccihi  River  near  Bhieridge,  Georgia^  for  10(X), 


Day. 

Mar. 

Apr. 

3.1 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
3.  (J 
3.0 
3.0 
3.4 
3.2 
3.0 
3. 0 
3.0 
3.0 
3.3 
3. 5 
3.5 
3.4 
3.3 
3.3 
3.3 
3.2 
3.5 
3.5 
3.0 
3.5 
3.4 
3.6 

May.     June. 

July. 

4.3 

4.3 
4.2 
4.2 
4.1 
3.6 
3.6 
3.5 
3. 5 
3.5 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.1 
3.1 
3.6 
3.5 
3.5 
3.5 
4.0 
4.0 
3.8 
3.8 

Aug. 

3.6 
3.5 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.1 
2.8 
2.8 
2.8 

2.8 
2.8 
3.0 
3.0 
3. 0 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.t) 

) 
1 

Sept. 

Oct. 

Nov. 

3.4 
3.4 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 

Do<;. 

I 

3.6    

3.5    

3.5    

3.4    

3.5    

3.5 

3.1    

3.4    

3.4    

3.3    

3.1    

3.0  1 

3.0    

3.0    ....... 

3.0 

2.8  , 

2.8    

2.«  , 

3.6    

Xa)      

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
3.0 
3.4 
4.0 
3.6 
3.4 
3.4 
3.2 
3.2 
3.0 
3.0 
2.8 
2.8 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 

2.0 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.9 
8.6 
6.0 
5.4 
4.0 
3.6 
3.6 
3.6 
3.5 
3.4 

2.6 

•> 

3.0 

3 

3.6 

4 

3.6 

T> 

8.5 

ti 

m 

1    ...... ....... 

3.5 
8.4 

s 

8.4 

l» 

3  8 

10 

8.8 

11 

8.2 

12 , 

3.2 

i:{      

14 

r> 

16 

8.0 
3.0 

3.8 
2.8 

17 1     

l> ' 

2.8 
2.8 

in 

2.8 

3f» 

2.7 

21 . 

2.7 

.«■■» 



2.6 

25 

3.4 
3.5 
3.6 
3.5 
.      3.5 
3.4 
3.3 
3.2 
3.2 

2.6 

24 

' 

2.6 

25 

2.6 

2»i . . 

2.6 

27 

2X       

5. 0 
5.0 
4.5 
4.3 

3.0 
3.0 

2»    

•<i) 

3.0 

2.8 

31 

'        3.(» 

2.8 

a  No  record  May  20  to  June  2tV,  inclusive. 
TENNESSEE   RIVER   AT   KNOXVII^LE,  TENNESSEE. 

This  Station  was  originally  estahlislied  by  the  Unit(»d  States  Weather 
Bureau  at  the  old  county  highway  bridge,  which  has  been  torn  down 
and  replaced  by  a  new  bridge.  Instead  of  placing  the  gage  at  the 
new  bridge,  it  was  decided  to  movc^  it  down  the  river,  in  order  to  get 
below  some  shoals  and  wing  dams  which  have  been  put  in  for  boat- 
ing. A  temporary  gage  was  put  in  at  the  Knoxvillo  and  Augusta 
Railroad  bridge,  a  half  mile  below  the  higliway  bridge,  and  was  used 
during  the  greater  part  of  the  year  1899.  In  the  latter  part  of  that 
year  a  new  permanent  gage  was  establishcMl,  and  readings  from  it 
hegan  November  1,  1899.     The  new  gage  is  located  on  the  right  bank 
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of  the  river,  just  below  the  mouth  of  the  West  Knoxville  Bayou  and 
about  1,000  feet  below  the  temporary  gage  at  the  Knoxville  and 
Augusta  Railroad  bridge.  The  gage,  which  is  graduated  to  feet  and 
tenths,  is  in  two  sections;  the  first,  a  sloping  section  made  of  a  2-inch 
by  4:-inch  pine  timber  spiked  on  top  of  an  8-inch  by  8-inch  oak  sill  well 
bolted  to  piles  and  embedded  in  crushed  stone,  reading  from  — 2  feet 
to  12  feet;  the  second,  a  vertical  section  of  standard  Weather  Bureau 
pattern,  brass  scale,  screwed  to  one  of  the  bents  of  the  railroad  trestle 
across  the  West  Knoxville  Bayou,  about  50  feet  from  the  bank  of  the 
river  and  from  the  sloping  gage,  reading  from  12  feet  to  36.5  feet.  The 
gage  is  fastened  to  the  upstream  post  of  the  bent  facing  away  from  the 
river.  The  zero  of  the  gage  is  804.3  feet  above  sea  level.  The  bench 
mark  is  a  cross  in  the  stone  on  the  east  corner  of  the  base  to  the  right- 
bank  pier  of  the  Knoxville  and  Augusta  Railroad  bridge,  and  is  806.7 
feet  above  sea  level  and  2.4  feet  above  the  zero  of  the  gage.  The  gage 
was  located  for  the  United  States  Weather  Bureau  by  the  United  States 
Engineer  Corps.  Daily  records  are  kept  by  the  United  States  Weather 
Bureau  and  are  furnished  to  the  Geological  Survey.  Measurements 
are  made  at  the  Cherokee  highway  bridge  2  miles  below  the  new 
gage.  This  bridge  is  a  thi'ee-span  iron  structure  and  is  about  80  feet 
above  low  water.  The  width  of  the  river  at  low  water  is  550  feet. 
The  section  is  a  good  one,  but  the  current  is  rather  sluggish  at  low 
water.  During  1900  the  following  measurements  were  made  by  Max 
Hall : 

April  25:  Gage  height,  4.35  feet;  discharge,  17,210  second-faet. 
December  7:  G«ge  height,  5.50  feet;  discharge,  23,529  second-feet. 

Daily  gage  height  ^  in  feet,  of  Tennessee  River  at  Knoxtnlle,  Tennessee,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.7 

.5 

.4 

.2 

.8 

.8 

.9 

.9 

1.0 

.9 

1.1 

2.4 

4.6 

4.7 

4.3 

2.9 

2.2 

2.0 

2.0 

2.0 

8.1 

8.1 

2.9 

2.5 

2.0 

2.1 

1.8 

1.7 

1.5 

1.4 

1.1 

0.8 
.7 
.8 
1.0 
1.3 
1.6 
1.9 
1.7 
3.0 
4.1 
4.2 
3.7 
6.9 
12.4 
12.7 
6.9 
7.4 
5.6 
4.0 
3.3 
2.9 
8.0 
3.2 
6.0 
5.0 
4.9 
4.8 
3.7 

3.9 
8.4 

11.1 
9.1 
6.1 
5.0 
4.0 
4.9 
9.5 

10.1 
7.9 
6.4 
5.5 
4.7 
4.2 
4.0 
4.6 
4.6 
4.5 
6.0 

11.9 

13.2 
9.4 
6.7 
6.5 
6.7 
6.9 
6.7 
5.8 
5.0 
4.5 

4.2 
3.9 
3.5 
3.4 
4.5 
4.1 
3.5 
3.2 
3.0 
2.8 
2.7 
2.7 
2.8 
2.9 
2.7 
2.5 
2.3 
2.2 
3.2 
4.7 
4.6 
6.7 
6.4 
5.5 
4.7 
4.0 
8.8 
8.6 
8.2 
2.9 

2.7 
2.6 
2.4 
2.4 
2.4 
2.3 
2.2 
2.1 
2.0 
2.0 
2.1 
2.1 
2.1 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.8 
1.8 
2.0 
1.8 
1.6 
1.8 
1.2 

1.2 
1.1 
1.1 
1.1 
1.5 
2.4 
2.5 
1.9 
2.2 
2.2 
1.9 
1.8 
1.7 
2.0 
2.0 
2.2 
4.0 
7.8 
6.5 
5.1 
4.3 
3.3 
2.7 
8.3 
8.6 
4.4 
4.2 
8.7 
8.4 
5.8 

3.8 
2.9 
3.8 
2.H 
2.7 
2.5 
2.0 
2.0 
1.7 
1.6 
1.4 
1.3 
1.2 
1.3 
1.4 
1.3 
1.3 
1.2 
1.1 
1.0 
.9 
1.3 
1.2 
1.5 
1.5 
1.7 
6.6 
6.0 
4.8 
4.0 
8.5 

2.7 

2.2 

1.4 

1.2 

1.2 

1.1 

1.0 

.8 

.8 

.7 

.6 

.5 

.9 

.6 

.8 

1.4 

1.0 

.8 

.7 

.6 

.5 

.4 

.4 

1.4 

1.5 

1.2 

1.1 

.9 

.9 

.7 

.9 

1.2 

1.2 

.  1.0 

.7 

.6 

.4 

.3 

.4 

.3 
'> 

.  M 
•> 

.    0^ 
.1 

.0 

.3 

.6 

1.1 

3.3 

3.0 

2.2 

1.4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.9 

.8 

.7 

0.6 
.4 
.4 
.3 
.3 
.3 
.7 
.8 
.7 
.7 
.5 
.4 

.3 

*> 

•  *. 

.2 

.3 

.2 

.2 

.2 

.1 

.1 

.1 

.0 

4.9 

9.4 

5.8 

4.6 

3.4 

1.8 

1.4 

1.3 

1.1 
1.0 

.    11 
1.5 

3.6 

3.  .5 

2.5 

2,1 

1.8 

1.5 

1.3 

1.2 

1.1 

1.0 

1.0 

.9 

.8 

.8 

.8 

.7 

.8 

.8 

.8 

.8 

.8 

6.6 

9.6 

9.1 

5.0 

8.6 

3.0 

2 

2.5 

8 

2.2 

4 

2.6 

5 

4.1 

6 

6.6 

7 

5.9 

8 

5.2 

9 

3.5 

1?:::::: ::::::: 

12 

3.0 
2.7 
2.3 

13 

2.0 

14 

1.9 

15 

1.8 

16 

1.7 

17 

1.6 

18 

1.4 

19 

20 

1.3 
1.3 

21 

1.8 

22 

1.8 

23 

2.6 

24 

2.5 

25 

2.3 

20 

2.2 

27 

2.0 

28 

1.9 

29 

1.7 

30 

1.7 

81 

1.8 

TENNESSEE.      . 
TENNESSEE  KIVER  AT  CHATTANOOGA,  TENNESSEE. 
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This  station  was  established  in  1879,  at  the  foot  of  Lookout  street, 
just  below  Chattanooga  Island,  by  the  Signal  Corps  of  the  United 
States  Army;  but  since  July  1,  1891,  it  has  been  in  charge  of  the 
Weather  Bureau.  During  the  year  1900  a  new  gage  was  established. 
It  is  a  vertical  timber  bolted  to  the  south  side  of  the  third  stone  pier 
from  the  south  end  of  the  bridge.  Gage  heights  are  obtained  from 
L.  M.  Prindell,  United  States  Weather  Bureau  observer.  Records  of 
measurements  made  during  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  168.  During  1900  the  following  meas- 
urements were  made  by  Max  Hall  and  others: 

March  13:  Qage  height,  11.25  feet;  discbarge,  66,012  Becond-feet. 
July  27:  Qage  height,  3.45  feet;  discharge,  18,470  second-feet. 

Daily  gage  height,  in  feet,  of  Tennessee  River  at  Oiattanooga,  Tennessee,  for  1900, 


Day. 


JaD. 


1- 

o 

3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

at). 

21. 
S. 
28. 
2(. 
25. 
28. 
27. 
28. 
29. 

a). 

31. 


(< 

2. 

2.20 

2.80 

2.35 

2.45 

8.35 

6.05 

8.15 

8.70 

8.45 

7.80 

6.35 

5.50 

5.80 

8.50 

0.40 

8.85 

7.95 

7.30 

6.15 

5.50 

5.00 

4.65 

4.20 

a90 

9.55 


Feb. 


3.25 
2.95 
2.60 
2.60 
2.90 

aso 

d.95 

8.90 

5.35 

8.40 

9.40 

8.95 

13.90 

21.55 

24.00 

21.40 

17.00 

12.05 

9.26 

7.70 

7.10 

7.70 

8.50 

8.55 

8.55 

9.50 

9.30 

8.45 


Mar.     Ayr. 


8.05 

8.70 

10.90 

12.50 

12.75 

10.65 

10.00 

11.65 

14.55 

16.50 

16.15 

14.25 

11.65 

9.85 

8.65 

8.00 

7.80 

7.66 

7.55 

8.55 

11.60 

14.95 

17.40 

16.4^ 

12.65 

11.15 

10.90 

10.70 

10.20 

9.35 

8.50 


4, 

8. 


7.85 

7.20 

6.85 

25 

05 

8.55 

7.85 

7.06 

6.5U 

6.10 

6.50 

7.50 

7.40 

7.00 

6.50 

6.30 

8.75 

10.65 

9.75 

9.40 

11.70 

13.00 

11.35 

10.70 

9.75 

8.50 

7.80 

.7.45 

7.05 

6.60 


6.20 
5.65 
5.35 
5.15 
4.05 
4.80 
4.65 
4.45 
4.45 
4.35 
4.30 
4.30 
4.15 
4.00 
3.«> 
3.75 
3.60 
3.60 
8.40 
3.40 
3.25 
3.15 
3.05 
3.00 
3.15 
3.20 
3.85 
8,.60 
3.'fi0 
3.35 
3.06 


June. 

July. 

Aug. 

2. 85 

8. 85 

6.20 

2.80 

8.15 

6.40 

8.00 

6.05 

4.70 

3.20 

6.30 

4.20 

8.20 

5.80 

3.60 

3.60 

5.40 

3.20 

5.65 

5.00 

2.90 

6.65 

4.50 

2.60 

6.15 

4.20 

2.40 

5.30 

4.20 

2.30 

6.00 

4.30 

2.10 

4.90 

3.80 

2.00 

4.50 

3.40 

1.90 

5.20 

3.30 

1.90 

5.30 

3.30 

2.10 

6.25 

8.30 

2.20 

5.45 

3.20 

2.30 

6.15 

3.10 

2.30 

8.85 

3.00 

2.30 

9.20 

2.90 

2.20 

8.90 

2.70 

1.90 

7.65 

2.50 

1.80 

6.40 

2.60 

1.70 

6.25 

2.80 

1.80 

7.15 

3.00 

1.90 

7.60 

3.10 

2.50 

8.05 

3.30 

8.10 

8.20 

4.60 

2.70 

8.60 

8.00 

2.50 

8.70 

8.20 

2.30 

7.30 

2.20 

Sept. 


Oct. 


Nov. 


2.10 
2.00 
.30 
50 
30 
00 
70 
,60 
,40 
30 


2. 
2. 
2. 

2. 
1. 
1. 
1. 
1. 


1.20 


1. 
1. 
1. 
1. 
8. 


10 
,00 
10 
,80 
10 
4.00 
4.10 
4.60 
4.70 
3.90 
3.00 
2.60 
2.40 
2.70 
2.70 
2.60 
2.40 
2.30 
2.20 


2.00 
1.80 
1.70 
1.60 
1.40 
1.30 
1.30 
1.00 
1.80 
2.10 
2.10 
2.60 
3.00 
2.60 
1.90 


80 
60 
50 


1.40 
1.30 
1.20 
1.20 
1.40 
2.20 
4.10 
7.00 
7.50 
6.00 
4.90 
3.70 
3.40 


2.90 
2.60 
2.50 
2.00 
3.30 
3.70 
4.20 
4.20 
3.70 
3.20 
3.00 
2.70 
2.60 
2.30 
2.20 
2.10 
2.00 
2.  (JO 
1.90 
1.90 
2.10 
2.20 
2.30 
2.80 
3.20 
7.80 
13.00 
15.60 
15.60 
13.20 


Dec. 


8.70 
6.50 
5.60 
6.10 
5.60 
6.90 
8.80 
9.20 
8.60 
7.00 
6.10 
5.40 
4.00 
4.60 
4.30 
4.20 
4.00 
3.60 
3.40 
3.30 
3.30 
4.00 
4.20 
4.70 
5.20 
5.40 
5.20 
4.60 
4.30 
4.20 
4.60 


a  Frozen. 


[Continued  in  Water-Supply  Paper  No.  49,  where  will  be  found 
numerous  miscellaneous  measurements  of  streams  in  the  southern 
Appalachian  region.] 
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OPERATIONS  AT  RIVER  STATIONS,  1900. 


PART  III. 


MEA8UREMEXT8  AT  RIVER  STATIONS.' 

MISCELLANEOUS    MEASUREMENTS    OF    STREAMS    IN    SOUTHERN    APPA- 
LACHIAN REGION. 

A  hydrographic  investigation  of  the  southern  Appalachian  region 
was  made  during  the  field  season  of  1900.  A  detailed  report  of  the 
work  will  appear  in  a  later  publication.  During  the  progress  of  the 
investigation  a  large  number  of  measurements  were  made  of  various 
streams,  as  shown  in  the  following  tables.  The  tables  are  arranged 
in  geographic  order,  commencing  with  the  more  northerly  streams, 
which  drain  into  the  Atlantic  Ocean,  and  ending  with  those  which 
belong  to  the  Gulf  drainage. 

Miftcdlaneous  discharge  measurements  of  Yadkin  River  and  its  tributaries. 


Date. 


Stream. 


1900. 
June  21 
jDne23 
July  4 
July  12 
Aug.  6 
Oct.  1 
Nov.  4 
June  20 

July  U 
Auff.  7 
Sept.  26 
Jane  20 

Jnly  13 
Ang.  6. 
Sept.2(S 
June  21 

July  13  I 
AuR.  6  ; 
Sept.  26  I 
June  21  I 

July  13 
Aug.  6 
Sept.  as 


Yadkin  Biyer. 
do 


.do 
.do 
do 
.do 
do 
.do 


.....do 

.....do 

.....do 

Elk  Creek. 


do 

do 

do 

Stony  Creek 


...do 

....do 

...do 

Louis  Fork  of 
kin  Riyer. 

....do 

....do 

....do 


Yad- 


Locality. 


Wilkesboro,  N.  C 

do 

do 

do 

do 

do 

do 

Second  ford  below  Patter- 
son's mill.  North  Carolina. 

do 

do 

do 

One-fourth  mile  above  ford, 
N.  C. 

do 

do 

do 

Footbridge  at  Colberts, 
North  Carolina. 

do 

do 

.....do 

Footbridge  on  Mount  Pleas- 
ant road.  North  Carolina. 

....do 

do 

....do 


Hydrographer.   \^fg^^ 


N.  C.  Curtis 

.....do 

do 

.....do 

do 

do 

.....do 

do 


do 
do 
do 
.do 


Feet. 
26.73 
26.14 
26.83 
27.06 
27.20 
37.20 
26.22 
13.3 

13.5 

13.4 

13.53 

2.4 


do 

2.43 
2.60 
2.61 
2.65 

2.70 

do 

do 

do 

do 

do 

do 

2.87 
3.10 

3.23 
3.30 
3.33 

do 

do 

do 

do 

DlA- 

charge. 


Sec.'ft. 
780.0 

1,737.0 
663.0 
488.2 
386.0 
369.1 

1,331.0 
182.0 

100.3 
76.2 
43.0 

119.0 

61.0 
37.0 
30.0 

78.4 

80.5 
50.0 
31.10 
127.0 

99.0 
69.0 
63.0 


>  Continued  from  Water-Supply  Paper  No.  48. 
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Miacellanemis  discharge  meami/rements  of  Yadkin  River,  etc. — Continued. 


Date. 


190(). 
JnDe23 
July  12 
Aug.  4 
Oct.  1 
June  23 


July  3 
Aug.  4 
Sept.  27 
Not.  2 
June  25 


July  9 
Aug.  4 
Sept.  27 
Nov.  2 
Sept.  27 


Stream. 


Reddle  River... 

do 

do 

...  -do 

Mulberry  River 


do 

do 

do 

do 

Roaring  River. 


June  25 


July  » 
Aug.  4 
Sept.  27 
June  26 
July  10 
Aug.  3 
Sept.  28 
Nov.  1 
June  26 


July  10 
Aug.  3 
Sept.  28 
Nov.  1 
June  27 
July  11 
Aug.  3 
Sept  2f* 
Oct.  31 


do 

do 

do 

.  ...do 

Big  Bugaboo  Creek. 

Big  Elkin  River.... 


do 
do 
do 


Mitchell  River 

....do 

....do 

...do 

....do 

Piaher  River... 


do 

do 

do 

— do 

Ararat  River 
do 


do 
do 
.do 


I 


Locality. 


North  Wllkesboro,  N.  C 

do 

do 

do 

Trestle  of  Greensboro  and 
Wilkesboro  division  of 
Southern  R.  R  ,  North  Car- 
olina. 

do 

do... 

do 

do 

Greensboro  and  Wilkesboro 
R.  R.  bridge.  North  Caro- 
lina. 

.....do 

.....do 

do 

do 

Ford  of  road  from  Roaring 
River  to  Elkin,  N.  C. 

Greensboro  and  Wilkesboro 
R.  R.  bridge.  North  Caro- 
lina. 

.....do 

do 

.....do 

do 

do 

do 

do 

.....do 

Greensboro  and  Wilkesboro 
R.  R.  trestle,  North  Caro- 
lina. 

...do 

do 

.....do 

...do 

do 

do 

...do 

.....do 

.....do 


Hydrographer. 


N.  C.  Curtis 

.....do 

do 

do 

do 


do 
do 
.do 
.do 
.do 


.do 

do 

do 

do 

.do 

do 


.do 
.do 
.do 
.do, 
.do 
.do 
do 
.do 
.do 


.do 
.do 
.do 
.do 
do 
.do 
do 
.do 
.do 


I  Gage  I    Dis- 
, height,  charge. 


Feet. 
24.73 
25.15 


25.25 
21.03 


22.25 
22.50 
23.42 


23.68 


25.45 
SS.75 
25.13 
24.27 
1.28 

24.53 


25.05 


26.22 
21.63 
24.00 
24.25 
24.25 
23.89 
20.03 


23.88 

23.60 

23.72 

28.70 

23.0 

20.0 

20.25 

26.46 

25.66 


Sec-ft. 

218.1 
08.1 
93.0 
60. 3 

108.4 


50.3 
39.35 
61.3 
55.0 
520.3 


161.4 
117.0 
109.0 
107.0 
80.0 

65.0 


29.0 
34.0 
27.0 
393.1 
130.3 
119.0 
160.0 
216.0 
549.0 


178.0 

12tt.0 

119. 

235. 

801. 

317. 

265.44 

243.0 

307.0 


0 
0 
0 
1 


Miscellaneous  discJiarge  measurements  of  Catawba  River  and  its  tributaries. 


Date. 


Stream. 


1900. 
June  28 
Aug.  20 
Sept.  20 
June  28 
Aug.  20 
Sept.  20 
June  28 
Do... 


Aug.  20 
June  28 

Aug.  28 
June  28 


Aug.  28 
June  14 

Aug.  20 
July    8 

Aug.  18 
Sept.  21  ' 


Catawba  River 

do 

do 

Mill  Creek 

do 

do 

Jarrett  Creek  . 
Curtis  Creek  .. 


do 

Crib  Creek. 


do 

Clear  Creek. 


do 

Buck  Creek . 


do 

North  Fork  of  Ca- 
tawba River. 

do 

....do 


Locality 


Oldfort,  N.  C 

do 

do 

do 

do 

do 

Near  Oldfort,  N.  C 

Two  hundred  feet  above  ford 
of  Oldfort  road.  North  Car- 
olina. 

.  .  .do 

Near  ford  of  main  road, 
North  Carolina. 

do 

Two  hundred  feet  above  ford 
of  main  road,  North  Caro- 
lina. 

do 

One-eighth  mile  above  mouth 
at  mam  ford.  North  Carolina. 

do 

First  ford  above  mouth, 
North  Carolina. 

....do 

...do 


Hydrographer. 


H.  A.  Pressey.. 
N.C.Curtis... 

do 

H.  A.  Pressey.. 
N.C.Curtis..., 

do , 

H.  A.  Pressey.. 
do 


N.C.Curtis.. 
H.  A.  Pres-wy. 

N.C.Curtis.. 
H.  A.  Pressey. 


N.C.Curtis.. 
H.  A.  Pressey. 

N.C.Curtis... 
H.  A.  Pressey . 


N.C.Curtis 
do 


Gage  I    Dis- 
heignt.  charge. 


Feet. 

10.10 

12.70 

13.78 

3.85 

6.73 


4.9 


5.35 


3.18 


Sec. 'ft. 
63.0 
11.0 
12.0 
85.0 
27.0 
13.0 
17.0 
82.11 


16.50 
28.03 

10.0 
25.25 


12.0 
51.91 

41.4 
340.3 

67.3 
61.60 
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Jliscellaneous  dineharge  measurements  of  Catawba  River^  etc, — Continued. 


Date. 


Stream. 


Locality. 


l&OO. 
June  15 

Jnneas 
June  14 
June  itt 
July  10 
Aug.  17 
Sept.  21 
June  U 
June  16 
July  10 
Aug.  17 
June^ 
June  21 
June  14 

June 18 
Aug.  17 
Juuel4 
Aug.  10 
Sept.  34 
June  13 

July  6 
Aug.  8 
Sept.  24 
June SO 


Do. 
Do. 


Turkey  Cove  Creek. 


do 

Muddy  Creek.. 

do 

do 

do 

do 

Paddy  Creek  .. 

do 

do 

do 

Linville  River. 

do 

Cane  Creek 


do 
.do 


Just  above  second  ford,  North 
Carolina. 

do 

Bridgewater.  N.  C 

!l!!!do''"'"!l"'l!!]!""!!]"" 

do 

...do 

Necir  Bridgewater,  N.  C 

do 

...    do 

do 

Linville,  K.  C 

do 

Lowest  ford  of  main  Morgan- 
ton  road,  North  Carolina. 
do 


...do 

Silver  Creek 1  Near  Morgan  ton,  N .  C . 

do ! do 


do 

Upper  Creek 


do., 
do. 
do. 
do. 


.do 


do 


Steel  Creek 


Sept.  25 
Nov.  6 
Sept.  25 
Nov.  6 
Do... 
June  13 

Jaly  6 
Aug.  8 
Sept.  24 


Johns  River 

do 

Mulberry  Creek. 

do 

Wilson  Creek 

Lower  Creek 


.do 
do 
.do 


One-fourth  mile  above  mouth, 

North  Carolina. 

...do 

do 

do 

Ford   at    Henderson's  mill. 

North  Carolina. 
Upper    Creek    Falls,    North 

Carolina. 
Footbridge  100  yards  above 

mouth.  North  Carolina. 

Collettsville,  N.  C 

do  

At  mouth.  North  Carolina 

do .. 

do 

Two     miles     above   mouth. 

North  Carolina 

...do 

do 

do 


Hydrographer. 


L.  V.  Branch. 


do 

H.  A.Pressey .. 
L.V.Branch-.. 

do 

N.C.Curtis.... 

do 

H.  A.Preasey ., 
L.  V.  Branch . . . 

do 

N.C.  Curtis.... 
H.  A.Pressey.. 

do 

do 


L.V.  Branch. 
N.C.Curtis. 
L.V.Branch. 
N.C.Curtis. 

do 

E.  W.  Mvers  . 


L.  V.Brnnch. 
N.C.Curtis.. 

do 

H.  A.  Pressey 


do 
do 


N.C.Curtis. 

do 

do 

do 

.  ...do 

E.  W.  Myers . 

L.  V.  Branch. 
N.C.Curtis. 
....do 


Gage 

height. 


Feet 
5.75 

6.30 
5.80 
4.1 
6.0 
6.43 
6.34 
11.3 
5.4 
11.55 
12.35 
14.83 
14.23 
5.72 

5.a5 

6.3 

6.84 

8.30 

8.20 

2.2 

2.3 


12.9 


Dis- 
charge. 


Sec.-ft. 
21.48 

164.8 
161.9 
618.0 
119.2 
98.6 
101 
19 
a«0.67 
11.5 
7.0 
21.0 
90.22 
18.  .58 


4.77 
4.47 
7.85 
7.95 
0.75 
14.58 


15.38 


78 


28.45 
7.2 

124.0 
48.4 
56.0 

182.4 

50.0 
85.05 
60.0 
20.43 

27.0 


3.20  I    100.21 


40.0 

135.0 

17.0 

39.0 

208.0 

209.0 

132.0 
69.0 
.56.0 


Mhicellaneous  discluxrge  iiieasurenients  of  Broad  River  {of  the  Carolinas)  and  its 

tributaries. 


Date. 


Stream. 


1900. 
Aug.  28 

Aug.  25 

Oct.  18 

AuK.22 

Oct.  6 
Aug.  21 

Do... 
(.  ct.     6 
Aug.  21 

Do... 
Aug.  22 

Do... 

Oct.  6 
Aug.  25 
Oct.  8 
Aug.  25 


Broad  River 


.do 


do 
do 

.do 
.do 


...do 

do 

Hickory  Nut  Creek 
Reedy  Patch  Creek 
Buffalo  Creek 


Cove  Creek 


do 

Mountain  Creek 

do 

Maple  Creek 


Locality. 


Ford  1  mile  above  mouth  of 
Second  Broad  River,  North 
Carolina. 

McClure's  bridge,  North  Car- 
olina. 

do 

Near  mouth  of  Buffalo  Creek, 
North  Carolina. 

do 

Bridge  at  Batcave  post^oftice, 
N.C. 

....do 

do 

At  mouth.  North  Carolina . . . . 

do 

Fifteen  yards  below  main 
ford,  North  Carolina. 

Bridge  at  Rutherford  ton 
road,  North  Carolina. 

do. 

Near  mouth,  North  Carolina. 

do 

do 


Hydrogi'apher. 


H.  A.  Pressey 


N.  C.  Curtis 


do 
do 

.do 
do 

.do 

.do 

do 

do 

do 

-do 

.do 
.do 
.do 
.do 


Ga( 

heig 


±t. 


Feet. 
5.a5 


23.43 

22.67 
15.2 

14.59 


10.15 

10.45 

4.80 

5.  iO 

4.10 

18.65 

18.16 
6.83 
6.48 
7.70 


Dis- 
charge. 


Sec- ft. 
049.0 


220.0 

434.0 
57.1 

145.4 
50.1 

48.0 
62.4 
15.2 
13.0 
17.0 

09.3 

86.0 
55.3 
70.2 

1        8.4 
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Miscellaneous  discharge  measurements  of  Broad  River,  etc. — CoDtinaed. 


Date. 


1«00. 
Aug.  '£> 
Oct.     8 
Sept.  ;i 

Do... 
Aug.  31 

Aug.  2} 

Oct.     5 

Aug.  24 


Oct.     4 
Aug.  Zi 

Aug.  23 
Do... 
Aug.  24 
Aug.  23 
Aug. »» 
Oct.  10 


Stream. 


Green  River. 

do , 

do 


Cove  Creek 

White  Oak  Creek.... 

Second  Broad  River. 


.do 
.do 


.....do 

Cane  Creek 


Cathey  Creek 

Hollins  Creek 

Robersons  Creek . . 

Puzzle  Creek 

First  Broad  River. 
do 


Locality. 


Cox's  bridge.  North  Carolina 

do 

Near  Saluda,  on  Howard  Gap 

road.  North  Carolina. 
Near  mouth.  North  Carolina . 
One-half  mile  above  mouth. 

North  Carolina. 
One  and  one-half  miles  east  of 

Forest  City,  N.  C. 

do 

Bridge    on    Rntherfordton- 

Morganton     road.     North 

Carolina. 

do 

One  mile  above  mouth.  North 

Carolina. 
At  mouth.  North  Carolina . . . . 

do 

do 

Near  mouth.  North  Carolina . 

do 

....do 


Hydrographer. 


N.  C.  Curtis. 

do 

do 


do 
do 


-do 


do 
.do 


do 
.do 

.do 
do 
do 
do 
do 
.do 


Gage 


Dis- 


helght.  charge. 


Feet. 
22.9 
22.6 
17.7 

5.40 
4.65 

20.8 

20.  :£ 
7.36 


7.00 
5.43 

3.35 
5.8 


6.70 
17.7 
16.2 


Sec. ft, 

299.0 

2.V*.  4 

74.1 

19.2 
64.0 

153.3 

188.3 
^.0 


64 
17 


0 

0 


42.0 
14.3 
24.0 
10.0 
28>'».  3 
206.4 


Miscellaneous  discharge  measurements  of  South  Saluda  Creek  and  its  tributaries. 


Date. 


1900. 
Sept.  \ 


Oct.  14 
Sept.  7 

Oct.  14 
Sept.  7 

Oct.  13 
Sept.  7 
Oct.  13 
Sept.  6 

Do... 

Do... 


Stream. 


South  Saluda  Creek. 


.do 
do 


.do 


Middle  Saluda  Creek 


do 

North  Saluda  Creek. 

do 

do 


do 

Fall  Creek 


Locality. 


Freeman  Bridge,below  mouth 

of    Middle    Saluda   Creek, 

North  Carolina. 

do 

Two  miles  above  mouth  of 

Middle  Saluda  Creek,North 

Carolina. 

do 

One  mile  above  mouth.  North 

Carolina. 

do 

Iron  bridge  at  Marietta,  N.  C. . 

do 

Bridffe    on    Lima-Cleveland 

Mills  road.  North  Carolina. 
Two  miles  below  Humphrey's 

store.  North  Carolina. 
Bridge  on  road  to  Lima,  N.  C. . 


a  Estimated. 


Hydrographer.     b^XLhS^ 


::^.  Curtis 

do 

Feet. 
14.1 

14.1 

do 

6.0 

do 

6.0 

do 

11.76 

do 

do 

do 

14.7 
14.17 

do 

12.9 

do 

14.2 

do 

Sec.-ft. 
223.0 


171.0 
188.0 


134.0 
68.0 

55.0 

58.2 
80.0 
56.1 

26.1 

a  15.0 


Miscellaneous  discharge  measurements  of  Tugaloo  River  tributaries. 


Date. 


1900. 
Dec.  21 

Do... 

Do... 
Dec.  22 

Do... 

Do... 
Dec.  23 
Dec.  24 

Do... 


Stream. 


South  Prong  of  Pan- 
ther Creek. 

Panther  Creek 

Tiger  Creek 

..  .-do 

Scott  Creek 

Timpson  Creek 

Tallulah  River 

Stekoa  Creek 

Chattooga  River. . . . 


Locality 


Near  Turner ville,  Ga. 


.do 


Nine  miles  north  of  Tallulah  Falls,  Ga. 

Six  miles  south  of  Clayton,  Ga 

Clayton,  Ga 

Five  miles  from  Clayton,  Ga 

Burton,  Ga 

One  mile  east  of  Clayton,  Ga 

Rogers  Ford,  Georgia 


Hydrographer. 


J.  C.  Conn , 


.do 
.do 
.do 
do 
.do 
.do 
do 
.do 


Dis- 
chargei 


I 


Sec.-ft. 
8.8 

SI  5 

18.2 

.      11.8 

9. 

12. 

263. 

9.9 

2ra.5 


0 
2 

1 


SOUTHEBN  APPALACHIAN  REGION. 


207 


MisceUaneoua  discharge  measurements  of  Broad  River  {of  Georgia)  and  its  tribu- 
taries. 


Date. 


Stream. 


A 


19110. 
Dec.  19 

Do... 
Dec.  20 

Do... 
Dec,  26 

Do.  . 
Do... 


Do... 
Do.. 
Do.. 
Dec.  27 
Do.- 


.  Grove  Creek 

'  Hickory  Level  Creek 
Little  Hudson  Creek 
Little  NaiLs  Creek . . . 
North  Broad  River.. 

I  Davifl  Creek 

Leatherwood  Creek. 

I  Little  Leatherwood 

i      Creek. 
Middle  Broad  River. 
Little  Hudson  River 
Hickory  Level  Creek 
Grove  Creek 


Locality. 


Maysville.Ga 

do 

Homer,Ga 

do 

Three  and  one-half  miles  south  of 

Toccoa,  Ga. 

Four  miles  south  of  Toccoa.  Ga  

Eight  and  one-half  miles  south 

Toccoa,  Ga. 
Ten  miles  south  of  Toccoa,  Ga 


of 


Ten  miles  northeast  of  Homer,  Ga 

One  mile  north  of  Homer,  Ga 

Three  miles  south  of  Maysville,  Ga... 
Two  and  one-half  miles  northeast  of 
Maysville,  Ga. 


Hydrographer. 


C.  Conn 
..do.... 
.-do.... 
..do.... 
..do.... 


.do 
.do 

do 

do 
.do 
do 
.do 


Dis- 
charge. 


Sec.'ft. 

29.1 

20.3 

147.3 

9.1 

7.8 

2.3 
8.3 

6.5 

96.6 
82.0 
26.5 
28.5 


Miscellaneous  discharge  measurements  of  Savannah  River  tributaries. 


Date.                Stream. 

Locality. 

Hydrographer. 

Gage 
height. 

Feet. 

Dis- 
charge. 

1000. 
June  30 

Hollow  Preak 

Kathwood.S.C 

Near  Carlton,  Ga 

B.M.Hall 

Src.'ft. 

May    2     South  Brond  River. 

Max  Hall 

3.20 
2.20 

200.0 

Oct.   18 

Broad  River 

Baker's  ferry,  about  25  miles 
below  Carlton,  Ga. 

do 

949.0 

Miscellaneous  discharge  measurements  of  Oconee  River  and  its  tributaries. 


Date. 


1900. 
Aug.  27 
Dec.  27 
Dec.  28 
Dec  18 
Dec.  19 

Do... 

Do.. 

Do.. 

Do  . 
Dec.  27 

Do  . 

Do.. 


Stream. 


Oconee  River 

do 

....do 

Appalachee  River. . . 

Cedar  Creek 

Walnut  River 

Middle  OcoD«e  River 

Hurricane  Creek 

North  Oconee  River 

do 

Hurricane  Creek 

Middle  Oconee  River 


Locality. 


Carey,  Ga 

do 

Milledgeville,  Ga. 

Dacula,  Ga 

Hosc^hton,  Ga 

Pendergrass,  Ga  . 

do  

Dry  Pond,  Ga 

....do 

do 

do 

Fendergrass,  Ga. , 


Hydrographer. 


I  Gage  I    Dis- 
heignt.  charge. 


W.  E.  Hall. 
Max  Hall .. 

do 

J.  C.  Conn.. 

do 

.....do 

do 

do 

do 

do 

do 

do 


Feet 
2.37 
3.00 
3.44 


.     Sec -ft. 

"  '  1,199.0 

1.566.0 

2,349.0 

11.4 

27.3 

66,8 

70.3 

6.5 

72.8 

103.8 

8.2 

6i.4 


Miscellaneous  discharge  measurements  of  Ocmulgee  River  and  its  tributaries. 


Date. 


1900. 
Oct.  10 
Dec  18 

Do... 
Do... 
Do... 
Do... 
Dec.  28 
Do... 
Do... 


Stream. 


Locality. 


Near  Stone  Mountain,  Ga. 
Stone  Mountain,  Ga 


Yellow  River 

Stone  Mountain 
Ci'eek. 

Haynes  Creek I  Snellville,  Ga 

Big  Creek i  Tripp,  Ga 

Shoal  CYeek I  Bramlett  Shoals,  Georgia 

Alcovy  River do 

do 

•Shoal  Creek 

Yellow  River 


do 

do 

Annistown,  Ga 


Hydrographer. 


Max  Hall  . 
J.  C.  Conn. 


do 
do 
.do 
do 
.do 
do 
do 


Dis- 
charge. 


Scc.-ft. 

112.0 

18.1 

2.0 

3.9 

9.3 

a3.7 

34.5 

8.5 

151.7 
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Miscellaneous  discharge  measurements  of  Chattahoochee  River  and  its  tributaries. 


Date. 


1900. 
Aug.  20 

Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Aujr.  21 

Do!]! 
Do... 
Do... 
Do... 
Auff.  22 

Do!!- 

Do... 

Do... 

Do... 

Do... 
Aug.  23 

Do... 

Do... 

Do... 

Do... 
Aug.  24 

Dec.  .21 
Do... 


Stream. 


Cane  Creek 


Yahoola  Creek 

Chestatee  River 

Singleton  ditch 

Yahoola  ditch 

Yahoola  Creek 

Cane  Creek 

Wards  Creek 

Charles  Creek 

Tates  Creek 

Mill  Creek 

Turner  Creek 

Shoal  Creek     

Chestatee  River 

Town  Creek 

....do 

Loud  ditch 

Jennies  Creek 

E.  Tessan tee  Creek. 

Tessantee  River 

Shoal  Creek 

Dukes  Creek 

Chattahoochee  River 

>Santee  Creek 

,  Soque  River 

Flat  Shoals  Creek . . . 
'  Little  River  Creek.. 


Glades  Creek 
Hazel  Creek . 


Locality. 


Near  Dahlonega,  Qa 


.do. 

.do. 

-do, 

do. 


Five  miles  above  Dahlonega,  Ga 

Five  miles  north  of  Dahlonega,  Ga  . . 

At  mouth.  Georgia 

Near  Louisville,  Ga 

One  mile  above  mouth,  Georgia 

Near  mouth,  Georgia 

do 

Above  mining  ditch,  Georgia 

Below  Turner  Creek.  Georgia 

Six  miles  above  mouth,  Georgia 

Two  miles  above  mouth,  Georgia 

Near  Henesey,  Ga 

Near  Pleasant  Retreat,  Ga 

At  mouth,  Georgia 

Near  Pleasant  Retreat,  Ga 

Near  mouth,  Georgia 

Two  miles  above  mouth,  Georgia 

Nacoochee,  Ga 

At  mouth,  Georgia 

Porter  Mills.  Georgia 

Johnson's  mill,  near  West  Point,  Ga. 
Near  Land,  G^rgia 


Five  miles  northeast  of  Demorest.  Ga. 
Demorest,  Ga 


Hydrographer. 


Dis- 
charge. 


W.  E.  Hall  and 
H.  G.  Stokes. 

do 

do 

do 

.  ...do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do 

....do 

do 

...-do 

do 

Max  Hall 

W.  E.  Hall  and 
H.  G.  Stokes. 

J.  C.  Conn 

do 


28.6 

66.0 

2S7.0 

L8 

80.4 

22.7 

13.3 

6.0 

9.0 

8.0 

5.0 

20. 0 

23.0 

09.0 

23.0 

67.0 

7.8 

21.7 

70.8 

142.0 

9.7 

55.0 

80.5 

69.0 

212.0 

113.0 

12.3 

62.0 
92.7 


Miscellaneous  discharge  mea,surements  of  Etowah  River  and  its  tributaries. 


Date. 


1900. 
Aug.  14 

Do... 

Do... 

Do... 
Do... 
Aug.  15 

Do!!! 
Do... 
Aug.  16 

Do... 

Do... 
Aug.  17 

Do... 
Do... 
Do... 
Do... 
Do... 

Do... 
Aug.  18 

Do!!! 
Do... 

Do... 
Do... 

Aug.  21 
Sept.  25 

Do! 
Nov.  15 


-I 


Stream. 


Little  River 

Smith  wick  Creek  . . . 

Buzzard   Flopper 

Creek. 
Board  Tree  Creek. . . 
Sittingdown  Creek.. 

Etowah  River 

Coeburns  Creek 

Yellow  Creek 

Amicalola  River 

Spriggs  Creek 


Little   Amicalola 

Creek. 
Big  Amicalola  Creek 

Spriggs  Creek 

Carder  Creek 

Parks  Creek 

Pigeon  Creek 

Shoal  Creek 

Etowah  River 

West  Amicalola 

Creek. 

Crane  Creek 

Carder  Creek 

Spriggs  Creek 

Parks  Creek 

Mill  Creek 


Locality. 


Nimblewill  Creek 
Etowah  River 


Montgomery  Creek. 

Etowah  River 

Petits  Creek 

Pumpkin  Vine  Creek 
Town  Creek 


Arnold's  mill,  Georgia. 


Between  Arnold's  mill,  Georgia,  and 

Creighton,  Ga. 
do  


...do 

...do 
...do 
...do 
...do 
..,do 
...do 
...do 

...do 

...do 
...do 
...do 
...do 
...do 
...do 
Near  Auraria,  Ga do 


do 

Creighton,  Ga 

Near  Hightower,Ga 

do  

Near  mouth,  Georgia 

About  3  miles  above  mouth,  Georgia. . 
One  mile  below  Summerour  place, 

Georgia. 
Below  Amicalola  Falls,  Georgia 


Near  Afton  post-office,  Ga 
Near  Juno  post-office.  Ga  . 

Near  mouth,  Georgia 

do  

Near  Dawsonville,  Ga 

do  


Hydrographer. 


W.  E.  Hall  and 

H.  G.  Stokes. 
do 


Langston  Ford,  Georgia. 


Below  Amicalola  Falls,  Georgia. 

Near  Emma,  Ga 

At  Spriggs  Ford,  Georgia 

Near  Parks  place,  Georgia 

Near  mouth.  Georgia 


One  mile  above  mouth,  Georgia 

Below  mouth  of  Nimblewilf  Creek, 
Georgia. 

Near  Randa,Ga 

Near  Cartersville,  Ga 

do 

do , 

Alice,  Ga 


B.M.Hall 


W 


do 

do 

do 

do 

E.  Hall  and 
H.  G.  Stokes.    . 

..do 

..do 


do.... 

Max  Hall 

do.... 

....  do.... 
O.P.Hall. 


Dis- 
charge. 


Sec-ft. 
66.3 

8.0 

8.0 

8.0 
54.4 

664.0 
12.0 
46.7 

241.0 
21.3 

4.3 

83.0 
27.7 
16.2 
16.0 
7.6 
84.6 
267.0 
15.9 

6.5 
9.0 

14.0 
7.3 

34.0 

40.0 
182.0 

10.4 

al,235.0 

16.0 

60.5 

6.7 


a  Gat^e  height,  2  feet. 
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Miscellaneous  disdiarge  measurements  of  Coosawattee  River  and  its  tributaries. 


Date. 


Stream. 


1900. 
Aug.  13 
AufT.  17  1 
Oct.   18 

Do... 

Do... 

Do... 
Oct.   Ifl 

Do  .. 
Oct.  20 

Do... 

Do... 

Do... 

Do... 

Do... 

Do... 

Oct.  23 
Oct.  24 
Do... 

Do... 
Do... 

Do... 
Do... 

Do... 
Oct  25 
Do... 

Do... 

Do... 
Do... 

Do... 

Do... 
Do... 
Oct.  26 
Do... 
Do... 

Do... 
Do... 

Do... 
Oct.  27  ; 

Do..-| 

Do.. 


Do... 


Sngar  Creek 

Clontz  Creek 

Talking  Rock  Creek. 

Harris  Creek 

Worley  Creek 

Crawfords  Creek 

Tails  Creek 

Flat  Creek 

Cartecay  Ri  ver 

EUijay  River 

Cox  Creek 

Mill  Creek 

Clonegar  Creek 

Clear  Creek  

Turkey  Creek 

Lick  Log  Creek 

Anderson  Creek 

Tickanetley  River  . . 


Pumpkin  Creek 
Downing  Creek 


Locality. 


Rawlston  Creek 

Branch  of  Cartecay 

River. 
Scrongetown  Creek 

Owl  town  Creek 

Big  Turniptown 

Creek. 
Little    Turniptown 

Creek. 
White  Path  Creek. . . 
Branch  of  Briar 

Creek. 
Briai  Creek 


Rock  Creek 

Cherry  Log  Creek. . . 
Boardtown  Creek . . . 

Parks  Creek 

Branch  of  Kells 

Creek. 

Kells  Creek 

Branch    of    Ellijay 

River. 

EUijay  River 

Cartecay  River 

Monntainto  wn 

Creek. 
Middle  Prong    of 

Mountaintown 

Creek. 
West    Prong    of 

Mountaintown 

Creek. 


Near  Ramsey,  Gki 

Southern's  ford,  Georgia 

Near  Carters,  Ga 

Goble,  Ga 

At  mouth,  Georgia 

do 

do 

do 

EUijay,  Ga 

do 

do 

Near  Ellijay,  Ga 

Five  miles  above  Ellijay,  Ga 

One  mile  above  mouui,  Georgia 

Onp  mile  above  mouth  of  Clear  Creek, 

Georgia. 

Cartecay,  Ga 

One  mile  above  mouth,  Georgia 

One  mile  above  mouth  of  Anderson 

Creek,  Georgia. 

Near  Tickanetley,  Ga 

One  and  one-half  miles  above  forks, 

Georgia. 

Near  month,  Georgia 

Enteiing    Cartecay    River,  9  mUes 

above  Ellijay,  Ga. 
Near  mouth,  7  miles  above  EUijay,  Ga . 
At  mouth,  3  miles  above  Ellijay,  Ga. . 
Above  mouth  of  Little  Turniptown 

Creek,  Georgia. 
One  mile  above  mouth,  Georgia 


At  railroad  crossing,  Georgia. 
Whitepath,  Ga 


One  and   one-half    miles    north  of 
Whitepath,  Ga. 

One  mile  above  mouth,  Georgia 

Near  mouth,  Georgia 

do 

At  Boardtown  road,  Georgia 

Near  mouth,  Georgia 


Above  mouth.  Geor^ria 
Near  mouth.  Georgia. . 


At  bridge  If  miles  above  Ellijay,  Ga 
At  railroad  bridge  at  Ellijay,  Ga  . ... 
Above  fork  at  Ratcliff,  Ga 


Near  mouth,  Georgia. 


Above    mouth    of    Middle    Prong, 
Georgia. 


Hydrographer.   Ipijarge. 


O.  P.  Hall 
B.  M.  HaH. 
O.  P.  HaU  . 

do 

.....do 

do... 

do-.    . 

.....do 

dp 

do 


-do 
-do 
.do 
-do 
.do 

.do 
do 
do 

.do 
-do 

.do 
-do 

do 
-do 
.do 

.do 

.do 
.do 

.do 

.do 

-do 

do 

.do 

do 

.do 
.do 

.do 
-do 
.do 

.do 


do 


S€C.ft. 

4.0 

17.8 

91.0 

8.4 

6.5 

5.0 

27.0 

19.0 

105.0 

•>  o 

3.0 

3.0 

7.5 

12.9 

16.3 

70.0 

101.0 

29.8 
23.6 

27.5 
4.6 

7.7 
15.0 
17.4 

1.9 

5.3 

.8 

3.0 

82.5 

21.9 

28.1 

2.4 

L5 

10.6 
3.0 

175.7 

263.2 

37.8 

17.9 


23.2 


Miscellaneous  discharge  measurements  of  Conasauga  River  and  its  trtbutaries. 


Date. 


1900. 
May  15 
Aug.  13 
Sept.  7 
Aug.  13 
Sept.  6 
AuR.  13 
Aug.  14 

Sept.  6 

Aug.  1*4' 
Sept.  6 
Aug.  14 
Sept.  5 
Ang.  15 


Stream. 


Conasauga  River. 

Rock  Creek 

do 

Holly  Creek 

do 

MiU  Creek 

Sumach  Creek 

do 

do 

..-.do 

Conasauga  River, 
.do 


Locality. 


Hydrographer.    \^^^^ 


O. 


P.  Hall 

.do.... 

.do.... 

.do.... 

.do.... 

-do.... 


Near  Resaca,Ga 

Ramsey,  Ga 

do  

Near  Fort  Mountain,  Georgia 

do 

Dunn.Ga 

North  Prong  at  Long  Bridge,  Georgia  do 

South  Prong  at  Long  Bridge,  Georgia    do 

do do, 

North  Prong  at  Long  Bridge,  Georgia ! do 

...|  Alaculsy.Ga ' do 

do I do 

...  do 
...do 
....do 


Jacks  River ;  Near  Alaculsy ,  Ga 

do I do 

Sheets  Creek do 


Sec.'/t, 

420.0 

7.4 

4.3 

13.8 

13.5 

3.0 

3.2 

3.6 

4.1 

3.4 

16.2 

10.7 

30.6 

24.8 

2.0 
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Miscellaneous  discharge  measurements  of  Cooaa  River  tributaries. 


D&te. 


1900. 


Stream. 


Locality. 


Hydrographer. 


-  I- 


Aug.  15  {  Talladega  Creek Kymiilga,  Ala 

Aug.  16     TalleBscha tehee  Creek    Childersburg,  Ala. 
Aug.  17     Hatchet t Creek ,  Oood water, Ala... 


J.R.HaU. 

do.... 

...-do.... 


'    Di8- 
icharga 


107.0 

Vti.O 

81.0 


Miscellanea  lis  dLscJiarge  measurements  of  Tallapoosa  River  and  its  tributaries. 


Date. 


IIW). 
Apr.  7 
Aug.  a 
Aug.  3 
Aug.:28 
Aug.  30 
Nov.  1 
Dec.  12 
Do... 


Stream. 


Locality. 


Tallapoosa  Rirer 

Longahatchee  Creek 

Blue  Creek 

Elkhatchee  Creek. . . 
Timber  Cut  Creek  .. 

Tallaix)08a  Creek 

Cbattasatkee  Creek. 
Sandy  Creek 


Muscadine,  Ala 

Header's  bridge,  Alabama 

Susanna,  Ala 

Island  Home,  Ala 

W  elche's  ferry.  Alabama . . 
Cherokee  Bluff,  Alabama.. 

Diideville.  Ala 

Near  Dade  ville.  Ala 


Hydrographer.   '  harge. 


J.  C.  Conn 
J.R.Hall. 
...'..do  ... 

do.... 

do..-. 

do.... 

do.... 

do.... 


^ec  ft. 

47ft.  0 

125.0 

Hi  0 

40.0 

18.6 

3.A"iO.0 

35.0 

145.0 


Miscellaneous  discharge  measurements  of  New  Riixw  and  its  tributaries. 


Date. 


Stream. 


1900. 
July  18 

Oct.  25 
July  23 

Oct.  24 
July  23 

Oct.  24 
July  23 
Oct.  24 

July  18 

Oct.  25 
July  24 

July  18 
July  24 

July  19 
July  27 
Do... 

July  21 

Oct.  26  i 
July  20 


Do... 
July  21 
July  20 

Oct.  26 
July  20 

Oct.  26  i 
July  25  I 

Oct.  27 
July  25 

Oct.  27 
July  28 


South  Fork  of  New 
River. 

do 

Flannery  Fork 


do 

Middle  Fork. 


...do 

East  Fork 

do 

Meat  Camp  Creek. 

do 

Elk  Creek 


Old  Field  Creek 
Gap  Creek 


Beaver  Creek 

Mulberry  Creek. 
Prather  Creek  . . 


North  Fork  of  New 
River. 

do 

do 


Three  Top  Creek . . . . 

do 

Big  Laurel  Creek  . . . 


do 

Buffalo  Creek 

do 

Horse  Creek.. 


do 

Helton  Creek . 

do 

Wilson  Creek. 


Locality. 


Riverside,  N.  C. 
do 


Ford  of  Boone-Blowing  Rock 
road.  North  Carolina. 

do 

Ford  of  Boone -Aho  road. 
North  Carolina. 

do 

do 

do 

One-fourth  mile  below  Mor- 
etz,  N.  C. 

....  do 

Elk  crossroads,  North  Caro- 
lina. 


One-eighth  mile  above  mouth, 

North  Carolina. 
At  mouth.  North  Carolina  ... 
Near  mouth,  North  Carolina. 
One  and  one-half  miles  below 

Scott  ville,  N.  C. 
One  mile  below  Creston,N.  C. 

do 


Oct.  28   do 


One-half  mile  from  Creston, 
N.  C,  on  road  to  Solitude, 
N.  C. 

Creston,  N.  C 

do 

One  hundred  yards  above 
mouth.  North  Carolina. 

....do 

One-eighth  mile  above  mouth. 
North  Carolina. 

do. 

One-fourth  mile  above  mouth. 
North  Carolina. 

do 

Below  Peasley's  mill.  North 
Carolina. 

do 

Two  miles  above  mouth,  Vir- 
ginia. 

.....do 


Hydrographer.    j^^gf^. 


N.  C.  Curtis 


-do 
-do 

-do 
.do 

.do, 
.do 
-do 
.do 

.do, 
.do 

-do 
-do 

.do 

-do 

do 

-do 

.do 
do 


.do 
do 
do 


.do., 
.do.. 


.do 
.do 

do 
.do 

-do 
do 

-do 


11.85 

ILOO 
6.35 

5.35 
5.70 


5.70 
5.10 
9.00 

8.65 
8.00 

6.1 
4.85 

6.00 

5.1 

8.6 


6. 

6. 

2. 


6. 
7. 
6. 

6. 
5. 


I 


0 
65 


75 
25  ' 
40 

30 
43 


Dis- 
charge. 


Sec.  ft. 
165.0 

741.1 
10.4 

107. 0 
24.4 

234.0 
10.4 

ioa.o 

35.3 

89.0 
10.0 

19.4 
23.4 

23.4 

109.0 
25.0 

49.3 

194.0 
3S.2 


6.6 


6. 
4. 


05 

28 


6. 
6. 


130.0 
37.0 
26.2 

80.4 
44.0 

67.0 
34.3 

140  0 
30.0 

105.0 
35.1 

7ao 
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Miscellaneous  discharge  measurements  of  New  River  y  He, — Continue). 


Date. 


Stream. 


19U0. 
July  29     Fox  Creek 


Locality. 


Hydroirrapher.    b^^/eh^rcc. 


Oct.  28 


do 


One-f  onrtb  mile  above  month, '  N.  C.  Curtis 
Virgiuia.  i 

I uu I do , do 

July  31  [  Peach  Bottom  Creek    Two  hundred   yards  above    do 

I  I     mouth,  Virginia 

(Vt.  29  1 do I do 

depe 
town  road,  Virginia 
do 


....do 
July  31     Little  River !  Ford  of  Independence-Old-  i do 


Oct.  a) 
July  30 


do 


Elk  Creek. 


|.....do 

Two  hundred   yards  above  , do 

mouth,  V'irgi 


nu. 


I   Ftet.  I  Si'c.-.'t. 
I      b5.C 


4.9 

. 

9.1 

4.0 

Ui.U 
21.4 

a'3.0 

199.  C 

318.3 
Oi.  ..H 


Miscellaneous  discharge  measurements  of  French  Broad  River  and  its  tributaries. 


Date. 


Stream. 


Locality. 


1900. 
Sept.  7 

Bept.  12 
Oct.  29 
Sept.  18 

Oct.  17 
Sept.  17 
Sept.  13 
0.t.  15 
Sept.  14 

(Jet.  15 
Sept.  14 


Oct.   15 
Sept.lG 

Do.. 


French  Broad  River. 


-do 

-do 

do 

do 
do 
do 
do 
.do, 


do 

North    Fork    of 

French    Broad 

River. 

do 

do 


.do 


Sept.  14 

Oct.   16 
Sept.  14 

Do... 

Oct   15  '■ 

Sept.  16  i 

Sept.  13 

Sept.  17 

Do... 
Oct.   16 
Sept.  17 

Oct.    16 
Sept.  17 
Do... 

Oct.  17 
Sept.  18 
Do... 

Do... 

Sept.  19  ' 
Oct.  17 
Sept.  19  . 


West     Fork     of 

French   Broad 

River. 

do 

Middle   Fork   of 

French   Broad 

River. 
South    Fork     of 

French  Broad 

River. 
East  Fork  of  French 

Broad  River. 
Tucker  Creek 


Cathey  Creek. 
King  Creek  . . . 


Davidson  River 
do 

Little  River.... 


do 

Bovlston  Creek. 
Mills  River 


do 

Mud  Creek  . . 
Caney  Creek. 


Avery  Creek 


Hominy  Creek 

...  do 

Swannanoa  River . 


One  half  mile  above  Hot 
Springs,  N.C. 

Alexander,  N.  C 

do 

Fanning  Bridge,  North  Caro- 
lina. 

do 

Penrose,  N.C 

Near  Carson  Creek,  N.  C 

do 

Eastatoe  Bridge,  North  Caro- 
lina. 

do 

Two  hundred  yards  above 
mouth  of  West  Fork.  North 
Carolina. 

.,  ..do 

Bridge  on  Brevard-Webster 
road.  North  Carolina. 

Ford  on  road  between  Tuck- 
er and  Shoi.1  creeks.  North 
Carolina. 

Near  mouth,  North  Carolina . 


do 


Bridge  2M  yards  above  ford. 
North  Carolina. 

Footbridge  at  ford  of  main 
road.  North  Carolina. 

Near  mouth,  North  Carolina . 

Two  hundred  yards  above 
mouth.  North  Carolina. 

Ford  o:  Brevard- Jeptha  road. 
North  Carolina. 

Brevard  road.  North  Caro- 
lina. 

Near  mouth,  North  Carolina . 

do 

Three- fourths  mile  above 
mouth,  North  Carolina. 

do 

Near  mouth.  North  Carolina . 

Bridge  on  Old  Haywood  road, 
North  Carolina. 

do 

Near  mouth.  North  Carolina . 

Bridge  on  Westfall  s  place, 
North  (Jarohna. 

Bridge  on  road  from  Mills 
River  to  Asheville,  N.  C. 

Asheville,  N.  C 

do 

Biltmore,N.C 


Hydro^pher.   ^^^!^l\,S!r^, 


L.V.Branch. 

E.  W.  Myers . 
L.V.Branch. 
N.C.Curtis.. 


-do 
.do 
.do 
.do 
.do 

.do 
.do 


do 
-do 

.do 


do 


.do 
do 


.do 


...do.... 
...do.... 


.do 

.do 

.do 
.do 
.do 

.do 

.do 

do 

do 
.du 
do 

.do 

do 
.do 
.do 


Ftet.   \Sec.-rt. 
19.35  I    93^.0 

17.1.5  I  840.0 
16.27  l2,0lJ8.O 
lU.-i'   l.lOl.O 

16.95  !  614.0 
19.8  ,1,160.0 
13.8        266.5 


13.9 
12.4 

11.21 


13.2 
14.98 


5.35 

10.3 

10.2 

4.61 

6.7 

4.71 

16.45 
16.75 
13.66 

14.35 

13.11 

13.4 
5.11 
10.1 

6.66 

15.1 
15.4 
2.91 


206.5 
113.0 

102.4 
1«)0.6 


51.8 
107.48 


7.3  75.  C 


2.20  ,    149.0 


62.0 
77.0 


71.0 

46.0 

28.  u 

30.2 

15.46 

151.7 
70.20 
182.8 

69.2 

2S.6r 
211. 6« 

94.0 

108. 0 

CO.U 

11.31 

80.0 
24. 0 
76.33 
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Miftcellaneous  discharge  measurements  of  French  Broad  River,  etc, — Continued. 


Date. 


190U. 
Sept.  20 

Do  .. 

Sept.  13 

Oct.  30 
Sept.  16 
Oct.  30 
Sept.  12 
Sept.  16 

Oct.  80 
Sept.  12 

Oqt.  ao 

Sept.  11 
Oct.  29 
Sept.  12 
Sept.  17 

Oct.  au 

Sept.  16 
Oct.  30 
Sept.  17 


Oct.  29 
Sept.  a 

Oct.  31 
Sept.  S 

Sept.  10 
Oct.  31 
Sept.  8 

Oct.  31 
Sept.  8 

Sept.  18 
Sept.  7 
Nov.    1 

Sept.  7 


Stream. 


North  Fork  of  Swan 

nanoa  River. 
Flat  Creek 


Beaver  Dam  Creek 

do 

Lees  Creek 

do  

Newfound  Creek . . . 


Locality. 


Hydrographer. 


do 

Reams  Creek 

.....do .  . 

Flat  Creek 

do 

Sanay  Mush  Creek.. 

do 

do 

Turkey  Creek 

do 

Big  Ivy  River 


Three  miles  above  Swanna- 
noa  post-office,  N.  C. 

Two  miles  below  Black  Moun- 
tain StatiouTK.  O. 

Fifty  yards  aoove  mouth. 
North  Carolina. 

....do 

Olivette,  N.C 

...do 

At  mouth.  North  Carolina 

do Three  fourths     mile     above 

mouth.  North  Carolina. 

....do 

At  mouth,  North  Carolina.... 

do 

....do 

...  do 

Bailey.  N.  C 

..-.do 

..  -do 

Blackwoll  Springs.  N. 

do 

One-efghth  mile  below  mouth 
of  Bull  Creek,  North  Caro- 
lina. 

...do 

One  hundred  yards  above 
mouth.  North  Carolina. 

....do 

One  mile  above  mouth.  North 
Carolina. 

At  mouth.  North  Carolina 

....do 

One  hundred  yards  above 
mouth.  North  Carolina. 

do 

Two  hundred  yards  above 
mouth,  North  Carolina. 

...do 

Near  Hot  Springs,  N.  C 

do 

....do 


do 

Little  Pine  Creek.. 

do 

Pawpaw  Creek 


Walnut  Creek . 

do 

Big  Pine  Creek 


do 

Laurel  Creek 


do 

Spring  Creek 

An 

Shutin  Creek 


C... 


N.C.Curtis 
do 


E.W.Myers  . 

L.  V.  Branch. 
E.  W.  Myers  . 
L,  V.  Branch. 
E.  W.  Myers . 
do 


L.  V.  Branch. 
E.  W.  Myers . 
L.V.  Branch. 
B.  W.  Myers . 
L.  V.  Branch 
E.  W.  Myers . 

do 

L.V.  Branch. 
E.  W.  Myers . 
L.V.  Branch. 
E.  W.  Myers . 


L.V.  Branch. 
do 


.do 
do 

-do 
.do 
.do 

.do 
do 


E.  W  Myers . 
L.  V.  Branch. 

do 

do 


Oage 
height. 


Feet. 
16.07 

4.05 

5.00 

6.08 
11.15 
10.95 
it.  to 
10.19 

10.44 
12.1 


IS.ffi 
17.43 
0.73 
9.43 
9.53 
7.97 
8.32 
2.55 


2.72 

5.84 

5.76 
4.6 

23.24 
2.35 
6.07 

6.01 
16.13 

16.77 
2.00 
2.07 
2.61 


Dis- 
charge. 


Sec- ft, 
21.45 

^  S3 

1.46 

4.10 
8.»3 
2  28 
9.41 
34.16 

20.23 

4.89 

9.0 

5.33 

o.O 

21.72 

55.23 

45.0 

35.24 

16.24 

47.59 


41.72 
3.33 

6.0 
0.35 

1  36 
2.24 

4.85 

4.45 

49.0 

5"».0 
15.0 
16.0 
0.4.S 


Miscellaneous  discharge  measurements  of  Nolichucky  River  and  its  tributaries. 


Date. 


1900. 
Aug.  Zi 
Sept.  4 
Aug.  24 
Oct.  17 
July  2 
Aug.  20 
Ort.  21 
Oct.  25 
Aug.  27 


Stream. 


Nolichucky  River 

do 

Toe  River 

do 

North  Tob  River . 
do 


do 

-do 

do 

do 


Do  -J 

Do.J 
Aug.  28 
Oct.  24 
Aug.  27 

Do..  1 
Do... 
Do-.! 
Aug.  26 

Oct.  21 
Aug.  215  ; 
Oct.  21 
Aug.  2b  I 


Kentucky   Fork  of 

North  Toe  River. 

White  Oak  Creek  ... 

Horse  Creek 

...do 

Squirrel  Creek 


Roaring  Creek 

Plum  Trpe  Creek... 

Henson  Creek 

Threemile  Creek... 


do 

Beaver  Creek . 

do  

Grassy  Creek. 


Locality. 


Erwln,  Tenn 

do 

Near  Hun tdale,  N.  C 

do 

Sprucepine,  N.C 

do 

.....do 

do 

Plumtree,  N.  C 

At  ford  of  Lin  ville-Cran  berry 

road.  North  Carolina. 
At  mouth.  North  Carolina  . . . 


.do 
-do 
do 


One-fourth  mile  above  mouth, 

North  Carolina. 
At  mouth,  North  Carolina — 

Plumtree,  N.  C 

At  mouth.  North  Carolina  ... 
Near  old  post-office  at  Elsie, 

N.C. 

do   

Near  Sprucepine,  N.C 

do 

Sprucepine,  N.  C  


Hydrographer. 


L.V.  Branch.. 

do 

....do 

do 

H.  A.  Pressey . 
L.  V.  Branch. . 

....do 

do 

do 

do 


do 


do 

E.  Graves 

L.V.  Branch. 
do 


.do 
do 
do 
.do 

.do 
.do 
do 
.do 


Gage 
leight. 


heig 


Feet 

20.67 

21.53 

15.89 

16.12 


18.20 

18.37 

17.15 

7.55 

3.6 

2.85 

2.26 
5.55 
6.15 
3.12 

7.89 
2.99 
6.94 
5.38 

6.30 
4.50 
4.29 
5.21 


Dis- 
charge. 


Sec.  ft. 

770.0 

411.0 

381.0 

801.0 

323.0 

1U5.0 

78  0 

570.0 

79.0 

18.0 

9.7 

3.36 
9.03 
40.53 
11.2 

15.57 
8.09 
4.8 
2.63 

8.57 
3.29 
3.06 
6.09 
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I  ditcharge  meamremenU  of  yolichttcky  River,  etc — Gootlnned. 


I  Oi-BSsvOee 
,  Bear  Creek 


'.   FUtroc^.Sli 


CftrollDL 

Oct,  30  , do do 

Ang.St  :  OmeCTBak Oiie*haU  mile  aboTe  month, 

Sottb  Carolina. 

Oct    IS    do do 

Sept.  3  I  PigeonCreek -   At  month,  North  CaroUna... 

ixt    IS      ..    do do 

Sept.  3  I  Jack  Creek do 

Oct.   IS  I do -i" 

AOK.SI     Big  Rock  Creek.. 

Ang.fl  I  ngeOD  RconCreekll  At  moaVh.' North  Car 

Oct.  19    do -- ,--.  do 

Atig.^  '  Hollow  Poplar  Creek:  Ford   a 


I  South  Indian  Creek. 

do ;.. 

1  Uartln'Cree'lir.! 

'  ....do 

.  North  Indian  Creek.  : 


,  Sonth  Toe  Blvar 


Aug.  31 

Do... 

Three  Pork  Creek. - 
Book  Creek 

do 

Middle  Creek 

do 

Colbert  Creek 

.-..-do 

Locust  Creek 

-  -do 

Whlteoak  Creek 

....do 

Broim  Creek 


;h  CaroUna 
ir  Erwin,  Teon 


do 

.    a.  W  Hrers  . . 
.  L. V.Branch.. 


month.  ToDoeeaee. 
Pord  of  MicaTUle-Spmceplne 
road.  North  Carofina- 


.  One  mile  BhoTe  mouUi  o 
Three  Pork  Ooek.  NortI 
Carolina. 


road.  North  Carolina. 


At  month,  NorUi  Carolina... 


Ford  of  HlcavlUe-Uarlo 

road.  North  Carolina. 


L.  V.  Branch  .. 


Oct.  sn 

Ans.» 

Oct.  IT 
BfpL  I 


Cane  Branch  -- 

..-do 

Caney  River . . . 


Elk  Pork  Creek.. 

do 

Cattail  Branch  .. 


North  Carolina. 


.   Hnntdale,  M,  C 


north  Carolina. 


.   Near  BnmsTllle,  N.  C-. 
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Miscellaneous  discharge  measurements  of  Nolichucky  River,  etc. — Contmaed. 


Date. 


1900. 
Sept.  1 
Oct.  18 
Sept.  2 
Oct.  18 
Hept.  2 
Oct.  18 
Sept.  2 

Oct.  17 
Sept.  2 

Oct.  17 
Sept.  2 
Oct.  17 


Stream. 


Bowlen  Creek 

do 

Price  Creek 

do 

Bald  Creek 

do 

Elk  Shoal  Creek 

Bald  Mountain 
Creek. 

do 

Little  Bald  Moun- 
tain Creek. 

do 

Big  Creek 

.....do 


Locality. 


Near  Bnrnsville,  N.  C. 
do 


.do 
do 
do 
do 


At  mouth.  North  Carolina 

One  mile  above  mouth.  North 
Carolina. 

do 

At  mouth,  North  Carolina.... 


.do 
.do 
do 


Hydrographer. 


L.V.  Branch. 
do 


.do 
-do 
.do 
.do 
.do 
.do 

do 
.do 

.do 
.do 
.do 


Qage 
height. 


Feet. 
5.08 
4.97 
2.48 
2.58 
4.56 
4.56 
1.63 
8.43 

3.55 
4.91 

4.90 
2.83 
2.89 


Dis- 
chai^a 


Sec.' ft. 
3.45 
4. 03 
9.46 
8.35 

16.25 
9.97 
1.29 

19.7 

10.6 
2.12 

2.«1 
5.67 
2.0 


Miscellaneous  discharge  measurements  of  South  Fork  of  Holston  River  and  its 

tributaries. 


Date. 


1900. 
July  23 

Oct.  3 
July  28 

Oct.    3 

July  28 

Oct.  3 
July  27 
Oot.  1 
July  27 
Oct.  1 
July  27 
Oct.  1 
July  27 

Oct.  2 
July  27 
Oct.  2 
July  27 
Oct.  2 
July  27 

Oct.  2 
July  28 

Oct.  2 
July  28 

Oct.     3 

July  20 

Do... 


Do.. 

Do.. 
Oct.  2 
July  28 
Oct.  3 
July  23 
Sept.  27 
July  21 
Sept.  27 
July  21 

July  23 
Sept.  27 
July  21 

Sept.  27 


Stream. 


South  Fork  of 
8ton  River. 

do 

do  


Hol- 


.do 
.do 


do 

do 

do 

Jim  Scot  Branch . 

do 

Pomer  Creek 

do 

Hogtrough  Creek . 


....do 

St.  Clair  Creek. 

.....do 

Qroee  Creek... 

do 

MiU  Creek..... 


.....do 

RuBh  Creek. 


do 

Laurel  Fork  of  Hol- 
ston River. 

do 

do 


.do 


Atcheson  Creek 

White  Top  Creek . . . . 

do..... 

Beaver  Dam  Creek. . 

do 

Fifteenmile  Creek  .. 

do 

Denton  Valley  Creek 

do 

Wolf  Creek 


do 

do 

Spring  Creek 


.do 


Locality. 


Below  mouth  of  Middle  Fork, 
Virginia. 

...-do 

Below  mouth  of  Laurel  Fork, 
Virginia. 

do 

Above  mouth  of  Laurel  Fork, 
Virginia. 

do 

Rye  Valley,  Virginia 

do 

At  mouth,  Virginia 

.....do 

do 

do 

Lower  ford  of  main  road,  Vir- 
ginia. 

do 

At  mouth,  Virginia 

.....do 

do 

do 

One  mile  above  mouth,  Vir- 
ginia. 

....  do 

Ford  100  yards  above  mouth, 
Virginia, 

do 

One-half  mile  below  Damas- 
cus, Va. 

do 

Near  Laurel  bloomery,  Ten- 
nessee. 

One-half  mile  above  Laurel 
bloomery,  Tennessee. 

Near  head  of  Laurel,  Tenn  ... 

At  mouth,  Virginia 

do 

Damascus,  Va 

do 

At  mouth,  Virginia 

do 

.....do 

do 

Lower  ford  of  main  road  up 
the  river,  Virginia. 

do 

do 

One  mile  above  mouth,  Vir- 
ginia. 

do 


Hydrographer. 


Gaae 
height. 


L.  V.  Branch.. 


E.  W.  Myers. 
....do 


.do 
.do 

.do 
.do 
.do 
do 
.do 
.do 
.do 
.do 


do 

do 

do 

L.V.  Branch. 


.do 


E.  W.  Myers . 
L.V.  Branch. 

K  W.  Myers . 
L.V.  Branch. 

E.  W.  Myers . 
.....do 


do 


do. 

do 

do 

do 

do 

L.V.  Branch. 
E.  W.  Myers . 
L.V.  Branch. 
E.  W.  Myers . 
do 


L.  V.  Branch. 
E.  W.  Myers . 
L.V.  Branch. 

E.  W.  Myers . 


Feet. 
3.06 

8.21 
2.60 

3.89 
1.51 


6.96 


2.1 
2.21r 
.87 


5.76 

5.94 

8.88 

ia) 

4.32 

4.43 
3.63 


a56 

4.61 
5.12 

2.06 

L82 
5.47 
5.72 

n.a6 

12.26 
4.46 
4.23 
5.78 
5.78 
2.85 

2.86 

2.21 

.90 


Dis- 
charge. 


Sec.-ft. 
228.0 

199.0 
652.0 

149.0 
101.0 

48.0 
SO.O 
5.0 
4.12 
0.5 
80. 0 
5.0 
9.0 

1.0 
8.27 
2.0 
2.0 


18.0 

13.03 

4.20 

2.0 
361.0 

88.14 
6L0 

23.0 

4.32 
100. 0 

34.3 
189.0 

32.4 
7.37 

10.46 
6.0 
4.04 
7.0 

7.0 
12.24 
18.0 

10.0 


a  Almost  dry. 
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Miscellaneoua  discharge  measurements  of  South  Fork  o/Holston  Hiver,  etc, — Cont'd. 


Date. 


Btreaxn. 


1900. 
JnJy  21 
Sept.  27 
July  21 
Sept.  36 
July  30 
Sept.  38 
July  30 
Sept.  25 
July  20 
Sept.  25 

July  29 
Sept.  25 
July  20 

Sept.  25 

July  2i 

Sept.  28 
July  26 

Do  .. 


Oct.  1 
July  25 
Oct.  1 
Jiily25 

Oct.  1 
July  25 
Sept.  29 
July  25 

Sept.  29 
July  23 
Sept.  29 

Do" 

July  24 

Sept.  29 


Jacobs  Creek... 

do 

Sharp  Creek 

do 

Fishdam  Creek. 

do 

Jonah  Creek — 

do 

Riddle  Creek... 

do 

Thomas  Creek.. 


Sinking  Creek. 

do 

.....do 


Hatcher  Creek  . 
Middle  Holston. 


do 

Middle  Fork  of  Hols- 
ton River. 
do 


do 

Bear  Creek 

do 

8taley8  Creek 

Hungry     Mother 
Creek. 

do 

Byars  Creek 

do 

Walker  Creek 


do 

Buttons  Branch. 

do 

Halls  Creek 

Cedar  Creek 

Hogthlef  Creek.. 


.do 


Locality. 


At  mouthy  Tennessee 
do 


do 

do 

do 

do 

do 

do 

.....do 

do 

Below  railroad  bridge,  Ten- 
nessee. 

At  mouth,  Tennessee 

do 

One  half  mile  above  Paper- 
viUe.  Tenn. 

One-half  mile  above  mouth, 
Tennessee. 

Five  miles  above  mouth,  Vir- 
ginia. 

.....do 

Sevenmlle  ford,  Virginia 


Above  mouth  of  Bear  Creek, 
Virginia. 

do 

At  mouth,  Virginia 

do 

Marion,  Va. 

Ford  of  main  road  from  Ma- 
rion, Va. 

do 

At  mouth,  Virginia 

do 

Fifty  yards  above  mouth, 
Virginia. 

-...do 

At  mouth,  Virginia 

....do 

...do 

....do 

One-half  mile  above  mouth, 

...yj!?!"!". 


Hydrographer. 


Gaffe 
leignt. 


heig 


L.  V.  Branch. 
E.  W,  Myers . 

do 

....  do , 

do 

L.  V.  Branch. 

do 

E.  W.  Myers . 

do 

do 

do 


do 

.....do 

L.  V.  Branch. 

E.  W.  Myers , 

do 


.....do 

L.V.  Branch. 

....do 


do 

.....do 

E.  W.  Myers. 
L.V.  Branch. 
do 


E.  W.  Myers . 
L.V.  Branch. 
£.  W.  Myers. 
do 


do 

L.  V.  Branch. 
B.  W.  Myers. 

do... 

do 

L.V.  Branch. 

E.  W.  Myers 


Feet 
9.1 


6.86 

6.83 

5.25 

5.26 

11.06 

1L42 

12.19 

11.13 


4.92 
4.42 
8.6 

5.92 

5.96 

6.21 
18.00 

6.23 

7.09 
6.99 
6.90 
9.26 
L18 

1.17 
1.62 
L68 
4.90 

4.89 
4.45 
4.43 
1.73 


5.0 


Dis- 
charge. 


Sec -ft. 
2.07 
2.0 
1.16 
1.19 
5.85 
2.47 
4.0 
4.0 
2.0 
3.0 
2.46 

11.0 
9.09 
3.48 

0.34 

172.0 

100.0 
71.23 

18.0 

11.0 
2.01 
3.0 

14.32 
2.45 

2.36 
4.0 
2.24 
3.0 

9.0 
5.0 
5.0 
17.86 
3.42 
5.0 

5.0 


Miscellaneous  discharge  measurements  of  Watauga  River  and  its  tributaries. 


Date. 


19C0. 
July  16 
Aug.  2 
Aug.  16 
Oct.  6 
Nov.  7 
Dec  28 
Dec.  81 
July  16 
Aug.  10 
Oct.  7 
Anic.  11 

Oct.  7 
Aug.  10 

Oct.  7 
Aug.  li 
Aug.  10 

Oct.  7 
Aug.  10 
Oct.  7 
Aug.  10 
Oct.     7 


Stream. 


Watauga  River, 
.do 


.do 
.do 
.do 
.do 
do 
do 
.do 
.do 
.do 


Wa- 


.-..do 

Boone  Fork  of 
tauga  River. 

.....do 

Moody  MiU  Creek... 

Laurel  Creek   (up- 
per). 

do 

Dutch  Creek 

do 

Cove  Creek 

do .' 


Locality. 


Elizabethton,  Tenn 

do 

do 

do 

do 

do 

do 

Watauga  Fall8,N.C 

do  

do 

One  mile  above  Shull's  mill, 
North  Carolina. 

do 

Shull's  mill,  North  Carolina.. 

do 


At  mouth,  North  Carolina. 
do 


do 

ValleCruces,N.  C 

do 

At  mouth.  North  Carolina. 
do 


Hydrographer. 


E.  W.  Myers  .. 
L.V.  Branch... 

do 

E  W.  Myers... 
L.V.  Branch... 
E.  W.  Myers... 
Ernest  Grraves. 
N.  C.  Curtis... 
L.V.  Branch  .. 
E.  W.Myers... 
L.V.  Branch... 


E.  W.  Myers. 
L.V.  Branch. 

£.  W.  Myers. 
L.V.  Branch. 
do 


E.  W.  Myers. 
L.  V.  Branch. 
E.  W.  Myers. 
L.V.  Branch. 
B.  W.  Myers. 


Oage 
height. 


Feet. 
15.87 
15.77 
16.08 
16.03 
15.27 
15.68 
15.22 


6.62 
6.52 
4.05 

3.78 
2.3 

2.11 

3.2 

2.62 

2.87 
7.42 
7.37 
5.24 
5.15 


Dis- 
charge. 


Sec.'ft. 

450.0 

593.0 

403.0 

848.0 

988.0 

533.0 

973.0 

79.0 

53.0 

6G.0 

19.0 

23.0 
12.0 

13.0 

4.0 

10.0 

6.0 
11.0 

6.0 
12.0 
14.0 
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Miscellaneous  discharge  measurements  of  Watauga  River,  etc — Con  tinned. 


Date. 


Stream. 


1900. 
Aug.  12 

Do... 

Do... 
Oct.  18 
Aug.  10 
Oct.  7 
Aug.  9 
Oct.  6 
Aug.   9 

Oct.  6 

Aug.  9 

Oct.  6 

Aag.  9 

Aug.   6 

Aag.  11 

Oct.  8 
Aag.  12 

Oct.  8 
Aag.    4 

Do... 
Aag.  0 

Do... 

Jaly  30 

Aag.  13 
Do... 
Jaly  29  , 

Aag.  13  I 
JalVao 

Aag.  13* 
Oct.    9 
Aag.  18 

Aug.    8 

Oct.  5 
Dec.  81 
Aug.  Z 
Aug.  17 
Oct.  6 
Dec.  31 
Aug.  8 
Aug.  18 
Oct.  6 
Aug.  3 

Do... 
Do... 

Do... 
Oct.     5 
Dec.  29 
Aug.   3 

Aug.  17 
Oct.  .6 
Dec.  29 
Aug.  2 
Oct.  4 
Aug.  2 
Oct.  4 
Aug.   2 


Oct  4 
July  19 
Aug.  16 
Sept.  24 


Cove  Creek. 


Brushy  Fork  of  Cove 

Orook. 
Rockhouse  Creek — 

do 

Laurel  Creek  (lower) 

do 

Beaver  Dam  Creek . . 

do 

Beech  Creek 


do 

Fogey  Creek. 

do 

Big  Dry  Run 

Elk  Creek.... 


South  Fork  of 

Creek. 

do 

North  Fork  of 

Creek. 

.....do ... 

Cranberry  Creek. 

Blevins  Creek 

Little  Elk  Creek.. 
Dark  Ridge  Creek 

Roan  Creek 


Elk 


Elk 


do 

Forge  Creek. 
Town  Creek . 


do 

Mill  Creek 
Doe  Creek. 

do 

do 

do 


Stony  Creek. 


do 

.....do 

Doe  River. 

do 

do 

do 

do 

do 

do 

do 


Shell  Creek... 
Wilson  Creek. 


Little  Doe  River 

do 

do 

Laurel  Fork  of  Doe 
River. 

do 

do 

do 

Gap  Creek 

do 

Buffalo  Creek 

do 

Sinking  Creek 


do 

Brush  Creek. 

do 

do 


Locality. 


Above  mouth  of  Brushy  Fork , 

North  Carolina. 
At  mouth.  North  Carolina — 


.....do 

.....do 

.....do 

do 

Near  Leander,  N.  C 

do 

Above  mouth  of  Fogey  Creek, 
North  Carolina. 

....do 

At  mouth.  North  Carolina — 

do 

One-eighth  mile  above  mouth, 
North  Carolina. 

One-half  mile  below  mouth 
of  the  Little  Elk .  Tennessee. 

At  Banners  Elk,  North  Caro- 
lina. 

do 

do 


.....do 

Cranberry,  N.  C 

....do 

At  mouth.  North  Carolina 

One-half  mile  above  mouth, 
Tennessee. 

Above  mouth  of  Mill  Creek, 
Tennessee. 

Key  Station,  Tenn 

Near  mouth,  Tennessee 

At  Shoun  crossroads,  Ten- 
nessee. 

do 

At  mouthjTennessee 

Mouth  of  Doe  (town),  Tenn. .. 

do 

.....do 

Ivyspring  poet-office,  Ten- 
nessee. 

One-half  mile  above  mouth, 
Tennessee. 

.....do 

do 

Above  Elizabeth  ton,  Tenn 

.....do 

.....do 

....do 

Near  Ailentown,  Tenn 

do 

do 

Two  miles  below  Roan  Moun- 
tain, Tennessee. 

At  mouth,  Tennessee 

One  mile  above  month,  Ten- 
nessee. 

Ailentown,  Tenn 

do 

...do 

do 


Hydrographer. 


lieigbl 


Dis- 
heigbt  {charge 


do 
do 
do 


At  mouth,  Tennessee 

do 

do 

do 

Lower  ford  of  Johnson  City— 
Elizabethton  road,  Tennes- 
see. 

do 

Near  Carter,  Tenn 

do 

do 


L.  V.Branch. 
do 


do 

E.  W.  Myers. 
L.  v.  Branch. 
E.  W.  Myers. 
L.  V.  Branch. 
E.  W.  Myers. 
L.  V.  Blanch. 

E.  W.  Myers. 
L.  V.  Branch. 
K.  W.  Myers. 
L.y.  Branch. 

....do 


do 


E.  W.  Myers. 
L.V.  Branch. 

E.  W.  Myers. 
L.  V.Branch. 

.....do 

.....do 

....do 


E.  W.  Myers. 

L.  V.  Branch. 

do 

do 


.....do 

E.  W.  Myers. 

do 

L.  V.  Branch 
E.  W.  Myers. 
L.  V.  Branch. 


do 


E.  W.  Myers... 
Ernest  Graves. 
L.  V.  Branch .. 

do 

E.  W.  Myers... 
Ernest  Graves. 
L.  V.  Branch... 

....do 

E.  W.  Myers... 
L.  V.Branch... 


.do 
do 


do 

E  W.  Myers . 

do 

L.  V.  Branch 


do 

E.  W.  Myers. 

do 

L.  V.  Branch 
E.  W.  Myers. 
L.  V.  Branch. 
E.  W.  Myers. 
L.  V.  Branch. 


E.  W.  Myers. 
L.  V.  Branch. 

do 

E.  W.  Myers. 


meet. 
4.81 

2.06 

2.17 

'io."e2* 

"5.6  " 

6.7 
2.94 
8.02 
1.55 

7.21 

11.90 

11.82 
5.61 

5.64 

6.95 

6.08 

1.8 

4.65 

5.7 

4.86 
4.53 
3.48 


I 


Sec.-ft. 
23.0 

5.19 

16.3 
0.8 
4.0 
3. 09 
7.0 
8.0 
7.3 

7.4 
1.4 
2.4 

0.85 

64.0 

9.38 

8.48 
7.0 

4.(1 

5.rj9 

5.05 
6.0 

ao 

60.3 

5.2 

7.0 

29.2 


8.82 

6.0 

9.48 

13.0 

6.23  1 

50  0 

5.49  : 

36.2 

6.46 

28.38 

5.94 

9.0 

6.96 

44.0 

7.59 

16.0 

4.60 

48.0 

5.94 

143.4 

6.20 

106.0 

6.28 

82.0 

5.23 

9IH.0 

6.56 

T2.0 

5.81 

50.0 

6.85 

39.3 

8.46 

41.3 

2.36 

14.0 

8.67 

5.0 

4.42 

35.0 

4.78 

17.0 

4.80  , 

28.3 

5.19 

30.0 

5.60 

15.0 

5.67 

9.0 

&05 ; 

27.0 

4.60 

7.0 

4.12 

8.0 

5.85 

20.0 

5.92 

10.0 

8.73 

1 

5.0 

8.75 

4.0 

6.77 

10.03 

6.82 

9.47 

6.94 

5.14 
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Mincdlaneaiis  discharge  measurements  of  tributariea  of  Tennessee  River  above 

Hivoassee  River. 


Date. 


Stream. 


190a 

Do!!! 

Do... 
Sept  1 
Ang.  20 
Aug.  21 

Sept  1 
Aug.  21 
Aug.  81 
Aug.  22 
AQg.23 

Do... 

Aag.  ao 
Aug.  24 
Aag.») 
AQg.24 

DO... 

Aug.  25 
Aug.  29 
Aug.  25 

Do... 

Do... 
Aug.  29 
Aug.  25 

Aug.  28 
Aug.  27 

Aug.  28 
Aug.  27 
Aug.  28 
Aug.  27 


TelUoo  River 

Cane  Creek 

Ball  Play  Creek 

Citico  Creek 

do 

Mulberry  Creek 

Little  Tennessee 
River. 

do 

Abrams  Creek 

do 

Heese  Creek 

Big  Spring  Creek ... . 

Near  Prong  of  Little 
River. 

Main  Prong  of  Lit- 
tle River. 

do 

Walden  Creek 

do 

Little  Cove  Creek. .. 

West  Fork  of  Little 
Pigeon  River. 

East  Fork  of  Little 
Pigeon  River. 

Middle  Creek 

Bird  Creek 

do 

Middle  Fork  of  Lit- 
tle Pigeon  River. 

.....do 

East  Fork  of  Little 
Pigeon  River. 

Coeby  Creek 

....do 

Big  Pigeon  River . . . . 


Locality. 


Telllco  Plains,  Tenn 

Belltown,  Tenn , 

Tariffville,  T^nn — 

Lillian,  Tenn 

do 

Ipe.Tenn 

Chlihowee,  Tenn  ... 


do 

.....do 

do 

Millers,  Tenn 

Tnckaleechee  Cove,  Tenn. 
do 


.do. 
.do. 


Henderson  Springs,  Tenn. 
.do 


.do. 
.do. 


Sevierville,  Tenn 

do 

do 


...do 

Bird  Creek,  Tenn. 
.....do 

Rictiison,  Tenn — 


do 

East  Fork,  Tenn. 


do 

Cosby,  Tenn. 
Bison,  Tenn 
do 


Hydrographer.    i^£J^ 


O.P.Hall 

do.... 

do.... 

do.... 

do.... 

do.... 

..  ..do.... 


8ee.-ft. 

82.0 

2.0 

2.2 

17.2 

15.8 

5.5 

1,751.0 


.do '  2.115.0 

.do !       40.2 

do I       86.2 

.do ;         4.8 

.do '        4.8 

.do 29.5 


do 


..do 
.do 
.do 
.do 
.do 


.do 
.do 
.do 

.do 

do 

.do 

.do 

.do 
.do 

do 
-do 
-do 
.do 


92.6 

112.5 

26.1 

6.2 

2.5 

95.2 

88.0 

51.5 

178.4 

1.0 

3.0 

1.5 

126.8 

68.9 
10.3 

9.1 

23.5 

27.4 

463.8 


Miscellaneous  discharge  measurements  of  Hitoassee  River  and  its  tributaries. 


Date. 


1900. 
July  26 

Do... 
July  27 

Do"; 
Do... 
Do... 
July  28 

Do'-" 
July  30 

i5o... 

Do... 
July  31 

Do... 

Do... 

Do... 
Aug.    1 

*"&.! 

Do... 
Do... 
Aug.  3 
Do... 
Do... 
Do.  . 
Do... 


Stream. 


Choestoe  Creek. 


Nottely  River 

Level  Land  Creek. 

Stink  Creek 

Town  Creek 

Arqnqnah  Creek .. 

Wolf  Creek 

Butternut  Creek .. 

Coosa  Creek 

Nottely  River 

Yonng  Cone  Creek 

Ivy  Log  Creek 

Camp  Creek 

Nottely  River 

Moccasin  Creek  . .. 

Rapier  Creek 

Nottely  River 

Brasstown  Creek.. 
Long  Bnllet  Creek 

Hog  Creek 

Bell  Creek 

Hiwasaee  River  . . . 
Scataway  Creek . . . 
Hightower  Creek  . 

Fodder  Creek 

OwlCreek 

Mill  Creek 

Centers  Creek 

High  Shoals  .Creek 


Locality. 


Choestoe,  Oa 


do 

do 

Caldwell,  Ga 

do 

do 

do 

Blairsville,  Ga 

Coosa  Creek,  Georgia 

Blairsville,  Ga 

Near  mouth,  Georgia 

Ivy  Log,  Ga 

Camp  Creek.  Georgia 

Thompson's  bridge,  Georgia. 

Ivy  Log,  Ga 

Ranger,  N.  C 

do 

Brasstown,  Ga 

Twine,  N.C 

Hiwassee,  Ga 

do 

do 

Visage,  Ga 

Osborn,  Ga 

Hiwassee,  Ga 

do 

..  .  do 

Mountain  Scene,  Ga 

do 


Hydrographer. 


W.  E.  Hall  and 
H.  G.  Stokes. 

....do 

do 

.....do 

do 

do 

.....do 

do 

do 

.....do 

.....do 

.....do 

.....do 

....do 

.....do 

....do 

.....do 

.....do 

....do 

.....do 

....do 

.....do 

.....do 

.....do 

.....do 

....do 

do 

.....do 

do 


Gaffe 
height. 


Feet. 


1.60 


Dis- 
charge. 


Sec 


1.40 

;:::::i 

1.40  ! 


I 
3 

7 


.-ft. 
17.3 


46.8 
29.5 
22.8 
65.6 
18.8 
20.0 
29.3 
99.6 

50o. 
81. 
82. 
13.7 

462.0 
12.8 
22.0 

Gf)0.4 
94.4 
11.9 
15.0 
20.6 

387.8 
3.2 
73.0 
19.0 
12.3 
22.3 
28.9 
18.5 
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Miscellaneous  discharge  measurements  of  Hivxissee  River^  etc. — Continued. 


Date. 


stream 


1900. 
Aug.  17 
Sept.  4 
Aue.17 

Sept.  4 
Ane.  18 


Do... 
Sept.  8 


LofltCreeh 

do 

Ellis  Creek 

Spring  Creek 

do 

Childers  Creek... 

Spring  Creek 

Conasanga  Creek. 
do 


Locality. 


Near  Reliance,  Tenn  . 

do 

do 

At  mouth,  Tennessee. 

do 

Near  Reliance,  Tenn . 

Springtown,  Tenn 

Mecca.  Tenn 

Near  Jalapa,  Tenn  ... 


Hydrographer.   ,^^^^^ 


O.  P.  Hall 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


Sec- 


6.5 

2.0 
6..S 
4.3 

6.8 

4.0 

25.0 

20.2 


Miscellaneous  discharge  measurements  of  Toocoa  iOkoee)^  River  and  its  tributaries. 


Date. 


1900. 
July  19 

Do... 

Do... 

Do... 

Do... 
July  20 

Do... 

Do.. 
July  23 

Do.. 

Do.. 
July  24 

Do!.' 
Do... 


Aug.  15 

Aug.  i6 

Do... 
Sept,  4 
Sept.  5 


Stream. 


Weavers  Creek. 


Starr  Creek 

German  Creek 

Wilscots  Creek 

Persimmon  Creek. 

Toccoa  River 

Noontootly  Creek. 

Big  Creek 

Skeinah  Creek 

Rock  Creek 

Coopers  Creek 

Toccoa  River 

Suches  Creek 

Mill  Creek 

Toccoa  River 


Sylco  Creek 

Greasy  Creek 

Okoee    (Toccoa) 

River. 

Bakers  Creek 

Greasy  Creek 

Okoee    (Toccoa) 

River. 


Locality. 


GBOROIA. 


Near  Blueridge 


Near  Morgan  ton. , . 

do 

Near  Wilscots 


Dial 

Near  month 

Three  miles  from  Noontootly  Creek. 

One  mile  above  mouth 

Near  mouth 

One  mile  above  mouth 

Gaddistown 

Near  Gaddistown 

One  mile  above  mouth 

One-half  mile  above  Mill  Creek 


TENNESSEE. 


At  month  . 

do 

Parksville 

do 


Above  mouth  of  Rock  Creek . 
Parksville 


Hydrographer. 


Dis- 
charge. 


W.  E.  Hall  and 

H.  G.  Stokes. 
do 


.do 
.do 
.do 
-do 
-do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


O.P.Hall 

....do.... 

do.... 


.do 
.do 
do 


Sec  ft. 
10.0 

13.6 

13.0 

26.0 

«.0 

384.2 

12S.0 

52.0 

15.6 

46.0 

lOS.O 

102.0 

27.0 

22.t) 

19.6 


3.S 

11.3 

734.0 

4.0 

5.1 

667.0 


a  After  entering  Tennessee  the  Toccoa  is  known  as  Okoee  River. 


OLENTANGY  RIVER  AT  COLUMBUS,    OHIO. 

This  Station  was  established  November  22,  1898,  at  the  Fifth  ave- 
nue bridge,  Columbus.  It  is  described  in  Wat-er-Supply  Paper  No. 
36,  page  175.  The  observations  of  river  heights  are  made  under  the 
general  direction  of  Prof.  C.  N.  Brown,  of  the  Ohio  State  University. 
Records  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  169.  A  number  of  measurements  made 
in  the  latter  part  of  1899  were  not  published  in  the  foregoing  reports, 
and  they,  together  with  a  measurement  made  on  March  8,  1900,  are 
given  in  the  following  list: 

October  18,  1899:  Gage  height,  1  foot;  discharge,  7  second-feet. 
October  13, 1899:  Gage  height,  1  foot;  discharge,  7  aecond-feet.  ' 
Octoben  14, 1899:  Gage  height,  1  foot;  discharge,  7  second-feet 
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October  20,  1899:  Gage  height,  1  foot;  discharge,  7  second-feet. 
November  17, 1899:  Gage  height,  1.20  feet;  discharge,  44  second-feet. 
December  2, 1899:  Gage  height,  1.10  feet;  discharge,  15  second-feet 
March  8, 1900:  Gfige  height,  5.42  feet;  discharge,  5,089  second-feet. 

Daily  gage  height,  in  feet ,  of  Olentangy  River  at  Columbus,  Ohio,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

1.00 
1.00 
1.00 
1.00 
1.00 
1  00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
100 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Nov. 

Dec. 

1 

2 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.35 
3.10 
2.50 
2.25 
2.50 
2.85 
2.55 
2.20 
3.40 
4.00 
3.20 
2.40 
1.95 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.7D 
2.15 
3.85 
3.10 
2.15 
1.85 
3.45 
3.90 
8.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.40 
3.20 
2.55 
1.80 
1.80 
1.80 
2.50 

2.90 
2.80 
2.80 
2.80 
2.90 
5.55 
6.90 
4.75 
3.05 
3.15 
2.80 
2.65 
2.15 
1.95 
1.75 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 

2.25 
2.60 
2.35 
2.15 
1.90 
1.75 
1.60 
1.30 
1.30 
1.35 
1.40 
1.40 
1.50 
1.50 
1.60 
1.50 
1.55 
2.2() 
2.90 
2.30 
1.90 
3.66 
3.65 
3.06 
2.60 
2.05 
1.80 
1.50 
1.40 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.80 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.35 

1.50 
1.90 
1.90 
1.90 
1.60 
1.40 
1.35 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.45 
1.60 
1.35 
1.20 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.25 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
I.IO 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.80 
1.25 
1.10 
1.00 
1.00 
1.00 
1.05 
1.30 
1.40 
1.90 
1.80 
1.70 
1.65 

1.35 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.35 
1.20 
1.20 
1.20 
2.15 
1.80 
1.70 
2.90 
3.20 
3.00 
2.30 
1.85 

1.60 
1.60 
1.45 
1.20 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.05 
1.10 
1.10 
1.20 
1.80 
2.36 
2.65 
2.20 
1.80 
1.70 

1.70 
1.50 

3 

1.30 

4 

1.25 

5 

1.20 

6 

1.20 

7 

1.20 

8 

9 

1.30 
1.30 

10 

1.30 

11 

1.30 

12 

13 

i.an 

1.30 

U 

15 

16 

17 

18 

19 

SO 

21 

1.60 
1.60 
1.60 
1.60 
1.55 
1.30 
1.30 
1.30 

22 

1.20 

23 

24 

1.20 
1.20 

25 

1.20 

28 

1.20 

27 

1.20 

28 

1.20 

29 

30 

1.20 
1.20 

31 

1.20 

SCIOTO   RIVER  AT  COLUMBUS,  OHIO. 

This  station  was  established  November  22,  1898,  at  the  Grandview 
avenue  bridge,  Columbus.  It  is  described  in  Water-Supply  Paper 
No.  36,  page  176.  The  observations  are  made  under  the  general 
direction  of  Prof.  C.  N.  Brown,  of  the  Ohio  State  University.  Meas- 
urements for  the  year  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  170.  A  number  of  measurements  made  in  the 
latter  part  of  1899  were  not  published  in  the  foregoing  reports,  and 
they,  together  with  the  measurements  made  in  1900,  are  given  in  the 
following  table : 

Discharge  vieasurementa  of  Scioto  River  at  Columbus,  Ohio. 


Date. 


Oci.13,1809. 
Oct.  14, 1899. 
Oct.  20, 1880. 
Nov.  17. 1889 
Nov.  30, 1890 


Gage 
heignt. 


Feet. 
9.10 
9.10 
0.20 
9.30 
9.30 


Discharge. 


8ec.-ft. 


14 
13 
14 
33 
37 


Date. 


Dec.  2. 1880. 
Jan.  18, 1900 
Feb.  10, 1900 
Mar.  7, 1900 


Gage 
eiflrnt. 


helg 


Discharge. 


Feet. 

Sec.-ft. 

9.40 

43 

11.90 

1,328 

12.90 

2,391 

17.37 

8,581 
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Daily  gage  height. 

in  feet,  of  Scioto  River  at  Columbtu,  Ohio,  for 

1900. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Dec. 

1 

9.76 

9.70 

9.66 

9.60 

9.50 

9.45 

9.60 

9.66 

9.60 

9.60 

9.70 

9.76 

11.30 

U.40 

U.36 

11.45 

12.15 

11.95 

11.75 

18.35 

15.26 

14.20 

13.65 

13.15 

12.35 

11.70 

11.10 

10.70 

10.66 

10.50 

10.86 

10.45 
10.40 
10.35 
10.30 
10.80 
10.30 
10.35 
11.50 
14.00 
13.25 
12.75 
12.15 
13.66 
13.76 
12.96 
12.50 
11.45 
10.96 
11.26 
10.85 
10.75 
11.90 
12.65 
13.05 
12.30 
12.86 
12.95 
12.65 

12.5ft 
13.00 
12.60 
12.60 
12.65 
16.66 
17.90 
16.05 
15.80 
15.15 
14.40 
13.60 
12.95 
12.80 
11.80 
11.40 
10.90 
10.90 
11.00 
11.15 
11.10 
10.85 
10.70 
10.60 
10.60 
10.80 
10.80 
10.75 
10.80 
10.90 
10.80 

12.15 
12.70 
12.90 
12.40 
11.85 
11.36 
11.10 
10.85 
10.65 
10.60 
10.40 
10.40 
10.60 
10.96 
10.90 
10.80 
10.75 
11.80 
12.65 
12.20 
11.66 
12.50 
12.15 
11.90 
11.60 
11.15 
10.80 
10.55 
10.45 
10.35 

10.20 

iai5 

10.10 
10.05 
10.00 
9.95 
9.90 
9.90 
9.90 
9.80 
9.90 
9.90 
9.90 
9.80 
9.70 
9.70 
9.70 
9.75 
9.65 
9.60 
9.60 
9.60 
9.60 
9.55 
9..W 
9.60 
9.50 
9.60 
9.50 
9.60 
9.60 

9.60 
9.60 
9.70 
9.90 
9.96 
10.00 
9.95 
9.90 
9.80 
10.20 
10.45 
10.30 
10.06 
9.75 
9.56 
9.45 
9.45 
9.60 
9.50 
9.45 
9.40 
9.40 
9.30 
9.00 
9.00 
9.06 
9.10 
9.26 
9.50 
9.86 


9.40 
9.40 
9.30 
9.30 
9.20 
9.20 
9.20 
9.20 
9.20 
9.10 
9.10 
9.10 
9.10 
9.15 
9.10 
9.10 
9.20 
9.10 
9.05 
9.45 
9.30 
9.20 
9.10 

10.15 
9.40 
9.15 
0.06 
9.10 
9.10 

10.40 
9.90 

9.90 
9.60 
9.45 
9.30 
9.25 
9.10 
9.20 
9.10 
9.15 
9.25 
9.10 
9.00 
9.00 
8.90 
9.00 
9.26 
9.15 
9.05 
8.90 
9.56 
9.65 
9.50 
9.30 
9.80 
10.06 
10.80 
10.26 
10.06 
9.95 
9.80 
9.70 

9.45 
9.30 
9.30 
9.20 
9.20 
9.10 
9.20 
9.15 
9.10 
9.10 
9.00 
9.00 
8.95 
8.90 
8.96 
9.00 
9.00 
9.20 
9.00. 
8.90 
8.80 
8.80 
8.70 
8.76 
8.85 
8.90 
8.90 
8.90 
9.06 
9.30 

9.25 
9.20 
9.20 
9.30 
9.20 
9.15 
9.00 
9.00 
9.20 
9.20 
9.20 
9.40 
9.65 
9.60 
9.36 
9.30 
9.25 
9.20 
9.15 
9.10 
8.10 
9.10 
9.20 
9.20 
9.20 
9.15 
9.00 
9.05 
9.05 
9.00 
9.10 

9.15 

9.15 

9.10 

9.20 

9.10 

9.15 

9.20 

9.20 

9.05 

9.10 

9.10 

9.10 

9.15 

9.20 

9.20 

9.20 

9.20 

9.20 

9.20 

9.25 

9.30 

9.30 

9.80 

10.15 

10.65 

11.70 

11.55 

11.50 

11.40 

11.10 

10.60 

2 

10.35 

8 

10. 15 

4 

5 

10.05 
0.95 

6 

9.85 

7 

9.80 

8 

9.80 

9 

9.85 

ID 

9.90 

U 

9.75 

12 

9.65 

13 

9.66 

14 

9.45 

15 

9.40 

16 

9.40 

17 

9.40 

18 

9.40 

19 

9.40 

20 

9.% 

21 

9.30 

22 

9.35 

23 

9.40 

24 

9.40 

26 

26 

9.40 
9.35 

27 

9.30 

28 

9.30 

29 

9.35 

80 

9.85 

81 

9.35 

MAUMEE   RIVER  NEAR  WATERVILLE,  OHIO. 

This  station  was  established  on  November  19,  1898,  by  H.  A.  Pres- 
sey  and  B.  H.  Flynn.  It  is  located  at  the  highway  bridj?e  near  Water- 
ville,  the  gagings  being  made  on  the  downstream  side.  It  is  described 
in  Water-Supply  Paper  No.  30,  pages  178  and  179,  where  will  also  be 
found  the  results  of  the  discharge  measurements  made  during  1899. 
During  1900  the  following  measurements  were  made  by  B.  H.  Flynn: 

July  26:  Gktge  height,  8.30  feet;  discharge,  2,143  second-feet. 
Novemher  24:  Gage  height,  4.85  feet;  discharge,  6,784  second-feet 

Daily  gage  height,  in  feet,  of  Maumee  River  near  WatervUle,  Ohio,  for  1900. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

ao 

21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
81 


JaD. 


4.00 
4.26 
4.45 
4.50 
4.50 
4.70 
4.35 
3.90 
3.50 
3.05 
2.90 
3.35 
3.. 50 
8.50 
3.55 
3.40 
3.80 
3.2(» 
3.55 
4.05 
4.80 
5.05 
5.30 
5.00 
5.20 
.5.10 
4.65 
4.35 
4.00 
3.60 
3.60 


Feb. 


3.70 
3.60 


3. 
3. 
4. 
4. 
4. 
4. 
6. 


60 
85 
05 
25 
40 
80 
55 
6.60 
7.06 
6.65 
6.25 
6.55 
6.40 
6.75 
6.(15 
4.80 
8.40 
3.35 
3.50 
3.  .50 
3.60 
3.85 
4.a5 
4.45 
4.10 
3.85 


Mar. 


3.60 
3.50 
3.55 
3.80 
4.a5 
4.75 
5.a5 
5.95 
7.90 
11.40 
11.80 
10. 10 
8.fiO 
7.85 
6.80 
6.10 
6.00 
5.65 
6.80 
6.75 
6.  .55 
8.70 
6.70 
6.85 
6.65 
6.40 
6.30 
5.90 
5.35 
5.00 
5.25 


Apr. 


5.40 
5.40 
5.55 
5.60 
5.75 
5.90 
5.50 
4.90 
4.25 
3.85 
3.55 
8.60 
3.95 
4.00 
4.20 
4.35 
4.60 
5.00 
5.35 
5.a5 
5.00 
5.75 
6.10 
6.00 


May. 


June. 


3.55 

3.30 

3.30 

2.90 

2.80 

2.80 

2.90 

3.05 

3.10 

3.00 

2.90 

2.70 

2. 

2. 


July. 


70 
70 
2.80 
2.ft5 


"S     I 


5. 
5. 


70 
25 


4.85 
4.20 
3.00 
3.80 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


60 
.50 
60 
65 
65 
,50 
,55 
.50 
2.50 
2.45 
2.40 
2.45 
2.60 
3.111 
3.70 


3.80 
4.05 
4.45 
4.45 
4.15 
3.00 
3.40 
3.30 
3.  .50 
3.70 

.80 

35 

,60 

35 

.00 

90 
3.55 

3.  .50 
3.30 
3.20 
3.00 
3.00 
3.35 
3.85  I 

i.m 

4.  .55  , 
4.15  i 
3.65 
3.15 
2.75 


3. 
4. 
4. 
4. 
4. 
3. 


2.70 
2.60 
2.65 
2.75 
2.80 
2.80 
2.50 
3.20 
3.80 
4.25 
4.30 
4.C^ 
3.65 
3.60 


Aug. 


I  Sept. 


3. 
3. 


50 
40 


3.35 


3. 
3. 


70 
60 
3.50 
3.65 
3.80 
3.75 
3.30 
3.10 
8.80 
3.15 
2.95 
2.90 
2.75 
3.15 


3.80 
3.25 
3.10 
2.90 
2.80 
2.70 
2.60 
2.40 
2.40 
2.65 
2.75 
2.45 
2.30 
2.30 
,20 
,20 
10 
10 
2.10 
2.10 
2. 10 
2.25 
2.65 


2. 
2. 
2. 
2. 


3. 
3. 


00 
20 


3.30 


2.45 
2.50 
2.35 
2.25 
2.20 
2.10 
2.20 
2.20 
2.15 
2.20 
2.20 
2.10 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 


Oct. 


3.15 

2.10 

2.75 

2.10 

2.70 

2.10 

2.45 

2.10 

2.40 

2.10 
2.20 
2.30 
2.20 
2.25 
2.15 
2.15 
2.10 
2.20 
2.20 
2.20 
2.35 
40 
60 
40 
35 
,30 
20 
10 
15 
15 
10 
20 
20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 


2. 
2. 

2. 
2. 

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


Nov.  Dec 


2. 
2. 
2. 
2. 
2. 
2. 


,20 

,20 

30 

a5 

40 
55 
2.65 
2.40 
2.35 
2.30 
2.30 
2.25 
2.20 
2.25 
2.30 
2.35 
2.35 
2.45 
2.65 
3.45 
4.15 
4.80 
5.25 
5.35 
5.40 
5.30 
5.25 
4.95 
4.55 
4.20 


4.35 
4.70 
4.45 

4.25 
4.(6 
3.80 
3.75 
3.45 
3.55 
3.10 
3.00 
3.0O 

;}.oo 

3.20 
2.95 
2.S5 
2.80 
2.70 
2.65 
2.55 
2.50 
2.30 
2.50 
2.50 
2.35 
2.40 
2.70 
2.75 
2.55 
2.70 
2.70 
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SANDUSKY  RIVER  NEAR  MEXICO,  OHIO. 

This  station  was  established  November  17,  1898,  at  the  highway 
bridge  near  Mexico,  about  40  miles  above  Fremont,  Ohio.  It  ivas 
abandoned  November  17,  1900.  Onl^^  one  measurement  was  made  in 
1899,  when,  at  a  gage  height  of  5.40  feet,  the  discharge  was  1,386  second- 
feet.  During  1900  the  following  measurements  were  made  by  B.  H. 
Flynn: 

July  25:  Gage  height,  1.75  feet;  discharge,  183  eeoond-feet. 
November  22:  Gkige  height,  1.80  feet;  discharge,  225  second-feet. 

Daily  gage  height,  in  feet,  of  Sandusky  River  near  Mexico,  Ohio,  for  1900. 


Day 

Jan.  * 

Feb. 

Mar 

Apr. 

May. 

June. 

July. 

Aog. 

Sept. 

Oct. 

Nor. 

1 

1.5 
1.6 
1.4 
1.3 
1.2 
1.1 
1.1 
1.0 
1.0 
.9 
2.8 
3.5 
4.2 
4.0 
4.8 
4.8 
6.7 
6.2 
4.2 
3.7 
7.9 
7.8 
6.1 
4.7 
3.9 
8.1 
2.8 
2.6 
2.3 
2.0 
2.1 

2.0 
1.9 
1.7 
1.8 
1.9 
1.9 
1.8 
4.2 
7.7 
7.6 
5.3 
3.7 
6.6 
8.3 
7.8 
4.6 
8.9 
8.7 
3.2 
2.7 
2.4 
8.4 
8.7 
4.6 
4.2 
4.1 
4.0 
8.9 

4.4 
6.4 
6.8 
6.8 
6.8 
9.6 
16.6 
15.8 
14.6 
10.9 
9.1 
7.4 
65 
4.8 
4.0 
3.6 
3.1 
2.8 
2.8 
2.7 
2.6 
2.3 
2.4 
2.8 
2.2 
2.8 
2.7 
2.7 
2.8 
2.9 
2.8 

•    8.2 
4.6 
6.0 
4.8 
4.0 
8.4 
8.0 
2.8 
2.6 
2.3 
2.2 
2.7 
8.4 
3.3 
8.8 
2.9 
2.7 
4.3 
5.3 
•4.9 

a.  6 

3.3 
4.0 
4.6 
4.0 
3.3 
2.6 
2.3 
2.0 
1.9 

1.9 
1.8 
1.8 
1.8 
1.7 
1.6 
1.6 
1.6 
1.7 
1.6 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.4 
1.4 
1.8 
1.2 
1.3 
1.2 
1.2 
1.1 
1.1 
1.4 
1.5 
1.6 
1.7 

1.9 
2.1 
2.7 
2.4 
2.1 
1.9 
2.0 
2.2 
2.1 
2.1 
2.1 
1.9 
1.8 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1.5 
1.6 
1.9 
1.7 

1.6 

1.5 

1.4 

1.8 

1.4 

1.6 

1.8 

1.2 

1.3 

1.2 

1.2 

1.1 

1.0 

1.0 

.9 

1.0 

.9 

.8 

.8 

1.0 

.9 

.9 

.8 

.8 

1.3 

2.6 

2.6 

2.4 

2.0 

1.8 

1.9 

2.0 
1.9 
1.7 
1.6 
1.4 
1.8 
1.1 
1  1 
1.0 
1.0 
1.0 
.7 
.9 
.8 
.7 
1.1 
1.3 
1.6 
1.6 
1.6 
8.8 
2.9 
2.5 
6.0 
6.9 
4.6 
4.1 
6.2 
4.8 
2.6 
2.0 

1.7 
1.6 
1.5 
1.4 
1.8 
1.3 
1.1 
1.2 
1.2 
1.3 
1.4 
1.7 
1.5 
1.4 
1.8 
1.1 
1.0 
1.0 
1.0 
1.0 
1.1 
1.2 
1.1 
1.1 
1.0 
.8 
.8 
.7 
.8 
.9 

1.3 
1.4 
1.6 
1.6 
1.5 
1.5 
1.6 
2.2 
2.1 
1.9 
1.8 
1.7 
1.6 
1.6 
1.5 
1.4 
1.3 
1.3 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.1 
1.0 
1.0 
1.0 
.9 

0.9 

2 

.8 

3 

.8 

4 

.8 

5 

6 

1.0 
.9 

7 

1.0 

8 

1.0 

9 

1.0 

10 

11 

.9 
1.0 

12 

1.0 

13 

1.1 

14 

1.0 

15 

16 

.9 
.9 

17 

(a) 

18 

19 

20 

21 

22 

23 

24 

25 

26 

^ 

28 

29 

30 

31 

a  Qage  destroyed. 


SANDUSKY  RIVER  AT  FREMONT,  OHIO. 

This  station,  which  was  established  November  18,  1898,  by  H.  A. 
Pressey  and  B.  H.  FljTin,  is  at  the  bridge  of  the  Lake  Shore  Railroad 
at  Fremont.  It  is  described  in  Water-Supply  Paper  No.  36,  page  181. 
One  measurement  was  made  in  1899 — gage  height,  2.32  feet;  dis- 
charge, 1,784  second-feet.  The  following  measurements  were  made 
during  1900: 

Jtdy  26:  G^e  height,  2.75  feet;  discharge,  2,816  secood-feet. 
November  23:  Gage  height,  1.60  feet;  discharge,  468  second-feet. 
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Daily  gage  height,  infect,  of  Sandusky  River  at  Fremont,  Ohio,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July.  1 

t 

0.85  . 

.85 

.85 

.80 

.75 

.65 

.70 

.85 

.95 

.95 

.90 

.75 

.75 

.65 

.50 

.60 

.50 

.00 

.55 

.40 

..40 

.40 

.90 

1.06 

1.70 

2.36 

1.75 

1.70 

1.50 

1.50 

1.50 

Anff. 

- 

1.40 

1.30 

1.20 

1.10 

.90 

.80 

.80 

.80 

.90 

.85 

.65 

.60 

.75 

.75 

.80 

.75 

.75 

1.10 

1.06 

1.15 

2.75 

2.55 

2.20 

2.75 

3.75 

3.05 

2.80 

2.00 

1.50 

1.45 

1.00 

Sept. 

1 

Oct. 

Nov. 

Dec. 

1 

2 

a95 

.05 

.05 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.95 

1.05 

1.40 

1.05 

2.00 

2.15 

2.15 

2.06 

1.75 

2.00 

3.20 

2.96 

2.40 

1.85 

1.55 

1.85 

1.26 

.86 

.70 

.70 

.70 

0.65 

.65 

.60 

.65 

.65 

.75 

.75 

2.35 

8.30 

2.80 

2.15 

1.45 

3.30 

3.35 

2.70 

1.85 

1.15 

.80 

.95 

.a5 

.&5 
1.35 
1.50 
1.55 
1.60 
1.70 
1.65 
1.80 

1.96 
2.70 
2.75 
2.85 
2.90 
4.65 
6.45 
6.90 
6.70 
5.30 
3.55 
2.35 
1.65 
1.55 
1.80 
•1.40 
1.20 
1.20 
1.40 
1.30 
1.10 
1.10 
1.00 
.90 
.90 
.90 
..90 
1.10 
1.10 
1.00 
1.00 

1.20 
1.70 
1.70 
1.60 
1.60 
1.50 
1.20 
1.00 
.90 
.80 
.80 
1.35 
1.50 
1.40 
1.30 
1.20 
1.30 
2.15 
2.20 
1.80 
1.00 
1.45 
1.85 
1.95 
1.75 
1.35 
1.05 
.90 
.70 
.70 

0.60 

.50 

.40 

.40 

.40 

.30 

.30 

.30 

.35 

.10 

.40 

.30 

.30 

.30 

.30 

.20 

.25 

.30 

.20 

.20 

.20 

.10 

.25 

.26 

1.10 

1.80 

1.30 

1.40 

1.40 

1.40 

1.40 

1.50 
1.60 
1.65 
1.70 
1.60 
1.50 
1.60 
1.60 
1.50 
1.60 
1.60 
1.50 
1.40 
1.50 
1.45 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.30 
1.20 
1.10 
1.10 
1.00 
.90 
.05 
.90 
.80 

1.00 

.95 
1.00 
1.50 
1.65  . 
1.65  ' 
1.65 
1.75 
1.70 
1.70 
1.65 
1.65 
1.70 
1.65 
1.75 
1.60 
1.7a 
1.65 
1.75 
1.80 
1.75 
1.60 
1.40 
1.25 
1.10 
1.00 
1.10 
1.00 
1.00 

1 

1.10 

1.20 

1.10 

1.05 

1.10 

1.20 

1.20 

1.10 

1.20 

1.15 

1.10 

1.05 

1.05 

.90 

.85 

.80 

.95 

1.00 

.85 

,80 

.90 

.95 

1.10 

100 

1.06 

1.10 

1.06 

1.00 

.90 

.85 

1.00 

1.00 

1.05 

.90 

.80 

.85 

.80 

.85 

.80 

.85 

.90 

.85 

.K5 

.75 

.80 

.76 

.70 

.80 

.75 

.80 

1.10 

1.50 

1.70 

1.80 

1.85 

2.10 

2.30 

2.60 

2.20 

2.00 

1.90 

1.75 
1.70 

8 

1.60 

4 

1.35 

5     

1.30 

6 

1.35 

7 

1.20 

8 

1.4<) 

9 

1.30 

10 

1.25 

u 

12 

1.30 
1.15 

18 

1.10 

15 

16 

17 

18 

W 

1.05 
1.00 
1.15 
1.20 
1.15 
1.10 

20 

1,00 

21 

l.OD 

22 

23 

1.05 
1.10 

24 

1.00 

25 

1.05 

26 

1.15 

27 

1.15 

28 

1.10 

29 

1.00 

30 

1.00 

81 

.90 

SENECA  RIVER  AT  BALDWINSVILLE,   NEW  YORK. 

Records  of  the  stations  on  the  New  York  streams  which  belong  to 
the  coast  drainage  will  be  found  in  WateY*-Stipply  Paper  No.  47,  pages 
42  to  80.  A  number  of  the  streams  of  that  State  on  which  stations 
have  been  established  belong  to  the  Great  Lakes  drainage,  and  follow- 
ing the  geographic  arrangement  which  has  been  determined  upon  for 
the  publication  of  the  records  contained  in  these  reports,  the  records 
for  these  stations  are  inserted  on  this  and  the  following  pages.  The 
methods  employed  in  the  gagin^^  of  these  streams  is  discussed  on  pages 
37  to  41  of  Water-Supply  Paper  No.  47,  where  will  also  be  found  a 
list  of  the  gaging  stations  in  New  York  State,  a  table  of  the  current- 
meter  measurements  made  during  1900,  a  table  of  the  drainage  areas, 
and  other  interestinc:  information. 

The  gaging  station  on  Seneca  River  at  Baldwinsville  is  described  in 
Water-Supply  Paper  No.  36,  page  183.  This  river  drains  the  central 
lake  region  of  New  York.  The  outlets  of  Otisoo,  Skaneateles,  and 
Owasco  lakes  are  crossed  by  Erie  Canal,  and  a  portion  of  their  flow 
is  intercepted  for  water-supply  purposes.  Water  from  Lake  Erie 
feeds  the  main  canal  as  far  as  Port  Byron.  Some  of  this  water  is  dis- 
charged into  Seneca  River,  and  thence  is  delivered  into  Lake  Ontario. 

The  upper  reaches  of  Seneca  River  are  canalized,  forming  the  Cayuga 
and  Seneca  canals,  while  dams  on  the  lower  portion  admit  of  slack- 
water  navigation,  forming  a  pait  of  Oswego  Canal.  During  the  sum- 
mer but  little  water  flows  over  the  dam  at  Baldwinsville.    In  times  of 
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low  water  the  mills  are  allowed  to  run  a  certain  number  of  hours  dur- 
ing the  day,  or  until  the  supply  accumulated  in  the  pond  above  the 
dam  is  drawn  down  to  a  certain  level.  The  water  is  diverted  through 
three  power  canals,  and  is  conducted  to  the  water  wheels  by  means  of 
short  lateral  channels.  The  loss  through  leakage  of  wheel  gates, 
flumes,  and  penstocks  is  considerable. 

The  following  current-meter  measurements  were  made  at  Baldwins- 
ville: 

June  11,  1900:  Second-feet. 

Amos  race 193. 5 

Oswego  Canal 504.5 

Main  stream  at  railroad  bridge ' 1,188.0 


Total  flow 1,8«1.0 

September  11, 1900  (no  water  flowing  over  dam): 

South  Side  Canal 475.0 

Oswego  Canal 817.0 

Amos  race 127.0 


Total  flow 919.0 

The  Baldwinsville  record  shows  a  relatively  low  run-off  for  this 
stream.  The  1900  record  is  withheld  for  the  present,  additional 
measurements  to  determine  leakage,  etc.,  being  needed. 

CHriTENANGO  CREEK  AT  BRIDGEPORT,  NEV^  YORK. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  184. 
A  current-meter  measurement  was  made  at  a  highway  bridge  below 
the  inflow  of  Butteniut  Creek,  near  Bridgeport,  on  June  16, 1900,  and 
the  total  flow  of  Chittenango  Creek  at  *that  point  was  found  to  be  95 
second-feet.  The  stage  of  the  stream,  as  shown  by  the  record  kept 
at  Bridgeport,  was  uniform  for  several  days.  The  mean  flow,  as 
computed  from  the  gage  readings,  was  95  second-feet  for  June  15  and 
16.  There  is  no  opportunity  to  measure  separately  the  discharge 
through  the  turbines  or  the  leakage  of  the  dam  at  this  station,  and 
an  allowance  of  15  second-feet  has  been  made  for  the  leakage  of  the 
dam  and  the  dike  leading  to  the  old  sawmill.  The  sawmill,  situated 
on  the  left  side  of  the  stream,  runs  very  irregularly.  The  water 
wheels  are  old,  and  the  penstocks  leak  considerably.  On  June  16  a 
current-meter  measurement  was  made  in  the  headrace  leading  to  the 
sawmill.  The  water  wheels  were  rurining,  and  the  flow  was  found  to 
be  14.4  second-feet. 

The  relativelj^  low  run-off  from  the  watershed  of  Chittenango  Creek, 
as  shown  in  the  accompanying  tables,  may  be  attributed  to  the  diversion 
of  a  portion  of  the  flow  to  supply  the  summit  level  of  Erie  Canal. 

State  dams  are  located  on  the  main  stream  at  Chittenango,  and  on 
its  two  tributaries,  Limestone  Creek  and  Butternut  Creek.  Cazenovia 
Lake,  Erieville,  De  Ruyter,  and  Jamesville  reservoirs  impound  stor- 

1  Inclading  South  Side  Canal. 
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age,  by  which  the  flow  is  regulated  to  some  extent.  Water  is  also 
diverted  from  Tioghnioga  River,  entering  the  Orville  feeder  through 
Limestone  Creek. 

Additional  information  in  regard  to  this  creek  will  be  found  in 
Water-Supply  PajHjr  No.  47,  pages  37  to  41,  in  a  paper  entitled. 
"Methods  employed  in  the  gaging  of  New  York  streams  during  the 
year  1900." 

DaUy  discharge^  in  second-feet,  of  Chittenango  Creek  at  Bridgeport,  Netv  York, 

for  189S, 

[Draioage  area,  307  equare  miles.] 


Day. 


1 

2 

3 

4 

(a) 

5.... 

6 :... 

7 

8 

9 ..... 

10 

11 

(a) 

12 

13 

14 

15 

16 

82 

17 

116 

Sept. 


Oct. 


180 
q205 

m 

172 
156 
309 
235 
204 

also 
165 
194 
196 
197 
181 
354 

a835 
299 


Nov. 


662 

569 

434 

868 

879 

a885 

831 

859 

386 

474 

1,339 

1,571 

a  1,265 

921 

790 

604 

615 


Dec. 


427 
360 
348 

a385 
471 
414 
401 
820 
261 
265 

a465 
434 
454 
442 
460 
472 
619 


Day. 


18 

19 

a68 
119 

20 

139 

21 

117 

22 

111 

23 

24 

26 

115 
185 

a85 

26 

27 

142 
149 

28 

29 

214 
154 

30 

196 

31 

Mean 

129 

Sept. 


Oct. 


284 
297 
820 
269 
468 

a465 
487 
472 
362 
867 
972 
661 

a566 
519 


3U 


Nov. 


600 
606 

a  675 
728 
623 
608 
560 
490 
442 

a465 
523 
418 
421 


612 


Dec. 


a005 
678 


793 

1,155 

1,203 

1.401 

a  1,075 

857 

726 

541 

490 

630 

680 


507 


a  Sanday. 

Daily  discharge^  in  second-feet,  of  Chittenango  Creek  at  Bridgeport,  New  York, 

for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

a  515 

671 

636 

737 

1,067 

1,810 

1,282 

aia35 

724 

486 

473 

623 

849 

738 

al,260 

1,280 

1,101 

632 

890 

395 

389 

a385 

399 

372 

311 

362 

308 

332 

a  385 

448 

j   637 

1   662 

620 
484 
440 
465 

a385 
356 
342 
465 
385 
885 
385 

a385 
538 
524 
462 
362 
449 
354 

a385 
541 
444 
619 
950 

1,074 

1,814 

al,015 

645 

755 

.'i51 

682 
478 
386 

520 

al,260 

1,331 

1,475 

1,069 

860 

852 

659 

a565 

1,196 

1,061 

970 

665 

634 

626 

a565 

rae 

766 

962 

1,081 

1,345 

1,061 

a885 

626 

760 

1,075 

1,.360 

1.360 

837 

a  795 

752 

861 

866 

864 

857 

1.420 

al,676 

1,360 

1,306 

1,274 

1,597 

1,737 

1,614 

al,405 

1,339 

1,221 

859 

861 

629 

447 

a  165 

627 

527 

456 

331 

279 

:)59 

a295 



447 
857 
810 
172 
172 
157 
a95 
172 
172 
227 
237 
172 
172 

a  165 
180 
174 
250 
310 
374 
874 

a385 
281 
265 
252 
197 
195 
227 

a225 
312 
333 
229 

426 
846 
234 
a  106 
184 
229 
229 
244 
192 
147 

a70 
169 
192 
182 
109 
184 
192 

a  70 
152 
84 
92 
100 
124 
134 

a70 

141 

100 

109 

84 

91 

116 
a65 

97 
118 
132 

99 

123 

132 

^a45 

89 
262 
271 
162 
169 

99 
a  70 
101 
221 
210 
204 
152 
117 
a  70 
102 
102 
122 
110 

88 

109 

a  45 

141 

123 

84 

79 

169 

126 

184 

o70 

125 

125 

184 

79 

62 

44 

a  15 

141 

125 

108 

87 

76 

91 

a25 

120 

109 

96 

"(d)" 

'"**56' 
96 
112 

96 

81 
49 

a45 
133 
81 
76 
74 
96 
96 

a  15 
71 
96 
92 
56 
88 
79 

a25 
89 
74 
96 
117 
39 
84 

a25 
67 
49 
112 
119 
96 
79 

76 

a75 

90 

91 

90 

80 

141 

89 

a  45 

107 

117 

101 

101 

85 

72 

a  15 

84 

30 

38 

38 

45 

47 

a  15 

60 

68 

43 

57 

48 

25 

a20 

&5 

65 

64 

1 

60 
145 
145 

160 

a  165 

228 

128 

120 

106 

65 

46 

a85 

72 

57 

65 

60 

88 

.57 

a25 

83 

70 

78 

100 

102 

110 

a25 

109 

133 

114 

105 

US 

2 

m 

8 

a  143 

4 

150 

6 

149 

6 

151 

t     .............. 

166 

8 

9 

179 
155 

10 

a  168 

11 

181 

12 

211 

13 

329 

14 

805 

15 

9ao 

16 

374 

17 

aa56 

18 

466 

19 

706 

20 

588 

21 

298 

22 

304 

23 

254 

24 

a2lX) 

25 

13» 

28 

238 

27 

261 

28 

201 

29 

30 

31 

249 

244 

a240 

Mean 

89:} 

921 

245 

161 

95 

281 

a  Sunday. 
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DaUy  dis^arge^  in  atcond-feet,  of  Chittenango  Creek  at  Bridgeport  ^  New  Yorkj 

for  1900. 


D»y 


Jan. 


1 
2 

i 

4 
5 
6 

m 

i  . 

8 

9 
10 
11 
12 
13 
It 
15 
16 
IT 
LS 
19 
30 

a 

23 
24 

27 

S& 
39 
3) 
31 


161 
247 


3S3 
318 
879 
a275 
974 

807 

307 

802 

373 

a275 

373 

422 

504 

599 

971 

1,540 

al,485 

1,445 

1.195 

1,074 

422 

429 

764 

a790 

522 

372 

372 


Feb. 


467 

581 

561 

afiOS 

580 

S07 

502 

1.487 

960 

1,313 

a  1,115 

771 

1,187 

1,700 

1,445 

1.188 

985 

"!P 

189 
242 
987 
992 
1.005 
a790 
706 
501 
591 


Mar. 


m 

671 
005 

a506 
792 
776 


Apr.   !  May. 


Mean 


561 


785 


501 

588 

511 

a425 

463 

441 

383 

867 

383 

875 

a  355 

608 

588 

608 

788 

782 

1.0U8 

a  1,115 

788 

707 

982 

1,090 

1,221 

1,351 


a  1,280 

1,894 

1,447 

1.447 

1,842 

1,327 

1,818 

al.865 

1,433 

1.255 

1,072 

858 

667 

675 

0505 

544 

667 

620 

1,708 

801 

880 

a785 

860 

770 

577 

486 

355 

268 

a  275 

370 


Jane.  July. 


697 


911 


280 
968 
245 
245 
237 

a215 
205 
287 
295 
245 
237 
218 

a  165 
247 
269 
283 
268 
280 
237 

a  215 

222 

106 

171 

186 

118 

98 

a40 

150 

92 

117 

90 


207 


106 

80  I 
a70  , 
184 
125 
132  ' 
117  1 

88  I 
106 
a70 
116  i 
108  ' 

67 

96 

95 

95 

a70 

117 

73 
107 

92 

09 

78 

a4S 

116 

81 

73 

78 
133 

71 


98 


a38 

91 

99 

33 

82 

153 

182 

a  180 

156 

77 

88 

68 

66 

a80 

42 

96 

160 

186 

IGl 

186 

184 

a  105 

129 

100 

101 

252 

172 

117 

a  105 

124 

133 


Ang. 


110 


107 

108 

68 

80 

a38 

108 
40 
40 
40 
78 
65 
a87 
38 

120 
80 
92 
88 
96 
a53 
63 
88 
66 

124 
44 
92 
a38 
75 
95 
86 
70 
66 


73 


Sept. 


91 

a58 
75 
79 
65 
67 
55 
83 

a33 
87 
60 
72 
87 
57 
65 

a  15 
70 
62 
53 
111 
70 
117 

a63 
79 
62 
84 
99 
117 
108 

a33 


68 


67 

108 

67 

75 

75 

91 

a88 

100 

102 

114 

115 

186 

72 

a42 

98 

94 

89 

63 

77 

57 

a42 

66 

58 

100 

96 

94 

75 

a38 

76 

90 

65 


81 


108 

100 

82 

aS4 

67 

70 

73 

105 

180 

86 

a34 

102 

87 

106 

98 

106 

105 

a45 

153 

169 

136 

139 

111 

113 

a45 

1,255 

1,953 

1,885 

1,272 

1,105 


327 


a608 
855 

366 

288 

1.880 

1.150 
al,085 
600 
400 
830 
335 
480 
466 

a452 
425 
497 
538 
421 
423 
431 

a358 
378 
844 

1,231 
462 
606 
618 

a442 
275 
347 


562 


u  Sunday. 


ONEIDA   CREEK   AT  KENWOOD,    NEW   YORK. 

A  description  of  this  station,  which  is  located  at  the  silk-mill  dam 
in  Kenwood,  will  be  found  in  Water-Supply  Paper  No.  36,  page  186. 
There  is  no  leakage  of  the  dam,  and  only  a  slight  leakage  of  the  flume 
and  head  gates,  which  has  been  taken  at  2  second-feet.  The  flow 
over  a  wasteway  near  the  mill  is  computed  by  means  of  Francis's 
formula.  A  second  spillway  in  the  canal  bank  near  the  dam  has  a 
broad,  irregular  crest,  over  which  water  sometimes  flows.  A  dis- 
charge curve  for  this  spillway  has  been  prepared,  using  coefficients 
from  the  Cornell  experiments  for  dam  with  a  broad,  flat  crest.* 

Current-mieter  measurements  were  made  to  check  the  calculated 
flow  at  Kenwood,  with  the  following  results: 

Jtme  1,  1900;  Second-feet. 

Total  flow  at  Oneida  Castle 36.6 

Flow  over  dam,  crest  gage  reading  0.15  foot 19 

Flow  throngh  turbine.  1 1.75  feet  head,  one-third  gate 15 

Flow  over  wasteway  near  mill 1 

Assumed  leakage 2 


Total  flow  (computed) 

September  17, 1900: 

Total  flow  measured  in  headrace 

Flow  through  turbine,  one-third  gate 15 

Assumed  leakage 2 


37.0 
20.0 


Total  flow  (computed) 


17.0 


1  See  Proc.  Am.  Soc.  C.  E.,  March,  19U0.  p.  S8& 
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At  Oneida  is  a  State  dam  diverting  water  for  the  supplj'  of  the  sum- 
mit level  of  Erie  Canal.  No  measurements  of  diversion  to  the  feeder 
have  been  made.  Practically  the  entire  flow  of  Oneida  Creek,  less 
leakage  of  the  dam,  is  taken  for  this  purpose  during  the  low-water 
season. 

Additional  information  in  regard  to  this  creek  will  l>e  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled 
'*  Methods  emploj'^ed  in  the  gaging  of  New  York  streams  during  the 
year  1900." 

Daily  discharge j  in  second-feet,  of  Oneida  Creek  at  Kenwood,  New  York,  for  isys, 

[Draina^  area,  59  square  miles.] 


Day. 

Oct.  1 

1 

k 

2 

(a) 

3 

4 

6 

112 
58 
60 
58 
a45 
28 
23 
30 
27 
51 

110 
a  100 

102 

6 

7 

8 

9 

10 

n 

12 

13...- 

U 

15 

16 

17 

Nov. 

Dec. 

90 

70 

72 

68 

70 

80 

65 

a  76 

60 

82 

a58 

65 

60 

60 

58 

55 

51 

45 

265 

50 

274 

a  50 

172 

50 

a  140 

4o 

119 

50 

123 

55 

106 

101 

106 

108 

Day. 


18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

Mean 


Ocfc 

Nov. 

75 

102 

75 

115 

75 

al:;i 

70 

123 

110 

109 

a  100 

123 

100 

100 

75 

86 

120 

93 

180 

a77 

129 

61 

133 

76 

a  100 

64 

lui 



S3 

H55 

Dec. 


40 

60 

205 

170 

240 

ir3 

a  136 

100 

80 

50 

70 

101 

lUl 

»J 


a  Sunday. 
Daily  discharge,  in  second-feet,  of  Oneida  Creek  at  Kenwood,  New  York,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Oct. 

Nov. 

Dec. 

1 

a  76 

96 

108 

210 

300 

160 

143 

a  114 

95 

80 

138 

180 

295 

273 

a225 

183 

135 

101 

75 

65 

67 

a57 

65 

75 

85 

60 

55 

42 

a43 

51 

75 

50 
65 
80 
72 

a50 
50 
50 
50 
35 
37 
100 

a74 
66 
37 
47 
42 
39 
41 

a40 

52 

160 

865 

147 

99 

a  161 

232 

122 

115 

96 

115 

112 

a  157 

22 

203 

168 

128 

75 

90 

a  149 
235 
157 
123 
140 
144 
133 

ol57 
198 
135 
157 
254 
183 
190 

ol70 
157 
123 
230 
183 
165 

122 

a  115 

116 

96 

122 

131 

166 

884 

a260 

214 

196 

496 

416 

406 

341 

a280 

196 

166 

166 

144 

136 

110 

a  102 

96 

91 

110 

110 

91 

86 

a93 

71 
60 
60 
59 
54 
55 
a48 
53 
63 

®. 
54' 

69 

60 

a48 
63 
60 
61 
68 
66 
91 

a80 
82 
63 
54 
66 
43 
48 

a71 

106 
76 
50 

46 
86 
86 

a85 
81 
81 
31 
24 
24 
24 

a25 
26 
26 
26 
51 
41 
86 

a30 
26 
81 
26 
26 
31 
81 

a31 
31 
31 
24 
24 
21 

18 

a20 
20 
20 
80 
84 
21 
41 

a40 
51 
26 
24 
24 
24 
21 

a20 
31 
28 
26 
26 
24 
26 

a25 
26 
21 
21 
20 
21 
18 

a20 
21 

a  15 
21 
21 
21 
21 
21 
24 

a  18 
24 
24 
21 
24 
24 
24 

a  19 
25 
25 
25 
24 
24 
25 

a'& 

25 
24 
25 
24 
25 
a  26 
29 
31 

144 
69 
66 
66 

a55 
44 
40 
26 
26 
24 
26 

a27 
28 
26 
22 
2t( 
26 
22 

a25 
28 
24 
26 
24 
26 
24 

26 
20 
26 
26 

S3 

2 

20 

8 

a2& 

4 

27 

5 

6 

29 
29 

7 

25 

8 

9 

33 
41 

10 

a25 

11 

97 

12 

70 

13 

70 

14 

91 

15 

82 

16 

73 

17 

a30 

18 

30 

19 

97 

20 

21 

79 
02 

22 

80 

23 

68 

24 

a55 

25 

TO 

26 

36 

27 

28 

29 

39 
27 
34 

80 

27 

81 

a34 

Mean 

117 

93 

157 

183 

62 

80 

25 

23 

33 

60 

a  Sunday. 
Note.— No  record  for  Angast  and  September. 
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Daily  disc?iarge,  in  secondrfeet,  of  Oneida  Creek  at  Kenwood,  New  York,  for  1900, 


DAT. 

Jail. 

Mar. 

Apr. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

98 
194 

99 
(a) 
135 
191 
228 
140 
150 
199 
(a) 

08 
124 
100 

67 

52 

62 
a48 
148 
394 
262 
259 
259 
102 
(a) 

82 
154 
128 
128 
128 
118 

(0) 
290 
208 
154 
149 
313 
382 

(a) 
220 
200 
196 
212 
201 
204 

(a) 
1?2 
218 
302 
268 
224 
177 

(a) 
234 
160 
134 
102 
85 
88 

(a) 
61 

19 
18 

(a) 
23 
20 
17 
23 

.  43 
52 

(a) 
30 
23 
17 
17 
17 
27 

'% 

19 
17 
17 
14 
14 

19 
16 
19 
14 
19 
26 

(a) 
29 
25 

22' 

25 
32 

(a) 
42 
31 
24 
22 
22 
25 

(a) 
81 
54 
46 
38 
34 
40 

(a) 
84 
28 
27 
80 
56 
36 

(a) 
31 
28 

27 
22 
16 
16 
(a) 
16 
13 
15 
14 

26* 

15 
16 
18 
20 
32 

""xr 

14 
14 
13 
13 
32 
(a) 
26 
31 
28 
20 
19 

15 

15 
15 
16 
19 
14 
(a) 
15 
15 
15 
15 
14 
14 

% 

15 
15 
13 
19 
19 

% 

17 
15 
17 
17 
15 
all 
17 

17 
17 
14 
14 
17 
17 

35 
18 
17 
17 
19 

a  13 
25 
23 
25 
19 
19 
19 

a  17 
17 
17 
23 
25 
19 
17 
(a) 
19 
19 
23 

26 

26 

16 

a  16 

16 

18 

16 

40 

82 

37 

a  35 

38 

26 

22 

22 

19 

22 

adO 

37 

50 

60 

60 

46 

43 

a337 

698 

358 

282 

225 

168 

71 

2;. 

3 

29 
26 
34 
29 
40 

(a) 
86 
54 
51 
47 
60 
47 

(a) 

45 

104 

81 

76 

364 

804 

(a) 
196 
80 
209 
161 
101 

a63 
56 

4 

126 

5 

.    196 

6 

100 

1  .... ... .... .... 

160 

8 

138 

9 

a  149 

10 

160 

11 

138 

12 

106 

13 

106 

14 

88 

15 

88 

16 

17 

al28 
158 

18 

160 

19 

138 

20 

138 

21 

108 

22 

88 

2J 

a  162 

34 

237 

25 

176 

38 

2: 

132 
126 

28 

aao 

46 
46 
47 

108 

29 

96 

30 

a  97 

31 

96 

Mean 

92 

148 

196 

21 

88 

19 

16 

19 

91 

127 

a  Sunday. 
Note.— No  record  for  February  and  May. 


WEST  BRANCH  OP  FISH  CREEK  AT  McCONNBLLSVILLE,   NEW  YORK. 

This  Station  is  described  in  Wat«r-Supply  Paper  No.  36,  page  186. 
During  the  summer  the  flashboards  are  on  the  dam,  and  Francis's 
formula  is  used  in  computing  the  flow.  At  other  times  a  discharge 
curve  derived  from  Cornell  experiments  is  used.  Three  water  wheels 
are  in  use.  Two  are  54-inch  wheels  built  by  the  Camden  Water 
Wheel  Works,  and  are  usually  run  ten  hours  a  day,  at  a  nearly  con- 
stant gate  opening. 

Current-meter  measurements  of  the  discharge  of  one  of  these  wheels 
under  light  and  heavy  load  gave  the  following  results: 

June  2,  1900,  discharge,  43.2  second-feet. 
September  6, 1900,  discharge,  51.8  second-feet. 

Ten  dams  located  on  this  stream  furnish  power  to  17  mills. 

Additional  information  in  regard  to  this  creek  will  be  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled 
"Methods  employed  in  the  gaging  of  New  York  streams  during  the 
year  1900." 
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DaUy  discharge,  in  aecondrfeet,  of  West  Branch  of  Fish  Creek  at  McConneUsviU^^ 

New  York,  for  2898, 

[Drainage  area,  187  square  mileii.] 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 


Day. 


iSept.  Oct 


100 
90 
96 
47 
47 


137 

aSO 

111 

121 

ISO 

137 

181 

122 

a65 

1U2 

81 

87 

124 

184 

897 

a  860 

562 


305 
319 
292 
172 
155 

al20 
146 
138 
135 
557 

1,562 
997 

o700 
784 
434 
514 
365 


1 

Dec.  1 

'              D«y.             1 

Sept.  Oct. 

1 
Nov. 

• 

365 
865 

o370 
371 
230 
216 
300 
329 
319 

a255 
299 
251 
172 

Dec 

237 

18 

aSO 
98 

846 
227 

also 

245 

19 

1»7 

217 

30 

81  ;    190 
67  '    172 
55      467 

157 

al95  : 

1  21 

1UI> 

182 

23 

287 

182 

23 

67 

a  700 

317 

196 

24 

332 

a360 

197 

750 
624 
484 

4tS.S 

182 
199 

J» 

28 

3cn5 

180 

27 

231   1,097 
181      871 
181       686 
147  !a440 

:><.5 

a  140 

28 

2^'t 

199  ' 

29 

170 

186 

30 

12D 

212 

;  31 

464 

l^U 

1«2 

Mean 

134 

157 

333 

384 

210 

147 

a  Sunday. 

Daily  discharge,  in  second-feet,  of  West  Branch  of  Fish  Creek  at  AfcConneUsvill^y 

New  York,  for  1899, 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


a  130 
126 
194 
261 
821 


Jan.  '  Feb.  Mar.  Apr 


396 
a285 
325 
422 
602 
587 
878 
873 
a795 
787 
785 


I 


228 
183 
188 
172 
al20 
212 
156 
156 
147 
136 
117 
a80 

99 
132 

94 
131 
148 


402 

402 

488 

595 

oTOO 

966 

866 

700 

866 

583 

546 

a7U0 

1.178 

1,178 

1,178 

972 

782 


Apr. 

1 
May.  1 

586 

273 

a520 

313 

601 

243 

601 

184 

601 

184 

691 

184 

689 

al20 

1,567 

183 

02,110 

164 

1,690 

154 

1,7»4 

183 

2,055 

248 

2«440 

194 

2,920 

a  130 

3,040 

189 

02,410 

189 

1,730 

189 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

18 

615 

133 

567 
o485 
605 
483 
442 
448 
442 
442 

1,6U 
1.434 
1,174 
1.085 
1.045 
u940 
664 
564 

l^W 

19 

616  a  120 
680      183 
496      198 
0300  1    258 
314      338 
425      438 
350      «» 
825  0360 

374 

30 

21 

28 

23 

24 

374 
o2.V» 

244 

1U4 

26 

189 

26 

0  860      470 

174 

27 

28 

29 

308 
0225 

278 
278 

436 

408 
403 

552 
699 
699 
599 
699 

366 

366 

864 

o220 

134 

a50 

7U0 

8U 

4.55 

31... 

483 

Mean.  

306 

648 

1,306 

239 

a  Sunday. 


NEW    YORK, 


229 


Daily  discharge,  in  secondrfeet,  of  West  Branch  of  Fish  Creek  at  McCannellsrjille^ 

New  York,  for  1900. 


I 

•9 


3. 
I. 
5. 

<  . 

Ki 

11 

Uf 

1-V 

14 

lo 

1< 


*4 


Si 
11 


M«in 


May. 


278 
»5 

248 

213 

a205 

225 

165 

185 

185 

185 

172 

a  105 

148 

140 

135 

125 

120 

106 

a  75 

104 

104 

96 

96 

86 

86 

a38 

82 

n 

52 

88 

143 


96 

78 

a28 
70 
58 
70 
70 
88 
90 

a52 
78 
70 
60 
68 
78 
86 

o52 
TZ 
58 
78 
70 
70 
68 

a28 
70 
70 
70 
70 
70 
08 


68 


I      I 
Jnly.  Aug.  ,  Sept. 


a52 

78 
78 
52 
52 
96 
80 

a  52 
78 
78 
78 
70 
70 
60 

a  10 
60 
60 
70 
60 
60 
60 

a  10 
60 
50 
64 
60 
76 
26 

a36 
60 
60 


60 


a  Sunday. 


60 
60 
00 
58 

a  10 
60 
SO 
50 
50 
58 
50 

adO 
56 

160 
98 
61 
64 
48 

a  19 
30 
50 
50 
60 

w  m 

no 
30 

a  19 
60 

134 
76 
50 
50 

57 


48 

a  10 
20 
50 
50 
60 
60 
28 

a  10 
50 
50 
60 
60 
60 
58 

a  10 

60 

60 

55 

55 

196 

239 

a  128 

87 

87 

66 

66 

66 

50 

a58 


65 


Oct.  '  Nov.   Dec. 


54 

49 

66 

66 

64 

a34 

39 

39 

50 

55 

54 

64 

a3B 

71 

76 

76 

46 

86 

71 

a60 

106 

116 

218 

148 

134 

140 

al28 

150 

150 

206 


88 


157 
144 
183 
93 
132 
104 
143 
217 
180 
163 
110 
107 
107 
132 
112 
101 
86 
78 
144 
207 
224 
239 
2^6 
231 
196 
330 
355 
22;^ 
187 
179 


168 


160 
117 
144 
122 
257 
201 
lb9 

\m 

117 

118 

133 

127 

127 

137 

97 

82 

121 

112 

95 

58 

50 

28 

31 

81 

ai 

31 
51 
51 
31 
31 
58 

99 


OSWEGO   RIVER  ABOVE  MINETTO,  NEW   YORK. 


Oswego  River  is  formed  by  the  junction  of  Oneida  and  Seneca  riv- 
ers at  Three  River  Point.  It  has  extensive  natural  storage  in  Oneida 
Lake,  which  covers  an  area  of  80  square  miles,  and  in  the  Finger 
Lakes  of  central  New  York,  which  it  drains.  Certain  tributary  lakes 
serve  also  as  reservoirs  for  the  water  supply  of  the  middle  division  of 
Erie  Canal,  and  a  portion  of  the  flow  is  diverted  for  this  purpose. 

Oswego  River  has  be^n  canalized  by  the  construction  of  dams, 
affording  slack-water  navigation  on  a  part  of  the  stream.  In  all 
there  are  7  dams  on  the  river.  Surplus  water  at  the  State  dams  sup- 
pUes  power  to  numerous  mills  situated  on  the  adjacent  banks.  Lat- 
eral canals  and  locks  carry  boats  around  the  dams  and  connect  with 
backwater  from  the  next  succeeding  dam  in  each  instance. 

In  establishing  a  gaging  station  it  was  impossible  to  measure  the 
entire  stream  in  a  single  channel,  since,  in  order  to  avoid  slack  water 
from  dams,  it  was  necessary  to  select  a  site  where  the  river  is  paral- 
leled by  the  canal.  A  cable  station  was  established  September  14, 
1900,  3  miles  above  Minetto,  and  below  the  State  dam  at  Battle  Island. 
A  gage  board  was  placed  one- fourth  mile  upstream  from  the  cable.     A 
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weight  gage  is  used,  being  suspended  from  a  framework  projecting 
over  the  water  beyond  the  low-water  margin.  The  position  of  the 
weight  when  the  gage  reads  zero  has  been  determined  with  reference 
to  a  fixed  bench  mark.  The  gage  is  so  arranged  that  the  readings 
are  reversed,  thus,  8.00  would  be  extreme  low  water,  and  when  the 
water  rises  the  readings  are  less.  Morning  and  evening  readings  are 
taken,  usually  twelve  hours  apart,  and  the  average  of  the  two  read- 
ings is  given  in  the  table. 

A  current-meter  measurement  was  made  at  the  cable  station  on 
September  15.  The  mean  gage  height  during  the  measurement  was 
5.4  feet,  and  the  discharge  1,677  second-feet.  This  does  not  include 
the  diversion  through  Oswego  Canal.  The  lowest  water  on  this  stream 
usually  occurs  Sundays,  due  to  the  stopping  of  water  wheels  and  the 
consequent  refilling  of  ponds. 

In  this  connection  reference  may  be  made  to  the  gaging  recoi*d 
which  was  maintained  bj'^  the  United  States  Board  of  Engineers  on 
Deep  AVaterways  on  Oswego  River  at  the  Oswego  Falls  dam  from 
November,  1898,  to  May,  1899,  inclusive.  A  description  of  this  sta- 
tion will  be  found  in  Water-Supply  Paper  No.  36,  page  188. 

The  drainage  areas  tributarj'  to  Oswego  River  at  the  different  gag- 
ing stations  are  as  follows: 

DraincLye  areas  of  Oswego  River, 

Sqaare  miles. 

Atmouth 5,003 

At  high  dam  near  Oswego 5,000 

At  cable  station 4, 990 

At  Fulton..  4,916 

Additional  information  in  regard  to  this  river  will  be  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  "Meth- 
ods employed  in  the  gaging  of  New  York  streams  during  the  year 

1900." 

Daily  gage  height,  in  feet,  of  Oswego  River  above  Minetto,  New  York^  for  1900, 


Day. 

S«pt. 

Oct. 

Nov.    Dec.                   Day. 

Sept. 

Oct. 

Nov. 

Dec 

1 

5.66 
5.66 
5.58 
6.55 
5.55 
5.65 
8.15 
6.05 
5.30 
5.65 
5.35 
6.20 
5.15 
5.60 
5.52 
5.30 

4.90 
4.90 
5.75 
5.76 
5.00 
4.75 
4.66 

0.70      17 

6.20 
5.65 
5.82 
5.60 
5.52 
5.55 
5.28 
5.60 
6.10 
5.80 
5.65 
5.73 
6.70 
5.75 

5.08 
5.16 
6.18 
4.70 
6.15 
5.40 
4.86 
6.65 
5.65 
5.50 
6.50 
6.46 
5.06 
4.96 
4.80 

4.65 
5.70 
4.75 
4.25 
4.25 
(a) 

{"^ 
(a) 

(a) 

63.05 

2.26 

1.60 

1.15 

.60 

cU.d5 

2    

.85   1  18 

c  .70 

3    

.50  1  19 •.. 

c  .50 

4     

.50     20 

c  .45 

5 

c  .65   1  21 

c  .40 

6 

rl.50  128 

c   .45 

7 

cl.50  '23 

c  .:i5 

8 

4.70 
4.80 
4.90 
5.50 

cl.50  ,34 

c  .40 

9 

cl.35  '35 

c  .L5 

10 

cl.l5     28 

c  .35 

11 

cl.06  i   27 

.10 

12 

4.50 
4.60 
4.55 
4.55 
4.(30 

c  .85     28 

.40 

13 

5.70 
6.60 

c  .85     29  

..% 

14 

c  .50     30 

.65 

15 

c  .30     31 

.80 

Id 

c  .30 

■ 

a  No  record. 


b  New  weigriit  grage. 


c  Used  board  gage. 
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OSWEGO  RIVER  AT  HIGH  DAM  NEAR  OSWEGO,  NEW  YORK. 

A  description  of  this  station,  with  tables  of  daily  gage  heights,  will 
be  found  in  Water-Supply  Paper  No.  36,  page  189.  The  dam  is  of 
masonry,  with  a  crest  365.5  feet  long.  Flashboards  are  maintained 
on  the  dam  during  the  greater  part  of  the  year.  When  flashboards 
are  on,  the  flow  over  the  dam  has  been  computed  by  means  of  Francis's 
formula,  with  a  constant  coefficient  of  3.33.  In  estimating  the  flow 
over  the  dam  when  flashboards  are  removed  a  discharge  curve  has 
been  prepared,  using  coefficients  in  the  weir  formula  derived  from 
Cornell  University  experiment  No.  3,*  and  taking  into  consideration 
irregularities  in  the  profile  of  the  crest. 

A  headrace  at  the  left  end  of  the  dam  diverts  water  to  supplj' 
power  to  an  electric-light  plant  and  to  the  waterworks  pumping  station. 
There  are  8  water  wheels  in  use.  A  regular  record  of  the  run  of  the 
water  wheels  has  not  been  kept,  and  the  diversion  for  this  purpose 
has  been  estimated  from  current-meter  measurements  in  the  headrace. 

Potoer  diversions  at  high  dam  near  Oswego, 


Date. 

Working     Meas- 
head  on  ,ured  din- 
wheels.  :  charge. 

Jane  12 

1900. 

Feet.      Sec-feet. 
18               333 

September  15 - 

14               8S2 

Three  pairs  of  water  wheels,  which  were  in  operation  when  the  fore- 
going measurements  were  made,  are  run  twenty-four  hours  a  day. 
Taking  the  average  of  the  foregoing  measurements  and  adding  lOo 
seeond-f eet  for  the  additional  pair  of  wheels,  the  diversion  for  water 
power  has  been  estimated  at  450  second-feet,  as  a  round  figure. 

The  flow  from  an  auxiliary  spillway  in  the  end  of  the  headrace  has 
been  calculat'Cd  from  the  weir  formula,  using  coefficients  derived  by 
Bazin  for  a  dam  having  a  similar  crest  section. 

Some  uncei'tainty  attaches  to  the  record  at  this  station  during  the 
spring  months,  owing  to  the  carrying  away  of  the  flashboards  by  high 
water  at  dates  not  definitely  ascertained. 

In  the  accompanying  tables  of  monthly  and  daily  mean  flow  no 
allowance  has  been  made  for  diversion  to  Oswego  Canal. 

Additional  information  will  be  found  in  Water-Supply  Paper  No. 
47,  pages  37  to  41,  in  a  paper  entitled  **  Methods  employed  in  the 
gaging  of  New  York  streams  during  the  year  1900." 

1  See  Proc.  Am.  Soc.  C.  E.,  March,  190U,  p.  S74. 
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SALMON  RIVER  ABOVE  PULASKI,   NEW  YORK. 

A  current-meter  station  was  established  on  this  stream  September  5, 
1900.  It  is  located  at  a  highway  bridge  2  miles  from  the  village 
of  Pulaski.  The  stream  bed  is  of  gravel,  the  banks  are  bold,  and  the 
channel  bottom  is  nearly  flat.  The  gage  board  is  attached  to  the  cen- 
ter pier  of  the  bridge,  and  readings  are  taken  twice  daily,  at  6  a.  m. 
and  at  7  p.  m.  The  mean  of  the  two  observations  for  each  day  is 
given  in  the  table.  A  current-meter  measurement  made  on  Septem- 
ber 4  showed  a  discharge  of  103  second-feet.  The  mean  gage  reading 
during  the  measui'ement  was  1.03  feet.  There*are  3  dams  at  Pulaski, 
furnishing  power  to  14  establishments.  The  total  effective  head 
obtained  varies,  with  the  stage  of  the  stream,  from  24  feet  to  36  feet. 

Thei-e  is  an  undeveloped  power,  with  a  precipitous  fall  of  110  feet, 
at  Salmon  Falls.  In  November,  1898,  a  gaging  station  was  estab- 
lished by  the  United  States  Board  of  Engineers  on  Deep  Waterways 
1  mile  above  these  falls,  but  it  was  abandoned  in  June,  1899.  A 
description  of  the  station  will  be  found  in  Water-Supply  Paper  No. 
36,  page  190.  The  drainage  above  the  abandoned  gaging  station  is 
191  square  miles,  while  that  above  the  bridge  station  near  Pulaski  is 
264  square  miles. 

Additional  information  regarding  this  river  will  be  found  in  Water- 
Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  "Methods 
employed  in  the  gaging  of  New  York  streams  during  the  year  190C).*' 

Daily  gage  height,  in  feet,  of  Salmon  River  above  Pulaski,  New  York ,  for  1900. 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

1.00 
1.00 
1.00 
1.00 
2.15 
2.25 
1.75 
1.65 
1.56 
1.35 

Oct. 

Nov. 

Dec. 

1 

1.60 
1.50 
1.35 
1.26 
1.20 
1.05 
1.10 
1.36 

1.20 
1.20 
1.85 
1.80 
1.76 
1.90 
1.90 
2.76 
2.56 
2.26 
1.90 
1.90 
1.80 
1.80 
1.70 
1.50 

2.50 
2.30 
2.20 
2.50 
2.75 
2.46 
2.30 
2.15 
1.66 
1.50 
1.50 
1.40 
1.40 
1.40 
1.85 

i.do 

17 

1.40 
1.40 
1.85 
1.85 
1.80 
1.25 
1.25 
1.45 
2.00 
1.05 

1.50 
1.70 
2.55 
4.  SO 
4.30 
3.65 
8.10 
2.45 
2.50 
3.50 
4.70 
3.75 
3.35 
2.55 

1.30 

2 

18 

1.30 

3 

19 

1.60 

4 

20 

1.95 

5 : 

1.00 
1.00 
1.00 
1.00 

21 

1.40 

6 

22 

1.45 

7 

28 

1.60 

8 

24 

2.35 

9 

1.00  1.85 

26 

2.50 

10 

l.OD 
.90 
.90 
.90 
.90 

1.80 
1.60 
1.50 
1.40 
1.40 

26 

2.40 

11 

27.:::::::::::::;:::::::: 

1.25  1.85 

2.20 

12 

28 

1.25 
1.25 
1.45 

1.86 
1.70 
1.76 
1.75 

2.20 

13 

,  29 

2.10 

U 

30 :.*:::...: 

2.20 

15 

.95  1.30 
1.00  1  1.40 

31 

2.30 

16 

1 

MOOSE   RIVER  AT  MOOSE   RIVER,    NEW   YORK- 

On  June  5,  1900,  a  gaging  station  was  established  on  this  stream  at 
Moose  River,  4  miles  below  the  McKeever  railroad  station.  The  sec- 
tion of  the  channel  chosen  to  be  spanned  by  a  cableway  has  a  width 
of  225  feet,  with  a  nearly  flat  gravel  bottom.  A  vertical  gage  board 
was  attached  to  a  pile  driven  out  in  the  stream  beyond  the  low-water 
margin  and  protected  from  ice  and  logs  by  a  floating  boom  anchored 
upstream. 

Moose  River  is  characterized  throughout  its  entire  course  by  rifts 
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and  rapids.  Topographically  the  watershed  is  rocky,  precipitous, 
and  mostly  timbered.  The  drainage  area  above  the  gaging  station  is 
346  square  miles.  An  area  of  41  square  miles  in  the  headwaters  is 
subject  to  regulation  by  storage,  controlled  by  a  State  dam  at  Old 
Forge,  at  the  foot  of  the  Fulton  Lakes.  There  are  numerous  unde- 
veloped water  powers  on  the  stream,  including  two  falls  near  Lyons- 
dale,  where  a  head  of  30  or  more  feet  might  be  obtained,  and  another 
(Millers  Falls)  of  nearly  equal  height  below  the  town  of  Moose  River. 
Water  power  is  developed  at  8  dams,  a  total  fall  of  225  feet  being 
utilized,  the  aggregate  capacity  of  the  turbines  installed  being  more 
than  7,000  horsepower. 

No  current-meter  measurements  have  thus  far  been  made.  Gage 
readings  are  taken  twice  daih'',  morning  and  evening,  and  the  mean 
of  the  tw^o  readings  for  each  day  is  given  in  the  accompanying  table. 

Additional  information  in  regard  to  this  river  will  be  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  pai)er  entitled  * '  Methods 
employed  in  the  gaging  of  New  York  streams  during  the  year  1900." 

Daily  gage  height ,  in  feet,  of  Moose  River  at  Moose  River,  New  York,  for  190u. 


Day.        June.  July.,  Aug.  Sept.  Oct.    Nov.         Day.        Jane.  July.  Aug. 


1.. 

3.. 
4.. 
O.. 

6.. 

8.. 

9.. 
10,. 
11-. 
12.. 
13.. 
14.. 
Id.. 
16., 


2.00 
1.55 
1.25 
1.20 
1.65 
1.55 
1.40 
1.20 
1.06 
1.05 
.82 
1.05 


0.50 
.60 
.25 
.35 
.30 
.85 
.70 
.85 
.75 
.70 
.55 
.90 
.90 
.80 
.75 
.70 


0 


85 
.70 
.70 
.60 
.50 
.55 
.60 
.55 
.55 
.60 
.70 
.65 
.80 
.80 
.75 
.25 


0.90 
.80 
.65 
.55 
.60 
.55 
.55 
.60 
.65  1 
.70  I 
.55  ; 
.55  ! 
.55 
.50 
.40 
.70 


0.70 
.75 
.80 
.70 
.60 
.60 
.60 
.65 
.60 
.60 
.65 
.55 
.45 
.45 
.70 
I    .85 


I 


1.15 

1.20 

1.05 

.95 

.86 

1.10 

1.10 

2.25 

3.10 

2.50 

1.75 

1.15 

.95 

.90 

1.25 

1.76 


17 

0.92 

18 

.65 

19 

.60 

20 :... 

.80 

21 

.95 

22 

.90 

23.....:::.. 

.80 

24 

.70 

25 

.80 

28 

.60 

;  27 

.40 

28 

.3r) 

29 

.50 

,  30 

.55 

31 

0.80 

.75 

.85 

.90 

.80 

.65 

.55 

.60 

.85 

3.05 

1.85 

1.20 

.90 

.75 

.70 


1.20 
1.00 
.85 
.60 
.60 
.60 
.50 
.45 
.55 
65 
75 
00 


1. 
2. 


1.35 

1.40 

.95 


0.70 
.65 
.60 
.55 
.80 
1.21) 
1,55 

i.ao 

1.05 
.90 
.90 
.85 
.70 
.80 


Oct.   Nov. 


0.75 
.60 
.ft5 
.75 
.75 
,70 
.70 

i.ao 

2,00 
1.65 
1.30 
1.30 
1.25 
1.25 
1.30 


2.05 
2.30 
1.70 
3  95 
4.45 
1. 10 
3.70 
3.35 
3.20 
8.05 
3.65 
3.75 
3.55 
3.20 


BEAVER  RIVER,  NEW   YORK. 

Beaver  River  rises  in  the  western  part  of  Hamilton  Countj^,  crosses 
Herkimer  County,  and  emerges  from  the  Adirondack s  at  the  town  of 
Number  Four,  on  the  Lewis  Countv  line.  The  flow  from  the  tribu- 
tary  watershed  above  Beaver,  comprising  an  area  of  153  square  miles, 
or  47.5  per  cent  of  the  entire  drainage  area,  is  regulated  by  storage 
in  the  Beaver  Flow  or  Stillwater,  an  artificial  lake  formed  by  a  timber 
dam  16  feet  high.  In  addition  to  the  reservoir  formed  by  the  State 
dam  at  Beaver,  there  are  within  this  region  more  than  50  natural 
lakes,  including  Red  Horse  Chain,  so  that  a  comparatively  uniform 
flow  is  maintained  throughout  the  summer  season. 

An  examination  of  Beaver  River  with  reference  to  facilities  for  gag- 
ing was  made  early  in  July,  1900.  The  almost  continuous  rapids  in 
the  upper  reaches  of  the  stream  limit  the  desirable  sites  for  gaging 
stations  to  the  stream  channel  below  Beaver  Falls,  4  miles  from  its 
confluence   with   Black   River  at   Castorland.     Arrangements   were 
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made  for  the  establishment  of  a  cable  station,  but  owing  to  the  pres- 
ence of  log  rafts  in  the  stream  during  the  greater  portion  of  the 
summer  the  record  has  not  yet  been  started. 

From  the  State  dam  at  Beaver  to  the  town  of  Number  Four,  a  dis- 
tance of  10  miles,  the  stream  consists  of  numerous  bowlder  rapids, 
alternating  with  short  stretches  of  smooth  water.  Above  Beaver 
Lake  there  is  a  high  fall,  forming  a  descent  of  60  feet  within  a  dis- 
tance of  400  or  500  feet.  From  the  foot  of  Beaver  Lake  to  Belfort,  a 
distance  of  12  miles,  the  stream  channel  continues  rocky  and  pre- 
cipitous, although  the  adjacent  watershed  is  sandy  and  for  the  most 
part  covered  with  timber.  Eagle  Falls,  2  miles  below  Beaver  Lake, 
consists  of  a  series  of  cascades,  aggregating  a  descent  of  75  feet. 
There  are  a  number  of  other  undeveloped  water  powers  in  this 
vicinity. 

Water  power  is  developed  at  Beaver  Falls,  at  Croghan,  and  at 
Belfort,  aggregating  4,400  horsepower,  at  five  dams,  and  utilizing  a 
fall  of  133  feet.  There  is  also  an  abandoned  power  at  Tisses  FalLs, 
below  Belfort,  where  a  total  head  of  60  feet  could  be  obtained.  Power 
is  developed  at  Belfort,  under  a  head  of  50  feet,  for  the  generation  of 
electricity  which  is  transmitted  to  adjacent  towns,  a  distance  of  16 
miles. 

Rainfall  and  other  meteorological  records  have  been  kept  since 
January,  1889,  at  Number  Four,  in  the  heart  of  the  timber-covered 
portion  of  the  watershed. 

Additional  information  regarding  this  river  will  be  found  in  Water- 
Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  ''Methods 
employed  in  the  gaging  of  New  York  streams  during  the  year  1900," 

BLACK  RIVER  AT   HUNTINGTONVILLE    DAM,    NEAR  WATERTOWK,    NEW 

YORK. 

A  description  of  this  station,  including  tables  of  daily  gage  heights, 
will  be  found  in  Water-Supply  Paper  No.  36,  page  191.  The  entire 
flow  of  Black  River  at  this  point,  aside  from  leakage  and  a  slight 
diversion  for  the  municipal  water  supply  of  Watertown,  passes  over 
the  Iluntingtonville  dam.  Two  or  more  readings  of  the  crest  gage 
are  taken  daily,  and  the  mean  of  the  readings  from  midnight  to  mid- 
night has  been  used  in  estimating  the  mean  daily  flow.  In  computing 
the  flow  over  the  dam,  an  allowance  of  200  second-feet  has  been  made 
for  leakage  through  seams  and  crevices  in  the  limestone  rock  under- 
lying the  dam.  This  amount  has  been  arrived  at  from  an  estimate  of 
the  size  of  the  orifices  and  the  head  on  the  same,  when  the  water  was 
drawn  down  in  the  summer  of  1897. 

There  is  no  way  to  check  direct  the  flow  during  high  water  imme- 
diately below  the  dam,  but  a  current-meter  measurement  was  made 
at  Glenpark  Bridge  on  June  6,  1900,  which  gave  a  total  flow  of  2,175 
second-feet. 

The  mean  daily  flow  for  the  years  1807,  1808, 1809,  and  1900  is  given 
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ill  the  accompanjdng  tables.  It  does  not  I'epresent  the  total  water- 
3'ielding  capacity  of  the  tributaiy  drainage  area,  inasmuch  as  a  portion 
of  the  flow  from  the  headwaters  is  diverted  to  the  Forestport  feeder  to 
supply  Black  River  Canal.  Storage  reservoirs,  to  compensate  water- 
power  users,  are  maintained  by  the  State  of  New  York  on  Beaver  and 
Moose  rivers,  the  principal  tributaries  of  Black  River.  Owing  to  flood- 
water  storage,  diversion,  and  the  effect  of  mills  starting  and  stopping 
irregularly,  the  regimen  of  this  stream  is  far  from  natural.  Measure- 
ments of  the  amount  of  diversion  of  Black  River  below  Forestport 
reservoir  have  been  made  by  Mr.  E.  C.  Murphy,  for  the  New  York 
State  canal  survey. 

The  highest  water  observed  while  the  record  has  been  kept  was  on 
the  morning  of  April  21,  1900,  the  reading  of  the  crest  gage  being 
108.41  feet,  and  the  corresponding  flow  30,150  second-feet,  equivalent 
to  a  flow  of  16  second-feet  per  square  mile  of  tributary  drainage. 

This  stream  is  of  great  importance  as  a  source  of  water  power,  hav- 
ing 22  dams  in  its  lower  stretch  of  18  miles,  furnishing,  in  round 
numbere,  60,000  horsepower  to  80  mills  along  its  banks,  which  employ 
an  aggregate  of  3,900  persons. 

Additional  information  will  be  found  in  Water-Supply  Paper  No. 
47,  pages  37  to  41,  in  a  pai)er  entitled  ''Methods  employed  in  the 
gaging- of  New  York  streams  during  the  year  1900." 

DaUy  discharge,in  second-feet y  of  Black  River  at  HuntingtonviUe  dam^  New  York, 

for  1897. 


Day. 


2 

8 
4 
5 

6 

7 

8 

9 
10 
11 
12 
13 
U 
15 
16 
17, 
18 
19 
a) 
21 
22 
23. 
24 
25 
26 
27 
28 
29 

ao 

SI 


Feb. 


1.4flO 
l,46r) 
2,610 

3,420 


Mean 


2,180 


Mar. 


1,2» 


2,060 

2,866 

03,230 

3,896 

8,600 

4,230 

5,650 

6,970 

6,602 

06,260 

5.650 

5.130 

4,300 

3,930 

3,880 

2,240 

08.600 

8,550 

10,916 

16,500 

4,250 

12,080 

10,760 

a7,924 

6,176 

5,450 

5,450 


Apr. 


5,060 

5,170 

5,850 

a6, 176 

8,020 

8,650 

9,590 

10.916 

11,540 

11,540 

alO,600 

8,750 

7.340 

6.a56 

7,120 

7,924 

8,850 

o9,240 

9,690 

9,380 

9,690 

9,290 

8,260 

7,648 

a0.l44 

11. 176 

12,640 

14,142 

13,806 

10,552 


May. 


8,550 

a7,692 
6.514 
5,890 
6,602 
6,218 
5,970 
4,739 

o3,705 
2,900 
2,900 
2,455 
2.515 
8,029 
4,592 

05.170 
4,665 
4.126 
8,328 
3,062 
2.485 
2,642 

o3,095 
2,424 
2,515 
3.950 
4.776 
4,374 
4,020 

o3,775 
8,600 


June. 


6,317      9,484 


4.287 


8,362 
2,865 
2,300 
2,836 
8,328 

o3,095 
2,579 
2,300 
2,000 
4,484 
6,176 
6,428 

00,970 
4,411 
3,362 
2,770 
2,424 
2,090 
1,658 

ol,460 

2.090 

2,706 

2,270 

1,804 

1.388 

1,198 

0978 

1,198 

978 

934 


July. 


Aug. 


978 

956 

1,066 

o89r) 

•   782 

646 

1,066 

710 

678 

746 

0586 

582 

836 

614 

1,110 

1,198 

1,110 

ol,(XIO 

934 

978 

1,000 

890 

728 

630 

0480 

1,000 

934 

890 

1,220 

1,940 

2,000 


I  ol,  710 

1,606 

1,580 

1.292 

990 

782 

630 

a362 

536 

630 

2,990 

6,812 

7.252 

5,850 

o3,420 

2,362 

1,710 

2,000 

2,424 

1,804 

1,292 

ol,022 

978 

694 

522 

566 

582 

322 

ol,2&4 


2,713         879 


2,280 


Oct. 


1,044 

1,220 

2,455 

o854 

1,176 

1,110 

966 

854 

800 

782 

o480 

956 

746 

782 

854 

710 

710 

o678 


954 


Nov. 


598 
872 
1,738 
2.610 
2.862 
1,860 

ol,850 
2,120 
2,150 
2,800 
4,374 
4.411 
4,850 

04,000 
3,670 
3,029 
4.125 
5,170 
5,210 
3,960 

02,990 
3,882 
2,835 
2,150 
1,850 
3.396 
6,218 

o0,144 
9,890 
8,116 


4,165 


Dec. 


6,812 
5,860 
2,836 
2,455 

o3,420 
4,666 
5,290 
5,490 
5,770 
5.850 
7.428 

a7,692 
7,120 
6.680 
7,252 
6,068 
8.500 
8,  o08 

O6.092 
3,420 
3,195 
3,105 
8.130 
2.770 
2.393 

o2, 515 
2,270 
2,180 
2,060 
2,000 
1,804 


4,725 


a  Sunday. 
Note. —No  record  from  September  1  to  October  13,  inclusive. 
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ymdrfeet.ofBbiok  River  at  HitntingtonvUle  dam,  A'ero  York, 
for  1898. 


Jul     Feh.      Mar.     Apr.     May.  |  Jane.   July,     Aug.  I 


I    a£,340 

I    sisio 

1      I'.im 


I   fi,8Mi|  -i.sm   ' 


.  s.gGO  . 


^nd-feet,  of  Black  River  at  HuntingtonvUle  dam,  Xew  York, 

for  1S99. 


U.5-, 

J«i. 

Feb. 

Mar.  1   Apr, 

May. 

Jaoe. 

July. 

Afnc- 

Sept'  Oct 

Not. 
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i'ffio 
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''mo 
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11 
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tm 

"Is 

'AS 

•KS 
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iriioci 
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"856 

l!t3(l 

J« 

ilsso 

iS 

i.:3« 

■■i 

i.mii 
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1 

•1 

'1 

ii 

i'l 
ill 
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■i  i 

1,340        818 

1 
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11 

1.460 

1 

LOM 

11  "1 

4S  ii 

■S 

8 

0 

■1;;;;;;;:;;:;; 

3,880 
oS.SOO 
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a 

3,r«i 

ti 

,533 

":| 

;i32 

1 

■:i 

,533 

si. 110 

■i 
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■1 
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1 
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8,680 
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Daily  discharge,  in  second-feet,  of  BlcLck  River  at  Huntingtonville  dam^  New  York^ 

for  1900, 


Day. 


Jan.  <    Feb. 


Mar. 


Apr. 


May.  Jnne. ;  July.    Aujj.    Sept.  i  Oct.     Nov.  '  Dec 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

30 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 


1,766 
1,710 

i,no 

1,710 
1,710 
1,710 

al,710 
2,300 
2,362 
2,362 
2,240 
2,150 
2,270 

al,710 
1,940 
1,850 
1,580 
1,710 
1,MU 
2,990 

00,990 
6,280 
5,850 
5,770 
4,850 
4,125 
3,670 

03,420 
3,195 
2,865 
2,548 


2.834 


2.300 
2,300 
2,240 
O2.060 
2,060 
2,150 
2.200 
2,150 
4,850 
5,850 

o6,no 

5,260 

6,314 

11,458 

12,304 

14,090 

13,470 

011,280 

9,500 

7,924 

6,770 

5,130 

6,130 

4,850 

04,230 

3,775 

3,096 

2,996 


2,806 
2,610 
2,579 

o2,770 
2,770 
2,030 
2,865 
2,674 
2,930 
2.990 

a2, 674 
2.990 
2,674 
2,610 
2,610 
2.610 
2,610 

!o2,548 
2,610 
2,610 
2,610 
3,420 
4,020 
3,915 

o3,600 
3.600 
3,260 
3,260 
3,260 
3,260 
3,466 


03,800 

4,265 

5,370 

6,050 

7,384 

7,560 

9,740 

al2,192 

10,760 

10,760 

10,240 

10,344 

9,490 

7,940 

a6,386 

7,208 

9,096 

10,604 

20,100 

27,060 

do.  000 

029,500 

27,700 

25,200 

23,300 

21,750 

20.000 

17,050 

014,800 

12,752 


5.734     2,970     13,926 


11,280 

11,020 

10.812 
9,740 
9,000 

o7,780 
6,900 
6,050 
5,650 
6,602 
7,560 
6,050 

o5,770 
5,650 
5,250 
5,250 
5,650 
6,530 
5,250 

O5.170 
4,930 
4,374 
4.265 
3,705 
3,161 
3,420 

a2, 7u6 
2,485 
2,150 
2,000 
1,904 


2.000 
1,710 
2,000 

02,060 
2,200 
2,000 
2,150 
2,424 
2,579 
2,485 

o2, 610 
2,000 
2,090 
1,766 
1.580 
1,580 
1,268 

ol,lM 
1,460 
1,364 
1,044 
1,044 
1,110 
1,110 

ol,  176 
1,340 
978 
886 
764 
1,044 


5,711  i  1,630 


o978 
978 
1,000 
854 
1,000 
1,110 
1,110 
a764 
1,288 
1,244 
1,340 
1.268 
1.532 
1,580 

ol,198 
1,460 
1,220 
1,268 
1.340 
1,766 
1,580 

al,460 
1,556 
1,766 
1,340 
1,220 
2.130 
1.850 

ol,316 
1,268 
1,176 


1,340 

1,110 

1,220 

1,000 

o854 

694 

1,000 

1,154 

600 

820 

780 

ol,610 

1,010 

1,490 

1,730 

1,*680 

1,535 

1,240 

02,120 

1,010 

1,240 

1.200 

810 

480 

810 

0500 

780 

780 

1.780 

1,440 

1,240 


1,240 

ol,200 

1,010 

(6) 


(a^ 


780 

1,440 

1,200 

900 

1.120 

1,200 

o780 

1,010 

960 

1,240 

980 

870 

780 

o580 

820 

780 

1,010 

1,050 

l,ft50 

1,050 

o740 

960 

1,240 

1,440 

1,980 

2,340 

2,120 

al.605 

1,860 

1,885 

1,935 


1,610 
1,535 
1,440 
1,120 
1,370 
1,120 
1,245 


2,990 
2,896 
2.475 
2,120 
2,250 
1,485 
1.780 
1,680 
3,900 
8,600 
9,175 
8,900 
8,600 
7,820 
6,280 
6,680 
9,900 
12,250 
13,900 
12,250 


1,321  ,  1,134     1,020  I  1,218 


5.014 


9,900 
8,000 
6,400 
6,650 
6,700 
5.650 
6,700 
4,900 
4.180 
3,*)0 
8,460 
8.145 
2.990 
2,780 
8,080 
2,200 
2,780 
2,255 
2,595 
2.830 
2.780 
2,535 
2.535 
3.640 
5,450 
5,380 
4,900 
4,220 
3,810 


4,230 


a  Sunday. 


h  Slnioe  gates  ox>en. 


GRAND   RIVER,   MICHIGAN.^ 

This  is  the  largest  stream  in  the  State.  Its  drainage  basin,  which 
includes  a  total  area  of  5,572  square  miles,  is  situated  in  the  central 
portion  of  the  lower  peninsula,  and  drains  into  Lake  Michigan.  It 
lies  in  the  southern  border  of  the  pine  belt  and  is  for  the  most  part 
cleared.  Occasional  tracts  of  forest  remain,  however,  as,  for  example, 
Slocum's  Grove,  in  Muskegon  County,  which  forms  a  part  of  the 
drainage  basin  of  Crockery  Creek,  and  contains  between  4,000  and 
5,000  acres  of  hard-wood  and  hemlock  timber,  now  being  lumbered. 
The  basin  is  overlain  with  glacial  drift  deposits,  including  sand,  clay, 
overwash,  gravel,  and  till,  with  outcroppings  of  rock  at  rare  intervals. 
A  stratum  of  limestone,  said  to  be  52  feet  thick,  appears  in  the  east 
side  of  the  bed  of  Grand  River  at  Grand  Rapids,  100  feet  above  the 
Pearl  street  bridge.  It  dips  in  a  northeasterly  direction,  at  a  slope  of 
50  feet  to  the  mile,  and  does  not  appear  in  the  west  side  canal.  The 
watershed  receives  an  annual  rainfall  varying  from  25  inches  in 
the  region  of  the  headwaters  to  30  or  35  inches  near  the  mouth  of  the 
river.  From  the  foot  of  the  rapids  formed  by  the  limestone  ledge  at 
Grand  Rapids  to  the  mouth  of  the  river  at  Lake  Michigan  the  flow  is 


^  Report  of  Robert  £.  Horton. 
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veiy  sluggish;  the  fall  in  this  portion  is  given  below,  from  levels  run 
by  Mr.  Fred  Morley,  United  States  assistant  engineer. 

Fall  of  Grand  River  between  Grand  Rapids  and  its  mouth. 


Section. 


Grand  Rapids  to  OrandriUe 

Grand  ville  to  Lamont 

Lamont  to  Grand  Haven 

Total 


Dis- 
tance. 


6.0 
11.5 
21.64 


30.14 


FalL 


Miles.    I  Feet. 


2.86 

2.se 

0.43 


6.20 


In  the  upper  half  of  this  stretch  of  the  river  the  immediate  banks 
of  the  stream  are  high,  sometimes  forming  natural  levees  at  eleva- 
tions greater  than  that  of  the  adjacent  flood  plain.  Mr.  Morley  states 
that  below  Lamont  bayous  and  low  swamps  are  common  between  the 
river  banks  and  the  foothills  bordering  the  valley.  The  valley  as  a 
whole  is  narrow;  gravel  bluffs  from  50  to  60  feet  high  occasionally 
stand  close  to  the  stream.  The  river  below  Grand  Rapids  has  been 
adjudged  navigable,  and  a  project  has  been  formed  for  its  canaliza- 
tion, the  plan  being  for  a  waterway,  with  a  navigable  depth  of  10  feet, 
connecting  the  city  of  Grand  Rapids  with  Lake  Michigan. 

The  drainage  areas  of  the  main  stream  and  its  tributaries  at  various 
points  are  given  in  the  following  table : 

Drainage  areas  of  Grand  River  and  its  tributaries. 


Stream. 


Location. 


Area. 


Grand  River 

Red  Cedar  Riyer . . . 
Grand  River 

Do 

Looklngglass  River 
Grand  Elver 

Do 

Maple  River 

Do 

Grand  River 

Do 

Do 

Flat  River 

Grand  River 

Thomapple  River .. 
Grand  River 

Do 


Above  Lansinff 

Above  month 

Below  mouth  of  Red  Cedar  River 

Above  Portland 

Above  month 

Below  month  of  Lookingglass  River  ... 

Above  Lyons 

Above  Maple  Rapids 

Above  month 

Below  month  of  Maple  River 

At  Ionia 

Above  Lowell 

At  mouth 

Below  mouth  of  Flat  River 

Above  mouth 

Above  Grand  Rapids  water-power  dam 
Above  mouth 


Sq 


mt. 

756 

i72 

1.229 

1.404 

306 

1.710 

1,748 

4.59 

919 

2.667 

2.818 

2,971 

eos 

3.573 

834 

4.883 

5,572 


The  watershed  is  comparatively  flat.  The  total  fall  of  the  river 
from  the  extreme  headwaters  to  the  mouth,  a  distance  of  more  than 
200  miles,  is  about  350  feet. 
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Fall  and  slope  of  Qrand  River, 


Location. 


Gnmd  Haven.. 
Qrand  Rapids  a 

Lowell 

Ionia 

Portland 

Lansingr 

Jackson 


Elevation 

above 
mean  tide. 


Approximate  f alL  i  ^W'''°,i^?*®  ^^ 


tance. 


Fptt. 
581.3 
587.6 
636.0 
640.0 
710.0 
8S5.0 
915.0 


1 

To  month  ^Between 

From 

of  stream. 

points.. 

month. 

Feet. 

Feet. 

Miles. 

0.0 

0.0 

0 

6.2 

6.2 

39 

63.7 

47.5 

67 

58.7 

5.0 

83 

128.7 

70.0 

106 

248.7 

115.0 

138 

338.7 

90.0 

192 

Between 
points. 


Miles. 


28 
16 
23 
32 
54 


a  Foot  of  rapids. 

The  northwestern  and  southeastern  portions  of  the  watershed  are 
thickly  interspersed  with  small  lakes.  A  considerable  number  of 
these  have  no  surface  outlets,  and  their  drainage  basins  do  not  con- 
tribute to  the  run-off  of  the  river  except  through  ground  water. 

The  water  of  Grand  River  is  hard.  Samples  collected  on  June  20, 
1899,  showed  the  following  analyses:* 

Analyses  of  water  from  Qrand  River  and  tributary  streams^  in  parts  per  million,, 


Stream. 


Grand  River. 


Thomapple  River 

Muskegon  River 

Bailey  Creek  (spring  fed) 


Location. 


Grand    Rapids 
pnmpinsr  station. 

At  Cascade 

Above  Big  Rapids. . 


Total 

Chlo- 

Free 

Albu- 
minoid 

residue. 

rine. 

ammo- 
nia. 

ammo- 
nia. 

281.6 

i.O 

0.113 

0.320 

280.0 

4.3 

.094 

.208 

184.0 

1.9 

.052 

.344 

:245.6 

1.7 

.0(» 

.096 

Tempo- 
rary 
hara 

ness. 


240 

250 
170 
225 


Grand  River  serves  as  a  source  of  water  supply  to  the  city  of  Grand 
Rapids.  The  average  daily  consumption  of  that  city  for  the  year 
1899-1900  was  13,693,499  gallons  a  day,  equivalent  to  a  flow  of  21.3 
second-feet.     The  population  in  1900  was  87,565.^ 

In  connection  with  proposed  improvements  for  navigation,  gaging 
stations  have  been  established  at  various  points  on  Grand  River  below 
Grand  Rapids.  All  gages  are  set  with  their  zeros  at  the  Lake  Michi- 
gan datum,  581.28  feet  above  mean  tide  of  the  New  York  harbor  deep- 
sea  levels.  Since  1890  observations  have  been  taken  at  different 
stages  of  the  stream,  notably  during  high  water,  with  a  view  to  deter- 
mining its  slope.  Cross  sections  have  also  been  made,  and  these  data 
will,  when  completed,  form  a  basis  for  computing  the  flow  of  the  river 
by  means  of  Kutter's  formula. 


*  Report  of  Consulting  Engineers  to  Pure  Water  Commissioners  of  the  City  of  Grand  Rapids 
Michigan,  1899. 
s  Report  of  Board  of  Public  Works,  Grand  Rapids,  1900. 
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The  results  of  the  gage  readings  for  the  j-ear  1891,  referred  to  the 
Lake  Michigan  datum,  are  given  in  the  following  table: 

Oage  heights,  in  feet,  of  Orand  River  at  vaHout  points. 


Mean  gkge  heights. 

Higheet  obaerred. 

LfflW«tobi»rTed. 

Month. 

1    1    ., 
|t|    1 

t 

1  1  i 
S   .  1      g 

1 

1 

JljlJ 

^^ 

8.ieli.<>3   1 
s.ge  1  5.D0  a 

11.91     9.48    5 
11.  IS  1  8.5S    i 

0.93 ;  3-ee  i 

lilii 

S.eO  '  £.G1  , 

1 

1 

70 
BS 

17 
SS 
2B 
6B 

82 

1 

j 

Anffnit 

Saptembor.— 

i 

Float  measurements  of  the  flow  of  Grand  River  were  made  by  Mr. 
Morley  during  the  lo^-water  period  of  1891,  as  follows: '  July  21,  5.52 
miles  below  Grand  Rapids;  August  18, 16.68  miles  below  Grand  Rapids. 
Rod  floats  were  run  across  the  stream  at  intervals  of  10  feet,  and 
were  timed  while  passing  downstream  a  distance  of  100  feet.  From 
these  measurements  the  minimum  flow  of  1891  was  estimated  at  981.5 
second-feet,  the  corresponding  stage  on  the  Grand  Rapids  gage  being 
5.67  feet. 

In  addition  to  the  foregoing,  Mr.  Morley  calculated  the  flow  at  vari- 
ous stages,  from  measured  slopes  and  sections,  by  means  of  Kutter's 
formula,  with  the  following  results: 


Cal 

imlated/lotp  of  Q- 

rand  River 

near  Grand  Rapid*. 

Qage         Coire- 

' 

«s'i-,ar 

ggf.sSs 

(A)' 

V)' 

p=R. 

Slope. 

ciSe. 

S^r. 

O.OOOCSli 

1  .W| 

im.f) 

"■" 

A  nearly  continuous  record  of  the  stage  of  Grand  River  at  the  Chi- 
cago and  West  Michigan  Railroad  bridge,  1  mile  below  the  dam  in 
Grand  Rapids,  lias. been  kept  since  May  26, 1897.  A  copy  of  this  rec- 
ord has  been  furnished  by  George  W.  Bunker,  United  States  assistant 


arvey  of  Umnd  Rive 


V  Oraad  R&plds,  Ww  Department,  I8BS. 
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engineer.     The  daily  gage  heights,  referred  to  the  Lake  Michigan 
datum,  ai-e  given  in  the  following  tables: 

Daily  gage  height ^  in  feet ^  of  Grand  River  at  Grand  Rapids^  Michigan^  for  1S97. 


Day. 

May. 

Jnoe. 

1 

7.5 

2 

6.8 

3 

7.2 

4 

7.1 

5 

7.0 

6 

7 ::::...: ::.:::::::: 

7.0 

8 1 

6.8 

9 1 

7.0 

10 

7.0 

11 

6.9 

12 1 

6.8 

13 1 

14 ::::::..:.:.:;:::""" 

6.6 

15 

6.6 

16 

6.8 

17 

7.3 

18 

7.0 

19 

6.9 

ao 

21 

6.0 

28 

6.9 

23 

6.4 

24 

6.3 

25 

6.3 

28 

"■*8."2 
8.2 
8.0 
7.9 

6.7 

27 

28 

6.6 

29 

6.5 

30 

6.5 

31 _-. 

6.5 
0.5 
6.5 


6.3 
6.3 
6.3 
5.4 
5.4 


Sept.      Oct.       Nov.      Dec 


6.9 
6.9 
6.7 
6.7 
6.6 
6.7 

6."8' 
6.8 


6.2 
6.4 
6.6 
6.4 


6.1 
6.3 
6.4 
6.4 


6.9 
6.0 
6.0 
6.0 
5.9 
5.8 
5.9 
5.8 


1 

6.7 

6.2 

5.9 

6.8    . 
6.5 

6.0 

6.6 

6.1 

0.1 

6.8 

6.4 

6.2 

6.3 

7.3  1. 

6.4 

7.2 

6.4 

6.2 

6.3 

7.0 

6.4 

5.9  1. 

6.4 

8.1 

6.1 

6.7 

6.4 

6.1 

6.6 

6.3 

6.2  1 

5.9 

6.5 

6.3 

6.2 

6.1 

6.5    . 

6.1 

6.2 

6.5 

6.2 

6.1 

6.2 

6.6 

6.2 

6.1    .. 

6.3 

6.0  1 

6.0 

6.5 

6.3 

6.0 

6.5 

6.3 

6.6  1 

5.9 

6.5 

6.4 

6.0  1 

6.7 

6.9    . 

6.0 

6.8 

7.3 

6.6 

6.0  ; 

6.1 

7.2  ' 

6.1 

t 

6.1 

Daily  gage  height,  in  feet,  of  Grand  River  at  Grind  Rapids,  Michigan^  for  1S98, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

Jane. 

6.8 
6.4 
6.9 
6.1 

"6.2" 
1      6.4 
6.5 
6.6 
6.6 
6.8 

""6.*7 
7.0 
6.6 
7.2 
7.4 
7.0 

"e.'o 

8.9 
6.5 
6.4 

6.8 
7.0 

"T.V 
7.3 

7.0 
7.0 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

'Dec. 

1 

9.8 
9.7 
9.4 
9.2 
9.3 
9.1 
9.9 
9.4 
9.1 
8.9 
.     9.8 
11.7 

12.2 
11.9 
11.4 
10.6 
10.2 

"Ta 

9.2 

9.6 

11.9 

13.5 

15.7 

14.1 
13.9 

"i2."4 

11.6 
11.2 
10.7 
10.3 
10.0 

"'9.5" 

"9.'0' 

8.8 
8.4 
8.4 

'"S.2 
8.2 
8.4 
8.4 
8.5 
8.7 

"T.s 
8.7 

8.8 
8.6 
8.5 
8.3  ' 

t 

1 

"'8.'i' 
8.1 
8.1 
8.0 
7.9 
7.8 

1.6 
7.6 
7.4 
7.3 
7.2 
7.1 

"o" 
6.9 
6.8 
7.2 
8.0 
7.9 

"■fJA" 
7.7 
7.5 
7.3 

7.3 

6.0 
7.0 

"e.'e 

6.8 

6.7 
6.5 
6.5 

"6.4 
6.5 
6.3 
6.4 
6.3 
6.3 

"e.'i" 

8.4 

6.5 

6.4 
6.4 
6.4 

""e.i" 

6.4 
6.2 

6.4 
6.4 
8.4 
6.5 
6.8 
8.5 

""6.8' 
6.8 
6.9 

6.8 
8.7 
6.8 

"■6.7" 
6.8 
7.2 
8.1 
7.5 
7.5 

"T.V 
7.0 
7.0 
6.8 
6.8 
6.8 

8.8 
'      6.6 

"'e.'e' 

<      6.8 
6.8 
8.6 
6.5 

"6.2 

6.2 

,      8.4 

1      6.2 
6.8 
6.8 

6.9 
6.8 
6.5 
8.5 
6.8 
7.2 

"*7.'6" 
7.6 
7.2 
8.8 
6.8 

8.8 

"'6."9" 
6.7 
6.4 
6.3 
6.3 
6.5 

"8."7' 
6.6 
6.4 
5.5 
6.2 
6.4 

"'6.' 7" 
6.9 
6.9 
6.8 
7.3 
7.6 

""7."6 
7.3 
7.5 
7.6 
7.6 
7.7 

"':'.h' 

7.4 
7.4 
7.3 
7.1 
7.2 

"7'4 

6.9 
7.3 
7.3 

7.4 
7.5 

"■7."  7' 
7.9 
8.0 
R.2 

8.2 
8.4 

■"8."7" 
8.8 
8.8 

"'8.2' 

8.2 

"'7.'8' 
7.9 
7.9 

7.8 

2 

3 

4 

7.9 
7.9 
7.4 
7.4 
7.4 
7.4 

7.7 

6 

7.5 

6 

7.5 

7 

7.4 

8 

7.2 

9 

7.4 

10 

6.8 
6.9 
6.7 
6.9 
7.4 
7.6 
8.0 
8.0 
7.8 
7.8 
7.7 
7.9 
8.9 
8.4 
9.0 
9.2 
10.2 
9.4 
9.6 
9.6 
9.4 

7.4 

11 

12 

7.9 

13 

8.8 

14 

12.5 

12.8 
13.0 
13.1 
12.9 
12.9 



18.7 
19.5 
19.7 
19.2 
18.6 
18.1 

8.2 

15 

8.2 

16 

8.1 

17 

7.8 

18 

19 

20 

8.1 

21 

12.9 

"is'Y 

13.1 
18.1 
13.1 

17.0 
16.7 
16.6 
16.4 
16.8 
16.2 

7.4 

22 

7.7 

23 

8.0 

24     

8.3 

25 

28.  

27 

9.2 

28 

12.4 

14.2 
13.9 
14.0 
14.2 

9.9 

29 

6.2 
6.2 

6.8 
6.6 
6.6 

9.6 

30 

9.2 

31 

10.0 

1 
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Daily  gage  height ,  in  feet^  of  Grand  River  at  Grand  Rapids,  Michigan,  for  1899^ 


Daj. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

6.9 
6.8 
6.5 

Sept. 

Oct. 

1 

1  Nqv. 

Dec. 

1 

9.9 
9.8 
9.4 
9.4 

14,1 
14.3 
14.7 
15.3 

10.0 

"9.*9' 

10.4 

11.4 

13.1 

14.0 

14.6 

"m'o 

16.3 
16.5 
16.5 
16.4 
16.2 
15.7 
14.9 
14.2 
13.4 
12.3 
11.8 
11.1 

"io'.l 

10.0 
9.9 
9.7 

9.3 
9.4 
9.5 
9.4 
9.7 
9.6 

"*8."7" 
8.5 
8.3 
8.2 
8.2 
7.6 

8.6 
8.4 
8.3 

6.0 
"'"6.2' 

6.4 
6.4 

1 

*7."2' 

6.7 
6.7 
6.7 
6.7 
6.8 

6.4 
6,7 
6.6 
6,5 
6,6 

"O 
6.8 
6.9 
7.0 
6.8 
6.8 

""'e'o" 

6.6 
6.5 

6.6 
7.0 
7.0 
7.0 
6.8 
7.1 
7.0 
6,9 
6.8 
6,8 
7.0 

"6.9 
7.0 
7.0 

7.2 
6.8 
7.2 

"'f.'o' 

7.0 
6.9 
6.6 
6.6 
6.8 

6.7 

2 

6.7 

3 

10.0 
9.3 
10.2 
10.3 
13.0 

4 

6.5 

6 

7.9 
7.6 
7.6 
7.4 

7.0 
6.7 
6.8 

6.8 

""6.'9' 
6.6 
6.6 
6.5 
6.6 
6.4 

6.4 
6.5 
6.6 
6.7 
6.7 

"'"6."7' 
6.6 
6,7 
6,5 
6.6 
6,5 

■  "6.'7' 
6.9 
6.9 
6.7 
6.9 

6 

7 

9.0 
8.9 

14.9 
14.6 
14.2 
13.0 
11.9 
11.4 

6.3 
6.3 

8 

9 

12.6 
12.0 
12.8 
11.2 
11.2 
11.4 

10 

11 

6.8 

12 

7.4 

7,6 

13 

8.1 
8.1 
8.1 
8.4 
8.4 
8.1 

12.5 
12.8 
13.1 
13.3 
13.9 
13.3 

7.5 

14 

6.6 
6.9 

6.5 
6.4 
6.5 
6.5 
6.4 
6.4 

"6.'4 

7.5 

15 

7.9 
7.6 

7.7 
7.7 
7.7 
7.7 

■"7.T 

7.6 

16 

12.3 
12.4 
12.4 
12.3 
12.0 
11.8 

17 

6.8 

6.9 
6.9 

18 

7.4 

19 

7.2 

20 

9.1 
9.4 

12.2 
12.3 
12.3 
12.1 
11.3 
11.0 

6.5 

6.9 
6.6 
6.6 

7.3 

21 

7.2 

28 

7.6 
7.4 
7.2 
7.2 

7.1 
7.0 

7.0 

23 

10.6 

10.3 

9.9 

9.4 
9.4 
9.3 

24 

"'6:i' 
6.2 

6.8 
6.7 
7.0 
7.1 
7.0 
6.9 

6.6 
6.6 
6.6 

"e'i" 

6.3 
6.3 
6.4 

"7.'4 
7.6 
7.3 

1:? 

25 

26 

7.5 

27 

10.6 
10.0 

13.7 
14.0 

10.5 
10.8 
10.8 
10.2 

"■6."8 

*7*2 

7.0 

6.6 

"e'i' 

7.4 

28 

7.6 

28 

9.4 

8.1 

6.2 

7.6 

30 

9.8 
9.9 

7.6 

31 

8.6 

7.1 

Daily  gage  height,  in  feet,  of  Grand  River  at  Grand  Rapids,  Michigan,  for  1900 


Day.       ,  Jan. 

1 

Feb. 

Mar. 

Apr. 

1 

1        Day. 

Jan. 

Feb. 
12  3 

1 

Mar.  Apr. 

1 1 

8.3 
8.3 
8,1 

16.8 
16.7 
18.5 

17 

18 

19 

8.9 
8.7 

8.7 
8.7 

9.8 

2 

1  11.5 

3 

11.0 
10.6 
10.2 

4 

7.9  16.3  1 

20 

5 

7.9 
7.9 
7.9 
7.9 

8.1 
8.1 
7.9 
8.0 
8.1 
8.2 
8.2 
8.2 

18.1 
15.7 
15.1 

is'h' 

12.7 
11.8 
11.2 
10.6 
10.3 

'io'o 

21 ... 

*  ■■ 

8.7  

6 

22 

7.9 

8.8 
9.8 

7 

23 

24 

25 

7.9   9.7 
7.7   ft.  3 

8 

11.6 
14.1 
14.6 
13.9 
13.4 
12.8 
12.7 
12  8 
12.8 

11.4 

9 

7.4 
7.0 

9.0 

8.7 

12.2 
12.8 
13.5 
15.4 
16.7 
17.0 
17.0 

10 

26 

11 

27 

B.7   8.5 

12 

28 

7.0 
8.7 
8.7 
8.5 

8.3 


13 

29 

14 : 

ao 

15 

31 

16 

In  1899  the  following  measurements  of  the  volume  of  flow  of  the 
stream  were  made  under  Mr.  Bunker's  direction.  The  measurements 
were  made  by  means  of  rod  floats  spaced  at  intervals  of  20  feet  across 
the  channel,  and  timed  through  a  distance  of  100  feet. 
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Discharge  measurements  of  Ghrand  River, 


Date. 


Location  of  section. 


Apr.  13    Brick  House. 

Apr.  23  do. 

June  19  do. 

Jane20  i do. 

Auk.  81  ' do. 

June  16    Lounont 

JaDe29  do 

Sept.  8 do 

Apr.  19  I  Grand  Rapids. 
Jnne28  I do. 


JuQe30  do. 


Bleva- 
tion  of 
water 

surface. 
Lake 

Michigan 
datum. 


Feet. 

14.514 
8.968 
4.048 
8.480 

aaoi 

1.077 
.487 


13.334 
6.142 
6.168 


Corre- 
sponding 
stage  at 
Grand 
Rapids 
gage. 


Feet, 

16.40 

11.00 

a  6. 39 

6.17 

6.44 

a  7.09 

6.17 

6.69 

13.39 

6.14 

6.17 


Maan         Mean 
areaof  :^«l«!i*^y 
■~«°^-  I  seSnd. 


6,131.6 

3,887.6 

1,487.6 

1,177.0 

761.2 

1,699.1 

1,402.2 

1,214.2 

4,091.4 

784.8 

619.5 


Dis- 
charge. 


Sec-feet 

18,770 

7, 465^ 

1.960 

1,397 

909 

2,048 

1,342 

910 

10,671 

1,492 

1.098 


a  Approximate;  interpolated. 

The  relation  between  the  various  sections  is  shown  in  the  following 
table: 

Table  showing  relation  between  sections  on  Grand  River  where  discharge  measure- 
ments were  made. 


Location. 


Brick  House 

Lamont 

C.  A  W.  M.  B.  R.  bridge.  Grand  Rapids 


Distance 
belovr 
Grand 

Rapids. 


Propor- 
tional 
Drainage  ;  drainage 
area.      |    area  at 
I     Grand 
Rapids. 


Miles. 
4.0 
16.6 
0.0 


Sq.  tnilea. 
4,961 
5,179 
4,900 


Per  cent. 
98.7 
94.6 
100.0 


A  gaging  was  made  at  Grand  Rapids  on  July  13, 1898,  by  W.  M.  Mills, 
C.  E.,  from  which  the  flow  was  estimated  at  1,000  second-feet.  The 
results  of  all  gagings  thus  far  made  are  summarized  in  the  following 
table,  the  results  of  measurements  made  below  Grand  Rapids  having 
been  reduced  to  equivalent  flow  at  the  Chicago  and  West  Michigan 
Railroad  bridge: 

Table  showing  discharge  of  Grand  River  at  Chicago  and  West  Michigan  Railroad 

bridge  at  Grand  Rapids, 


Date. 


Hydrographer. 


September  8,1899. 
Aiip]8t31,1809.... 


July  13.1896.. 
June  3U,  1K99. 
JnDe29,1899.. 

Do 

Jnne2B,1899.. 
Jane  16,1899. 
June  19, 1889. 
1»1..... 

1(991 

April  S,'im" 
Agrfltt.!™. 


ApriH3,1899 i do 


Oreo.  W.  Bnnker 

....do 

Fred  Morley 

W.M.  Mills 

Geo  W.  Bnnker 

....do 

....do 

....do 

....do 

....do 

Fred  Morley 

....do 

Geo.  W.  Banker 

..-.do 

Fred  Morley 


Stage  at  , 

^l    ^Discharge, 
gaffe. 


Feet. 

6.69 

6.44 

6.67 

6.S9 

6.17 

6.17 

6.17 

6.19 

7.09 

6.80 

7.82 

10.32 

11.09 

13.39 

14. 3S 

16.49 


Sec.- feet. 

862 

897 

981 

1,000 

1,098 

1,270 

1,879 

1,492 

1,987 

1,954 

1  2. 161 

,  5.514 

1  7.368 

I  10.570 

12,382 

18,527 
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Two  gagings  of  the  low- water  flow  of  Thornapple  River  were  made 
by  L.  W.  Anderson  on  September  14,  1899,  near  the  mouth  of  the 
stream  and  just  above  the  village  of  Ada.  The  velocities  were  deter- 
mined by  means  of  both  surface  and  rod  floats,  which  were  timed 
while  passing  through  100-foot  sections.  The  flow  was  found  to  be 
155  second-feet,  or  0.19  second-foot  per  square  mile  from  a  drainage 
ai*ea  of  824  square  miles. 

Float  measurements  of  Flat  River  about  7^  miles  above  its  mouth 
have  been  made  by  R.  J.  M.  Danley.  Soundings  were  taken  every  10 
feet  across  the  channel,  and  rod  floats  were  put  in  at  the  same  inter- 
vals. The  velocity  was  determined  by  timing  the  floats  while  passing 
a  distance  of  200  feet.  The  drainage  area  above  the  point  of  meas- 
urement is  556  square  miles,  46  square  miles  less  than  at  the  mouth 
of  the  stream. 

Discharge  measurements  of  Flat  River  about  7,S  miles  above  its  mouth. 

Date.  Discharge. 

Second'  Sec.-ft.per 

1896.                                                                    feet.  sq.mtU. 

July  16 215  0.» 

July29 215  0.3B 

Septembers 280  0.40 

Mr.  Danlej'  states  that  these  measurements  represent  extreme  low 
water  preceded  by  a  period  of  six  weeks  with  little  or  no  rain. 

Arrangements  have  been  made  with  L.  W.  Anderson,  C.  E.,  for  the 
continuation  of  gagings  of  Grand  River  at  Grand  Rapids.  A  gage 
has  been  placed  at  the  Fulton  street  bridge  where  observations  of  the 
stage  of  the  water  are  taken  twice  daily.  Current-meter  measure- 
ments of  the  flow  will  be  made,  from  which,  with  the  measurements 
already  available,  a  rating  curve  for  the  Grand  Rapids  cross  section 
can  be  prepared. 

A  station  has  also  been  established  on  Grand  River  at  the  Schuyler 
street  bridge  in  North  Lansing.  The  river  freezes  over  through  nearly 
its  entire  length  above  Lansing,  and  in  the  spring  large  quantities  of 
ice  are  brought  down.  At  the  point  selected  for  gaging,  however,  the 
river  does  not  freeze  over,  owing  to  the  presence  of  a  dam  an  eighth  of 
a  mile  above. 

Two  miles  above  the  North  Lansing  gaging  station  Grand  River 
receives  the  drainage  from  Red  Cedar  River,  on  which  a  gaging  sta- 
tion was  established  in  January,  1901.  The  gage  is  loeuted  at  the 
Grand  Trunk  Railroad  bridge  on  the  gi'ounds  of  the  Michigan  Agri- 
cultural College.  The  stream  is  narrow,  with  gravel  bed  and  without 
flood  plains;  the  current  is  moderate. 

The  station  on  Red  Cedar  River,  as  well  as  that  at  North  Lansing 
on  Grand  River,  is  under  the  immediate  direction  of  Prof.  H.  K. 
Vedder,  of  the  Michigan  Agricultural  College. 
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The  drainage  areas  above  the  stations  are  as  follows: 

Dniitiage  areas  above  gaging  stations. 


River. 


Qrand  River 

Do 

Red  Cedar  River 


Location. 


Area. 


Sq.  milee. 

Fnlton  street  bridge.  Orand  Rapidfl 4,900 

North  Lansing 1,238 

Michigan  Agncnltnral  College i  368 


The  fall  and  the  power  in  use  at  the  principal  dams  on  the  main 

river  and  its  branches  are  given  in  the  following  table.     There  is  no 

storage  developed  on  the  stream.     The  dams  are  of  timber,  usually 

provided  with  logways,  though  the  logging  industry  on  the  river  is 

now  practically  at  an  end.     During  the  winter  months  anchor  ice  is 

a  frequent  source  of  annoyance  to  water-power  users.     The  present 

development  involves  two  power  canals  which  run  parallel  with  the 

river. 

Developed  uxiter  powers  on  Grand  Miver  and  its  tributaries. 


Location. 

Number 
of  dam. 

• 

Number 
of  mills 
at  dam. 

Effective  head  or  fall. 

Rated 
power  of 

Stream. 

Qreat- 
eet. 

Least. 

Average. 

water 
wheels 

re- 
ported. 

Grand  River 

Do 

Orand  Rapids 

Lijons.. 

1 
2 
3 

i 
5 

6 
7 

8 
9 
10 
11 
1 
1 
2 
1 
1 
2 
3 
4 
1 
2 

3 
4 
5 
1 
I 
2 

24 
8 

1 

1 
2 
2 
None. 
6 
2 
2 

Feet. 
15 
9 

Feet. 
6.5 
4.0 

F^et. 
12.5 
7.5 

Horse- 
potoer. 
2,000 
150 

Do 

Three  miles  above 

Lyons. 
Portland 

Do 

241 

Do 

do 

1 

Do 

Qrand  Ledge 

do 

9 

6.0 

7.6 
...... . 

130 

Do 

Do 

North  Lansing 

Eaton  Rapids 

Winfleld   

9 
9 

8.0 
6.0 

7.0  ,          2no 

Do 

7.5  1             140 

Do    

Do 

Jackson ... 

„.^,„^..,.i 

Buck  Creek 

Qrand  ville 

1 
1 
1 
1 
2 
2 
1 
3 
1 
1 

o 

M 
1 
1 

2 
2 
2 

13.0 

400 

Rogue  River 

Ek) 

Childsdale 

18 

8.0 

418 

Rockford 

Porter  Creek 

£«dgerton 

14 

8 

12.0 
4.0 

i'i.o 

10.0 
6.0 

52 

Thornapple  River 
Do 

Ada 

32 

Alaska     .  ..  ...... 

90 

Do 

liAbarse 

Do 

Middleville 

Lowell 

Flat  River  .  .  - . 

8.0 
11.0 

297 

Do 

Three  miles  above 

Lowell. 
Alton  

12 

466 

Do 

Do  

Belding 

186 

Do 

Qreen  ville 

Lookinglaae  River 
Red  Cedar  River 

Portland..  .. 

8 

4.0 

7.0 

203 

Okemofi 

Do 

Williamstown 

Water  power  was  originally  developed  at  Grand  Rapids  in  1836  by 
the  construction  of  a  rubble  diverting  or  wing  dam  on  the  limestone 
ledge  at  the  east  side  of  the  sti*eam.  In  1851-52  a  dam  was  built 
across  the  stream  and  the  width  of  the  east  side  canal  was  increased 
to  60  feet,  with  the  intention  of  providing  slack-water  navigation  past 
the  Long  Rapids  at  this  point.     In  1866  W.  T.  Powei*s  purchased  the 
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water  privilege  on  the  west  side  of  the  stream,  and  joined  with  the 
power  users  on  the  east  side  to  build  the  present  timber  dam,  the  crest 
line  of  which  is  678  feet  long.  The  east  side  canal  is  2,560  feet  long 
and  the  west  side  canal  3,750  feet  long. 

Where  the  space  between  the  canals  and  river  does  not  permit  of 
the  erection  of  mills  or  factories,  wheel  pits  are  placed  at  the  river's 
edge  and  the  power  is  carried  to  the  mills  by  telodynamic  trans- 
mission. 

Each  canal  is  entitled  to  half  the  flow  of  the  stream.  Water  privi- 
leges on  the  east  side  were  sold  by  priority,  beginning  at  the  lower  end 
of  the  canal.  The  flow  in  the  west  side  canal,  constituting  half  of  the 
power  of  the  stream,  was  divided  into  66  equal  parts  or  "  runs."  The 
net  power  of  one  run  of  stone,  at  the  ordinary  stage  of  the  stream 
and  under  a  head  of  12^  feet,  has  been  fixed  at  16  horsepower.  On 
this  basis  the  ordinary  effective  power  available  at  Grand  Rapids  is 
estimated  at  2,000  horsepower.  The  power  is  utilized  in  the  manu- 
facture of  furniture,  in  flour  mills,  machine,  iron,  and  brass  works, 
and  for  the  generation  of  electricity.  In  addition  power  is  trans- 
mitted electrically  to  Grand  Hapids  from  the  plant  of  the  Penin- 
sular Electric  Company  on  Flat  River,  above  Lowell.  The  transmis- 
sion line  is  16  miles  long,  the  tension  10,000  volts. 

The  foregoing  list  of  water  powers  does  not  include  a  number  of 
rural  grist  and  feed  mills  on  the  smaller  tributaries,  some  of  them  very 
small,  only  permitting  the  mills  to  run  intermittently  by  holding  back 
the  flow  as  pond  storage.  Abandoned  sites  where  dams  have  been 
washed  out  ai'e  not  infrequently  found.  These  were  used  to  supply 
power  for  sawmills  which  have  long  since  ceased  to  be  operative 
through  lack  of  timber  supply. 

The  fall  at  Grand  Rapids  aggregates  18  feet,  and  the  available 
power  could  be  greatly  increased  by  constructing  a  new  dam,  increas- 
ing the  head,  and  concentrating  the  entire  flow  in  one  wheel  pit,  for 
the  generation  of  electricity.  It  is  estimated  that  an  average  of  2,200 
horsepower  net  can  be  obtained  8  months  of  the  year,  from  Maj'  to 
December,  while  during  the  four  spring  months  a  minimum  of  3,200 
horsepower  will  be  available,  with  the  exception  of  a  few  days,  when 
the  head  will  be  reduced  by  backwater  to  6  feet  or  less.  The  plan 
contemplates  the  erection  of  a  12-foot  concrete  dam,  the  construction 
of  a  power  canal  along  the  stream  bed,  and  the  excavation  of  the  tail- 
race  channel  2^  feet  below  the  present  bed  of  the  river.  It  would 
admit  of  the  filling  in  of  the  present  power  canals  and  the  reclama- 
tion of  valuable  land  along  the  river  front.  ^ 

The  available  power  of  the  main  stream  is  for  the  most  part  utilized. 
It  is  stated  that  a  site  exists  between  Lyons  and  Portland  where  a 
head  of  12  feet  could  be  obtained  by  the  erection  of  a  dam  10  feet 


1  Report  on  Development  of  Water  Power,  Grand  Rapids,  Michigan.   Rae  and  Monroe,  Chicago^ 
1889. 
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high.  A  dam  is  also  contemplated  at  Delta,  7  miles  downstream  from 
Lansing,  where  a  fall  of  7  feet  is  available. 

Four  miles  above  Lowell,  Flat  River  forms  a  bend  5  miles  in  cir- 
cumference. The  natural  difference  in  elevation  of  the  stream  at  the 
two  ends  of  the  loop  is  11  feet.  By  building  a  dam  20  feet  high  on  the 
upstream  side,  and  carrying  the  water  across  the  neck  of  the  bow,  a 
head  of  30  feet  could  be  obtained,  which  would  yielcl  a  minimum  of 
1,000  horsepower. 

On  Rogue  River,  1  mile  below  Childsdale,  a  dam  could  be  erected 
which  would  afford  a  head  of  20  feet.  Other  unimproved  privileges 
are  at  Fallassburg  on  Flat  River,  where  a  12-foot  head  is  available 
at  Ada  and  Cascade  on  Thornapple  River,  and  at  Maple  Rapids  and 
other  points  on  Maple  River.  There  are  also  two  abandoned  powers 
on  Buck  Creek  in  the  vicinity  of  Grandville,  at  each  of  which  a  head 
of  12  to  14  feet  could  be  obtained. 

Much  of  the  available  power  on  tributaries  of  Grand  River  is,  how- 
ever, of  little  value,  owing  to  irregular  flow,  limited  supply,  and 
remoteness  from  population  centers. 


MUSKEGON  RIVER,   MICHIGAN. 

The  drainage  basin  of  this  stream  lies  immediately  north  of  that  of 
Grand  River.  Originally  it  was  covered  with  pine  timber,  but  now 
it  is  almost  entirely  q^leared.  Much  of  the  soil  is  sand  and  gravel, 
unfit'  for  profitable  cultivation.  Large  stump-covered  areas  form  a 
conspicuous  feature  of  the  topography.  The  drainage  areas  tributary 
to  the  stream  are  given  in  the  following  table: 

Drainage  areas  of  Muskegon  River  and  tributary. 


Muskegon  River 

Clam  River 

Muskegon  River 

Do 

Do 

Do 


Above  Clam  River 

Above  month 

Below  Clam  River 
Above  Big  Rapids 
Abovo  Newaygo . . 
Above  mouth 


Sq.  mi 

'87 
807 
1,094 
1,764 
2,852 
2.668 


In  March,  1901,  a  station  was  established  at  the  dam  of  the  Newaygo 
Portland  Cement  Company.  This  dam  crosses  Muskegon  River  in  a 
deep  valley  above  the  village  of  Newaygo.  It  is  of  timber,  having 
framed  cribs  filled  with  stone.  Its  height  is  21  feet;  it  rests  on  a 
hardpan  foundation,  and  is  considered  to  be  practically  water  tight. 
It  is  provided  with  a  main  spillway,  with  logways,  and  with  four 
floodways.  The  floodways  are  provided  with  Taintor  segmental  flood 
gates,  which  are  operated  by  a  traveling  crab.  A  record  is  kept  of 
the  time  and  amount  of  opening  of  the  flood  gates  and  logways,  as 
well  as  of  the  depth  of  water  on  the  crests  of  the  spillways.  Ordi- 
narily the  flood  gat€s  and  logways  are  closed,  and  the  entire  flow 
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passes  over  the  main  spillway  or  through  the  turbines.  Water  is 
carried  from  the  pond  to  the  power  house  by  a  short,  headrace  sepa- 
rated from  the  stream  channel  by  a  crib  breakwater. 

The  power  house  contains  two  pairs  of  35-inch  Leffel  standard  tur- 
bines on  horizontal  shafts.  The  water  wheels  are  donnected  to  elec- 
trical generators  by  endless  rope  drives.  The  power  will  be  used  for 
driving  machinery  in  the  adjoining  cement  mills,  and  the  load  and 
consequent  discharge  of  the  turbines  will  be  fairly  constant.  The 
record  kept  for  the  water  wheels  includes  working  head,  hours  run 
per  day,  and  average  width  of  gate  opening  for  each  pair  of  wheels, 
as  indicated  by  the  Lombard  governors. 

A  gaging  of  Muskegon  River  at  Big  Rapids  was  made  August  27, 
1881,  by  Frederick  P.  Stearns,  civil  engineer,  and  the  discharge  was 
found  to  be  877  second-feet.  This  amount  is  taken  as  the  ordinary 
flow,  and  is  used  in  partitioning  the  water  power  among  the  several 
privileges  at  Big  Rapids. 

The  Newaygo  dam  is  the  first  one  above  the  mouth  pf  the  stream. 
An  effective  head  of  14  feet  is  obtained  there.  Power  is  also  developed 
at  Big  Rapids,  where  there  are  two  dams.  The  lower  dam  is  a  rough 
timber  structure,  built  with  a  view  to  its  use  in  log  driving.  One 
hundred  and  seventy-two  horsepower  is  now  in  use  for  the  genera- 
tion of  electricity,  the  head  obtained  being  8  feet.  At  the  upper  dam  in 
Big  Rapids  power  is  distributed  through  two  lateral  hydraulic  canals. 
The  total  flow  is  estimated  as  equivalent  to  the  discharge  through  an 
orifice  of  6,758  square  inches  area  under  a  head  of  8  feet,  with  a 
coefficient  of  contraction  of  0.7.  Each  user  is  entitled  to  install 
wheels  having  a  certain  number  of  square  inches  vent.  The  head 
varies  from  6^  to  11  feet,  the  average  or  ordinary  head  being  8  or  9 
feet.  The  rated  power  of  the  turbines  installed  is  668  horsepower. 
It  is  stated  that  but  350  horsepower  is  actually  in  use.  The  power 
utilized  at  Newaygo  and  Big  Rapids  aggregates  1,000  horsepower. 
Aside  from  the  foregoing,  there  is  no  power  developed  within  the 
drainage  basin,  except  in  a  small  way  on  certain  tributaries. 

From  the  vicinity  of  Evart  to  Newaygo,  Muskegon  River  fiows 
between  high  banks,  and  has  a  rapid  fall.  Levels,  which  have  been 
run  for  this  purpose,  show  that  within  a  distance  of  10  miles,  5  miles 
each  way  from  Big  Rapids,  there  is  a  total  fall  of  104  feet.  Of  this 
16  feet  is  now  utilized,  leaving  an  available  fall  of  88  feet.  There 
are  favorable  sites  for  the  location  of  dams,  so  that  practically  the 
entire  fall  could  be  economically  developed.  At  Rogers's  bridge,  6 
miles  below  Big  Rapids,  surveys  have  been  made  for  the  erection  of 
a  dam  to  give  a  head  of  35  feet. 

In  connection  with  power  development,  good  opportunities  exist 
for  the  conservation  of  flow  by  artificial  storage.  The  water-surface 
areas  of  the  principal  lakes  of  the  watershed  and  of  the  tributary 
drainage  which  they  control  is  given  below. 
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Drainage  aiid  surface  areas  of  lakes  in  Muskegon  River  watershed. 


Lake. 


Drain- 
age area. 


Muskrat  Lake  and  gronp 

Clam  Lakee 

HigginsLake 

HoQffhton  Lake  (not  indnding  Higgins  Lake) 
Higginsand  Honghton  lakes 


Water 
snrfaoe. 


Sq.milea.  Sq.milea. 

67  I  8.0 

87  6.7 

e7  16.U 

185  31.0 
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46.0 


In  the  upper  portion  of  the  watershed  there  is  a  total  lake  area  of 
about  110  square  miles.  Formerly  a  lumbermen's  dam  was  main- 
tained for  the  purpose  of  flooding  logs  between  Houghton  and  Higgins 
lakes,  but  this  has  been  washed  out.  A  properly  constructed  dam 
at  this  site  would  flow  an  area  of  15  square  miles  and  would  yield  a 
storage  of  400,000,000  cubic  feet  per  foot  of  depth.  A  lumbermen's 
dam,  built  of  logs  and  earth,  which  still  remains  about  a  mile  below 
the  foot  of  Houghton  Lake,  raises  the  water  level  in  that  lake  4  feet, 
providing  a  storage  of,  in  round  numbers,  3,350,000,000  cubic  feet. 
Thomas  H.  Coughlin,  superintendent  of  the  Muskegon  Booming  Com- 
pany, states  that  a  dam  could  be  constructed  at  this  site  which  would 
admit  of  a  total  storage  8  feet  in  depth  and  would  greatly  increase  the 
flooded  area  over  that  of  the  present  lake. 

HURON  RIVER,   MICHIGAN. 

This  river  receives  drainage  from  a  broad,  flat  basin  interspersed 
with  lakes,  situated  in  southeastern  Michigan.  The  inland  basin  is 
connected  with  Lake  Erie  by  a  long,  narrow  valley,  in  which  occurs  a 
large  portion  of  the  fall  and  available  power  of  the  stream.^  A  gaging 
station  has  been  established  at  Ann  Arbor,  under  the  immediate 
charge  of  Prof.  J.  B.  Davis,  of  the  University  o^  Michigan.  Current- 
meter  measurements  are  made  from  a  temi)orary  bridge  or  by  fording. 
The  stream  at  this  point  is  winding.  It  flows  in  a  shallow  channel, 
and  ordinarily  does  not  overflow  its  banks.  The  bed  is  generally  of 
gravel.  The  river  usually  freezes  over  during  the  winter,  except 
immediately  below  the  dams.  Natural  storage  in  the  numerous  lakes 
and  marshes  regulates  the  flow  to  some  extent.  The  character  of  the 
watershed  has  changed  somewhat  in  recent  years.  Areas  of  tama- 
rack swamp  lands,  the  soil  of  which  was  formerly  a  quaking  bog,  have 
been  cleared  and  drained  and  are  now  under  cultivation.  The  drain- 
age area  above  the  mouth  of  the  river  is  1,043  square  miles;  above 
Ann  Arbor  it  is  841  square  miles.  A  gaging  of  the  bank-full  flow  of 
the  stream  at  the  Geddes  dam,  3  miles  below  Ann  Arbor,  was  made  by 
Professor  Davis,  and  the  estimated  discharge  was  1,200  second-feet. 
The  Geddes  dam  has  a  flat  crest  and  is  practically  water  tight.     The 


^  A  report  on  the  water  power  of  Huron  River,  by  James  T.  Greenleaf,  C.  E.,  was  published  in 
the  Tenth  Census  of  the  United  States,  VoL  XVI,  Water  Power,  Pt.  I,  pp.  443^195. 


252         OPERATIONS    AT   RIVER   STATIONS,    1900. PART   IH.        [wo.  49. 

length  of  the  crest  is  200  feet  and  the  depth  of  water  on  the  crest  at 
the  time  the  measurement  was  made  was  1.7  feet. 

THUNDER  BAY  RIVER,  MICHIGAN. 

Thunder  Bay  River  is  joined  by  two  large  branches  8  and  10  miles 
above  its  mouth,  respectively.  These  branches,  as  well  as  the  main 
stream,  are  further  subdivided  at  short  distances  upstream,  so  that 
the  river  is  of  relatively  small  magnitude,  except  for  a  few  miles 
near  its  mouth,  where  occurs  the  outcrop  of  the  Traversie  shales. 
It  is  in  passing  over  this  rock  ledge  that  the  most  rapid  fall  of  the 
stream  occurs.  The  drainage  area  was  formerly  heavily  timbered  with 
Michigan  pine.  Most  of  the  pine  has,  however,  been  cut,  but  a  large 
amount  of  small  conifers,  hard  woods,  white  birch,  and  cedar  remains, 
so  that  the  watershed  may  be  considered  as  representing  a  forested 
rather  than  a  cleared  area.  A  record  of  precipitation  is  kept  at  Alpena, 
near  the  mouth  of  the  stream.  The  outcrop  of  the  Traverse  and  St. 
Clair  shales  crosses  the  watershed  in  a  northeast-southwest  direction, 
crossing  the  river  channel  a  few  miles  west  of  Alpena.  The  surface 
above  the  line  of  this  outcrop  is  almost  continuous  limestone,  com- 
posed of  calcium  carbonate  of  96  to  98  per  cent  purity,  small  areas 
being  covered  with  sand  or  with  thin  drift  deposits. 

No  water  powers  of  importance  have  been  developed  on  either 
of  the  branches.  On  the  main  stream  there  are  two  power  dams. 
The  lower  one,  which  is  at  Alpena,  was  constructed  in  1862.  It  is 
1  mile  from  the  head  of  Thunder  Bay,  an  arm  of  Lake  Huron.  The 
river  is  navigable  to  the  dam,  forming  a  harbor.  The  dam  and 
privileges  of  the  river  are  owned  jointly  by  the  Alpena  Waterworks 
Company  and  the  Alpena  Booming  Company.  The  water  wheels 
installed  have  a  rated  capacity  of  864  horsepower  under  a  head  of  9 
feet.  The  power  is  used  for  pumping  the  municipal  water  supply 
and  for  the  generation  of  electricity.  The  second  dam  is  at  the  mill 
of  the  Fletcher  Paper  Company,  4  miles  above  Alpena,  and  2,000 
horsepower  is  developed  from  a  fall  of  17  feet.  The  only  dams  above 
the  Fletcher  mills  are  those  used  for  floating  logs.  Spruce  dam,  at 
Long  Kapids,  gives  a  head  of  7  or  8  feet.  At  Lower  Rapids  a  head 
of  20  feet  could  be  obtained  by  the  construction  of  a  dam. 

The  drainage  basin  of  Thunder  Bay  River  contains  thirty  lakes,  with 
an  average  area  of  about  1  square  mile.  In  addition  to  these  is  Hub- 
bard Lake,  which  has  a  water  surface  of  13.4  square  miles.  A  timber 
dam  at  the  foot  of  the  latter  lake  produces  a  storage  depth  of  5  feet, 
with  an  aggregate  storage  capacity  of  1,867,500,000  cubic  feet,  equiva- 
lent to  a  flow  of  68  second-feet  for  thirty  days.  A  similar  dam  at  the 
foot  of  Beaver  Lake  gives  a  storage  depth  of  6  feet.  The  water  from 
Beaver  Lake  is  used  chiefly  for  driving  logs. 

The  limestone  area  contains  numerous  sink  holes,  often  deep  and 
precipitous.    Surface  water  entering  these  pits  disappears  with  greater 
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or  less  rapidity  by  finding  outlets  to  a  lower  level  through  limestone 
fissures.  Such  a  pocket,  known  as  Sunken  Lake,  is  located  near  the 
north  branch  of  Thunder  Bay  River,  and  it  absorbed  the  entire  flow 
of  that  tributary,  involving  a  considerable  loss  to  power  users,  until, 
in  1900,  a  clay  puddle  dam  was  constructed  across  the  channel  lead- 
ing from  the  stream  to  the  sink  hole  in  such  a  manner  as  to  turn  the 
water  down  its  original  channel.  Owing  to  the  pervious  nature  of  the 
rock  strata  the  effective  and  apparent  boundaries  of  the  watershed 
may  differ  materially. 
The  drainage  areas  tributary  to  the  stream  are  as  follows: 

^•t linage  areas  of  Thunder  Bay  River  and  tributaries. 


stream. 


Sotith  Branch 

North  Branch 

Thunder  Bay  Blver 

Do 

Do 

HnbbardLake , 

Do 


Location. 


Above  mouth 

do 

Above  mouth  of  North  Branch. 
Above  mouth  of  South  Branch  . 

At  Alpena 

(Water  surface) 

(Drainage  area) 


Area. 


So. miles, 
454 
199 
680 


•*89 


1,387 
134 
148 


A  gaging  station  has  been  established  in  connection  with  the  dam 
and  mill  of  the  Fletcher  Paper  Comi)any.  The  record  kept  includes 
the  depth  flowing  over  the  main  dam  and  logway  and  the  discharge 
through  the  turbines.  There  are  four  pairs  of  Trump  Model  wheels 
set  on  horizontal  shafts.  The  water  wheels  are  not  run  otherwise 
than  at  full  gate.  The  dam,  which  is  of  timber  crib  work  filled  with 
stone,  is  on  a  limestone  rock  foundation  and  is  20  feet  high  and  454 
feet  long  between  abutments.  A  log  slide  divides  the  spillway  into 
two  sections.  The  slide  has  a  channel  6  feet  in  width  and  is  closed 
by  plank  flashboards  to  an  elevation  of  1  foot  above  the  crest  line. 
The  spillway  has  a  vertical  face  and  a  crest  4  feet  in  width,  sloping 
upstream,  with  a  batter  of  1  vertical  to  5  horizontal.  The  upstream 
face  of  the  dam  has  a  batter  of  about  3  horizontal  to  1  vertical.  The 
left  section  of  the  spillway  is  255^  leet  long.  The  flat  crest  is  covered 
with  sheet  iron,  slightly  rounded  at  the  lip.  The  right  spillway  sec- 
tion is  181.7  feet  in  length,  and  the  crest  is  faced  with  planking. 

ST.  JOSEPH  RIVER,  MICHIGAN. 

St.  Joseph  River  rises  at  Bunday  Hills,  in  northerh  Hillsdale  County, 
Michigan,  flows  southwesterly  into  Indiana,  turns  northward  at  South 
Bend,  recrosses  the  State  line  near  Bertrand,  and  debouches  into 
Lake  Michigan  at  St.  Joseph.  The  total  area  drained  is,  approxi- 
mately, 4,586  square  miles,  of  which  2,916  square  miles  are  in  Michi- 
gan and  1,670  square  miles  in  Indiana.  The  drainage  basin  contains 
more  than  400  small  lakes,  vaiying  in  surface  area  from  an  eighth  of 
a  square  mile  to  6  square  miles.     Of  these,  approximately  100  are  in 


254         OPERATIONS    AT   RIVER   STATIONS,    1900. ^PART   IH.        Lko.  49. 


Indiana  and  300  in  Michigan.  No  storage  is  developed  on  the  stream. 
The  drainage  areas  of  the  river  and  its  more  important  tributaries 
are  given  in  the  following  table : 

Drainage  areas  of  St.  Joseph  River  and  its  tributaries. 


Stream. 


St.  Joseph  River 

Prairie  River 

Portaare  River... 

Rack  River 

St.  Joseph  River 

Do 

Dowagiac  River. 
St.  Joseph  River 

Do 

Pawpaw  River  .. 
St.  Joseph  River 


Location. 


Above  Three  Rivers. 

Above  month 

do 


-do 


Below  Three  Rivers 

Above  Niles 

Above  month 

Below  month  of  Dowagiac  River 
Above  month  of  Pawpaw  River  . 

Above  month 

Below  month  of  Pawpaw  River.. 


Area. 


Slq.  miUiL 
863 
164 
178 
213 
1,417 
3.616 
281 
3,898 
4,157 
429 
4,586 


The  drainage  basin  lies  in  a  completely  glaciated  region,  and  is 
overlain  with  diversified  drift  deposits.  The  current  of  the  river 
from  South  Bend  to  its  mouth  was  formerly  reversed,  and  this  valley 
formed  an  outlet  for  the  waters  of  Lake  Michigan,  which  turned  to 
the  southwest,  through  Kankakee  River,  at  South  Bend,  and  thus 
reached  the  Mississippi  through  Illinois  River.  Leverett  states  ^  that 
there  is  still  a  well-defined  river  channel  connecting  St.  Joseph  River 
with  the  Kankakee,  the  surface  of  which,  where  it  leaves  the  St. 
Joseph,  is  but  45  or  50  feet  above  the  present  low-water  surface  of 
that  stream.  The  watershed  of  St.  Joseph  River  in  Michigan  con- 
tains relatively  little  marsh  land  not  artificially  drained  and  rela- 
tively little  uncleared  land.  About  a  third  of  the  lakes  are,  however, 
without  outlets.  The  proportion  of  undrained  lakes  in  Indiana  is 
smaller,  and  the  swamp  lands  are  much  more  extensive. 

Elkhart  River,  one  of  the  principal  Indiana  tributaries  of  the  St, 
Joseph,  drains  an  area  of  about  500  square  miles  which  contains 
large  lakes  and  extended  swamp  areas,  with  the  principal  fall  occur- 
ring in  the  passage  of  the  stream  from  marsh  to  marsh. 

St.  Joseph  River  was  formerly  navigable  for  boats  as  far  as  Elkhart, 
or  perhaps  above,  and  the  older  dams  were  provided  with  locks,  long 
since  abandoned  and  closed.  Prof.  James  Du  Shane  is  of  the  opinion 
that  at  the  present  time  the  low- water  depth  of  the  river  over  the  rap- 
ids is  from  1^  to  2  feet.  A  rise  of  5  feet  represents  ordinary  high 
water,  and  a  rise  of  8  feet  represents  extreme  high  water.  Within  the 
last  twenty-two  years  two  freshets  have  occurred  which  raised  the 
water  in  some  portionsof  the  river  higher  than  here  given.  The  aver- 
age width  from  bank  to  bank  is  400  feet,  and  the  average  slope  from 
Elkhart  to  Berrien  Springs  is  2.1  feet  to  the  mile. 

The  first  water-power  mill  in  southwestern  Michigan  was  constructed 
by  Eli  Ford,  in  1827,  on  Dowagiac  Creek,  near  its  confluence  with  St. 


1  Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  Eighteenth  Ann.  Bept.  U.  S.  Oeol. 
Survey,  Pt.  IV,  p.  438. 
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Joseph  River,  at  Niles.  This  mill,  known  as  the  Volante  mill,  has 
been  in  operation  since  1828.  Power  development  on  St.  Joseph  River 
began  at  a  somewhat  later  date.  Tie  dam  at  Niles  was  built  about 
1856.  At  South  Bend  the  power  was  developed  by  the  South  Bend 
Manufacturing  Company,  and  was  sold  in  the  form  of  rights  to 
the  flow  through  wheels  of  a  certain  number  of  square  inches  vent 
under  the  available  head.  The  dam  is  10  feet  high,  with  lateral 
IX)wer  canals  on  each  side.  Under  an  order  of  the  court  the  water  is 
to  be  maintained  at  a  stage  not  lower  than  6  inches  below  the  crest  of 
the  dam.  Nineteen  privileges  have  been  gran!:ed,  ^.ailing  for  a  flow 
of  3,195.0  cubic  feet  per  second  under  a  head  of  9.5  feet.  Fourteen 
of  these  privileges  are  now  in  use.  The  minimum  flow  of  the  stream 
is  usually  considered  to  be  1,000  second-feet,  but  it  is  stated  to  have 
gone  considerably  lower  during  the  months  of  July  and  August,  1895. 
At  Elkhart  there  is  a  similar  power  development,  the  flow  of  the 
stream  being  divided  among  eleven  mills.  The  power  at  Elkhart  was 
originally  divided  by  priority,  the  amount  being  specified  as  so  many 
runs  of  stone,  or  *' sufficient  for  the  purpose  of  the  mill." 

The  following  table  gives  the  principal  facts  regarding  water  power 
in  the  St.  Joseph  River  Basin,  so  far  as  reported: 

Developed  water  poivers  in  St.  Joseph  River  Basin, 


Location. 

Dam 

number. 

Number 
of  mills 
at  dam. 

Effective  head  or  fall. 

Rated 
iwwer  of 

stream. 

Greatest. 

Least. 

Average. 

water 

wheels 

reported. 

8t  Joseph  River ... 
Do 

Bnchanan 

Niles 

South  Bend 

Miflhawaka 

Elkhart       ., ,  ... 

1 
2 
3 
4 

5 
6 
7 

8 
9 
10 
1 
2 
3 
1 

2 
1 
1 
2 
1 
1 

2 

1 
1 
2 
3 
1 
1 
I 
1 
2 

3 
3 

Ftet. 

Feet. 

Feet. 
11.0 
12.0 
9.5 
10.0 
10.0 

Horse- 
potoer. 

2 

14 
3 
8 

4,018 

Do 

12.0 
11.0 
13.0 

4.6 
7.0 
6.0 

2,588 

Do 

1,780 

Do 

1,920 

Do 

Constantine 

Three  Rivers 

Below  Mendon  .. 

Burlington 

Tekonsha 

Watervliet 

Hartford 

Lawrence 

Pawpaw 

Do 

Do 

8 

10.0 

6.0 

8.5 

600 

Do 

Do 

8.6 
14.0 

6.6 
6.0 

7.6 
10.0 

89 

Pawpaw  River 

600 

Do 

South    Branch    of 

14.0 
17.0 

12.5 

13.5 
17.0 

132 

Pawpaw  River. 
Do 

do 

108 

Sprine  Brook 

Almena 

Do  wafifiac  Creek 

Niles 

2 

12.0 
14.5 

356 

Do 

Above  Niles 

Summer  ville 

Dowagiac 

Lagrange 

Elkhart 

do 

715 

Pokafl^on  Creek 

South    Branch    of 
Dowagiac  Creek. 
Do.  

10.0 

8.0 

9.0 

96 

Christiana  Creek . . . 

Elkhart  River 

8.5' 

17.0 

4.0 
10.0 

7.0 
14.5 

60 

Do 

Goshen 

2 

700 

Do 

Benton 

Portage  River 

Rocky  River 

Three  Rivers 

do 

10.6 

15.0 

10.0 

9.0 

8.5 

11.0 

5.0 

9.5 

14.0 

8.0 

9.0 

297 
459 

Swan  Creek 

Colon 

107 

Cold  water  River . . . 

Union  City 

Above    Union 
City. 

Hodunk 

Athens 

52 

Do 

Do 

Kottawa  Creek 

9.0 

6.5 

8.0 

35 
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There  are  a  number  of  undeveloped  powers  between  the  present 
dams,  and  projects  are  now  formed  to  utilize  them.  The  power  is  to 
be  used  largely  for  the  generation  of  electricity  for  transmission  to 
neighboring  towns.  A  part  of  it  will  supplement  the  power  at  exist.- 
ing  dams.  At  Berrien  Springs,  Michigan,  a  concrete  dam  30  feet  in 
height  is  proposed.  This  will  make  available  a  fall  of  20  feet.  Eight- 
een water  wheels  of  a  rated  capacity  of  7,500  horsepower  are  to  be 
installed.  This  power  is  in  sec.  18,  T.  17  W.,  R.  6  S.,  Michigan  merid- 
ian. At  Bertrand,  Michigan,  a  fall  of  12  feet  could  be  obtained  by 
the  construction  of  a  suitable  dam. 

Two  available  sites  for  dams  exist  between  Mishawaka  aAd  Elk- 
hart, Indiana.  The  former  is  in  sec.  11,  T.  38  N.,  K.  2  E.,  second 
principal  meridian,  where  a  12-foot  fall  is  available.  The  width  of 
the  river  is  about  350  feet.  The  latter  site,  called  the  Twin  Branch 
site,  is  in  sec.  12,  T.  37  N.,  R.  3  E.,  second  principal  meridian.  A 
dam  422  feet  long  is  proposed  at  this  point,  which  would  make  avail- 
able a  fall  of  21  feet. 

At  Bristol,  Indiana,  a  dam  formerly  existed,  but  it  was  washed  out. 
A  site  exists  in  sec.  31,  T.  38  N.,  R.  5  E.,  second  principal  meridian, 
where  a  faU  of  16  feet  could  be  obtained  by  the  construction  of  a  dam 
600  feet  in  length. 

At  Mottville,  Michigan,  in  sec.  6,  T  8  S.,  R.  5  W.,  Mic^^gan  meridian, 
a  fall  of  9^  feet  could  be  obtained  by  the  construction  of  a  dam  540 
feet  in  length. 

An  undeveloped  water  power  also  exists  near  Three  Rivers,  Michigan, 
in  sec.  1,  T.  6  S.,  R.  11  W.,  where  about  9  feet  fall  conld  be  obtained* 

The  available  power  of  tributaries  of  St.  Joseph  River  is  of  little 
value,  as  is  indicated  by  the  existence  of  numerous  drbandoned  sites 
where  dams  have  been  carried  away  by  freshets.  At  Ligonier,  Indiana, 
a  dam  formerly  existed  on  Elkhart  River,  but  it  was  washed  out. 
There  are  three  undeveloped  powers  on  Pawpaw  River,  in  Antwerp 
Township,  Van  Buren  County,  Michigan,  with  falls  of  9  feet,  14  feet, 
and  9  feet,  respectively. 

Arrangements  have  been  made  with  the  Berrien  Springs  Power 
Company  for  the  maintenance  of  a  record  of  flow  of  St.  Joseph  River 
at  their  plant  when  completed.  The  record  will  include  discharge 
over  the  500-foot  concret,e  dam,  and  the  run  of  water  wheels,  which 
will  be  18  in  number,  arranged  in  sets  of  three  pairs  each.  In  the 
meantime  a  temporary  gaging  station  has  been  established  at  the 
dam  of  the  Berrien  Springs  Power  Company  at  Buchanan,  Michigan, 
10  miles  above  Berrien  Springs.  The  dam  is  of  timber,  of  the  Beards- 
ley  gravity  type,  with  a  straight  crest  approximately  400  feet  long. 
It  is  9.83  feet  high,  and  is  built  on  an  earth  foundation. 

In  January,  1891,  the  following  gaging  of  St.  Joseph  River  was  made 
by  John  F.  Meighan  at  Leepers  Bridge,  1  mile  below  the  dam  at  South 
Bend: 
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Discharge  fneasurement  of  St,  Joseph  River  at  Leepers  Bridge  in  January,  1891. 

Elevatioii  of  water  surface  above  city  datum  .......  (feet) . .  7. 57 

Area  of  cross  section (square  feet) . .  1, 282 

Wetted  perimeter  .     .  (lineal  feet)..  262.91 

Hydraulic  mean  radius 4. 686 

Slope    (feet  per  foot) . -  0.000378 

Coefficient  of  roughness  in  Eutter*s  formula 0. 030 

Coefficient  c  in  Eutter's  formula 65 

Mean  velocity (feet  per  second)   .  2.735 

Discharge (second-feet)..  3,369 

The  stated  depth  of  extreme  high  water  on  the  crest  of  the  Niles 
dam  is  5  feet,  indicating  a  freshet  discharge  of  about  15,000  second- 
feet,  or  4.5  second-feet  per  square  mile.  The  extreme  high-water  flow 
over  the  Dowagiac  River  dam  at  Niles  is  stated  to  be  2  feet  depth  on 
the  crest  of  the  120-foot  spillway,  corresponding  to  a  flow  of  about 
1,2(X)  second-feet,  or  4.3  second-feet  per  square  mile,  from  a  drainage 
area  of  281  square  miles. 

KALAMAZOO   RIVER,  MICHIGAN. 

The  details  of  the  hydrography  of  this  stream  have  been  given  in 
an  earlier  report.*  The  drainage  areas  of  the  river  and  its  tributaries 
are  as  follows: 

Drainage  areas  of  Kalamazoo  River  and  its  tributaries. 


Stream. 


North  Branch  of  Kalamazoo  Riyer 
South  Branch  of  Kalamazoo  River. 
Kalamazoo  River 

Do  

Do 

Battle  Creek 

Kalamazoo  River 

Do 

Do 

J>o 


Location. 


Albion 

do 

Below  junction  of  North  and  South  branchea 

Marshall 

Above  Battle  Creek 

At  mouth 

Below  Battle  Creek 

At  Plainwell 

At  Allegan 

At  mouth 


Area. 


So.  miles. 

138 

186 

^4 

443 

608 

244 

847 

1.807 

1,608 

:i,064 


The  accompanying  table  gives  a  summary  of  the  developed  water 
powers  of  the  drainage  basin.  Most  of  the  powers  on  the  main  stream 
are  utilized.  In  1898-99  a  dam  giving  23  feet  head  was  built  between 
Allegan  and  Otsego,  to  develop  2,000  horsepower  for  electrical  trans- 
mission. This  plant  has  the  merit  of  being  the  first  large  long-dis- 
tance transmission  plant  in  the  State.*  A  portion  of  the  fall  between 
this  dam  and  Allegan  is  still  undeveloped,  and  it  is  claimed  that  a 
head  of  20  feet  could  be  obtained  bv  the  construction  of  a  dam  2 
miles  above  that  city.  Above  Otsego,  on  the  main  river,  there  are  one 
or  two  rapids  having  falls  of  several  feet  which  are  not  yet  developed. 

>  Report  on  the  run-off  and  water  power  of  Kalamazoo  River,  by  Robert  E.  Horton:  Water- 
Snpply  and  Irrigation  Paper  U.  S.  Gtool.  Survey  No.  30,  pp.  22-88. 
*  Proc.  Mich.  Bug.  Soc.  1900,  pp.  84-91;  also  Engineering  Record,  Jan.  18, 1900. 
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Developed  v^ater  powers  in  Kalamazoo  River  Basin, 


Location. 

Number 
of  dam. 

Number 
of  mills 
at  dam. 

Effective  head  or  fall. 

Ratad 
power 

of  water 
wheels 

reported 

Stream. 

Greatest. 

Least. 
Feet. 

Average. 
Feet. 

Kalf^TnA'-'^  RivAr 

Allegan 

1 
2 
3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

2 

3 

4 

1 

1 

2 

3 

1 

1 

2 

8 

1 

12 

1 
6 
5 

7 

Feet. 

Horse- 
power. 
1,150 

Do 

Above  Allegan  .... 

Otsego 

Plainwell 

23.0 

12.0 

9.0 

12.0 

2,  UK) 

Do 

1,725 

Do 

7!$6 

Do 

Battle  Creek 

do 

12 

10 

460 

Do 

Do 

Ceresoo  

8.0 

6.0 

13.0 

289 

Do 

M  arnhall ........ 

(a) 

Do 

do 

14 

12 

200 

Do  

Marengo. 

J 18 

North  Branch 

Albion 

Newbnrg  Mills 

Do 

Do 

33 

Do  

Concord 

1... 

9.0 
10.0 

118 

Do 

Horton.. — 

55 

South  Branch 

Albion 

Do 

North  Homer 

Homer 

69 

Do 

214 

Do 

Moeherville 

Marshall 

80 

Rice  Creek 

12.0 
6.0 

196 

Battle  Creek 

Balrtle  Creek 

Bellevue .  .— 

86 

Do 

Do 

Olivet 

Aairasta  Creek . . . 

OnllLakeontlet.. 

Do 

Augusta ........ 

18 
13 
12 

17 
12 
10 

18.0 
13.0 
11.0 
20.0 
11.6 

260 

Qa&sburg 

Howlandsburg 

Yorkvllle 

81 
7i) 

Do 

80 

Comstook  Creek . . 

rvktnift'/tck 

12 

22 

Portage  Creek 

Kalamazoo 

Wilder  Creek 

Eckford 

Wabaaaoon  Creek 

Bedford 

Comstook  Creek.. 

Above  Comstock .. 

2 

1 

23.0 

35 

a  Undershot  water  wheel. 

It  is  stated  that  a  dam  could  be  built  1  mile  above  the  mouth  of 
Swan  Creek,  which  enters  Kalamazoo  River  8  miles  below  Allegan, 
and  a  head  of  40  feet  be  obtained. 

During  a  portion  of  1900  a  daily  record  of  the  river  stage  was  kept 
at  Kalamazoo,  the  results  of  which  are  given  on  the  following  page. 
Earlier  records  will  be  found  in  Water-Supply  Paper  No.  30,  page  36. 
Arrangements  have  been  made  for  the  maintenance  of  a  gaging  recpixi 
at  the  electric-power  dam  at  Trowbridge,  6  miles  above  Allegan.  The 
plant  includes  four  pairs  of  45-inch  Letfel-Sampson  turbines  on  hori- 
zontal shafts.  The  gate  opening  and  discharge  of  two  pairs  are  con- 
trolled by  Lombard  governors.  The  excess  of  flow  not  taken  by  the 
turbines  is  discharged  over  a  spillway  having  three  Taintor  flood 
gates,  each  20  feet  long.  The  spillways  have  flat  crests  20  feet  in 
width,  with  slopes  of  1  to  1  on  the  upstream  and  downstream  faces. 
The  discharge  on  the  downstream  side  is  received  on  a  floating  apron 
20  feet  in  width,  which  is  anchored  to  the  flood-gate  cribs  by  chains. 
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Daily  gage  height,  in  feet,  of  Kalamazoo  River  at  foot  of  Sheldon  street,  Kala- 

mazoOj  Michigan,  for  1900, 


Day. 

Sept.  1 1    Day. 

Sept. 

1     ^ 
Day. 

Sept.  ' 

Day. 

Sept. 

1 

Day. 

Sept. 

6 

7 

8 

68.46 
68.32 
68.25 

11 

12 

18 

14 

16 

68.20 
68.15 
68.00 
67.90 
68.02 

16 

21 

26 

17 

22 

27 

18 

19 

20 

'  68.06 
67.90  ; 
67.90  , 

23 

28 

9 

24 

29 

SO 

67.90    i 

10 

68.15 

25 

1 

Note.— On  August  9  the  gage  height  was  68.50  feet. 

Daily  gage  height,  in  feet,  of  Kalamazoo  River  at  Chill  street,  Kalamazoo,  Michigan, 

for  1901, 


Day. 

Mar. 

Day. 

Mar. 

1 

1     Day. 

1 

Mar. 

'     Day. 

Mar. 

Day. 

Mar. 

16 

17 

60.86 

20 

21 

22 

71.10 

71.72 

/  72.12 

\  71.97 

28 

!  i::::::: 

i 

71.87 
71.86 
71.62 

26 

27 

71.40 

29 

30 

71.27 

18 

70.10 
70.75 

28 

71.48 

31 

19 

1 

Note.— Gage  height  on  April  1  was  70.04  feet,  and  on  April  12,  68.08  feet. 

Daily  gage  height,  in  feet,  of  Kalamazoo  River  at  extension  of  Paterson  street, 

Kalamazoo,  Michigan,  for  1900, 


1 

\    Day. 

Sept. 

Day, 

Sept. 

Day. 

1 
Sept. 

1 

Day. 

Sept. 

Day. 

Sept. 

•    1 

2 

68.71 
68.54 
68.47 
68.41 

6 

7 

8 

9 

10 

68.10 
68.28 
68.10 
88.10 
67.99 

11 

12 

67.90 

16 

17 

>VV«    wwv* 

21 

22 

28 

34 

68.20 
67.98 
67.94 
68.09 

3 

18 

18 

4 

14 

19 

■    5 

15 

20 

1 

i 

1 

1 

STREAMS   OF  NORTHERN   PENINSULA  OF  MICHIGAN. 

The  streams  of  the  northern  peninsula  of  Michigan  are  contrasted 
with  those  of  the  southern  portion  of  the  State  by  their  steep  slopes, 
rocky  channels,  and  occasional  waterfalls.  They  possess  numerous 
water  powers,  which  are  almost  wholly  undeveloped,  and  many  of 
which  are  in  close  proximity  to  the  mining  centers  of  the  iron  and 
copper  region.  Arrangements  are  being  made  for  the  establishment 
of  a  gaging  station  on  one  of  the  larger  streams. 

On  Ontonagon  River  at  Glenns  Falls  a  head  of  100  feet  could  be 
obtained,  which  would  yield  an  estimated  minimum  of  4,500  liorae- 
power.  This  is  in  sec.  31,  T.  50  N.,  R.  31  W.,  about  three-fourths  of 
a  mile  south  of  the  Victoria  mine.  Ontonagon  River  is  the  largest 
Lake  Superior  tributary  in  Michigan.  It  extends  entirely  across  the 
northern  peninsula,  and  finds  its  headwaters  in  a  region  of  numerous 
small  lakes  near  the  Wisconsin-Michigan  line.  Its  fall  is  mostly  con- 
centrated in  the  short  stretch  between  the  summit  of  the  Michigan 
Range  at  Rockland  and  its  entrance  to  Lake  Superior  at  Ontonagon. 
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Owing  to  the  lack  of  a  map  on  suitable  scale,  the  drainage  area  can 
not  at  present  be  estimated. 

Dead  River,  tributary  to  Lake  Superior  at  Marquette,  possesses  a 
fall  of  850  feet  in  a  distance  of  10  miles. 

Much  of  the  southern  slope  of  the  upper  peninsula  drains  into 
Menominee  River,  a  tributary  of  Green  Bay.  A  report  on  that  river 
was  published  in  the  Tenth  Census  of  the  United  States.^  Other 
streams  possessing  good  falls  and  opportunities  for  lake  storage  in  the 
region  of  their  headwaters  are  the  Escanaba,  Manistique,  Michigamme, 
and  Tahquemenon  rivers. 

MISSISSIPPI   RIVER  AT   ST.    PAUL,  MINNESOTA. 

Recordsof  gage  heights  are  maintained  by  the  United  States  Weather 
Bureau  at  St.  Paul,  and  are  furnished  to  the  Geological  Survey.  The 
station  is  described  in  Water-Supply  Paper  No.  36,  page  194. 

Daily  gage  height,  in  feet ^  of  Mississippi  River  at  Si.  Paul,  Minnesota,  for  I'.'OO, 


Day. 


.Tan.  '  Feb. 


Mar.  I  Apr.     May.  '  June. 


1 

3.4 

2 

1 

3.0 

3 

1 

3.2 
8.7 
3.8 
4.6 
5.0 
5.6 
5.2 
5.0 
4.8 
4.6 
4.3 
4.2 
4.1 
4.0 
4.4 

4 

a4.4 

5 

0 

a6.3 

a3.2 

^   .............. 

8 

9 

10 

1      ! 

11 

, 

12 1 

13 '  a3.9 

U 

a  5.1 

a  3*  7" 

15 ! 

16 ! 

17 

18 

4.6 

19 

4.8 
4.6 

20 , 

3.6 

21 o8.8 

4.4 

22 i 

a3.7 

4.2 
4.0 
4.0 

23 

24 

25 

1 

4.0 

28 

1  

8.9 
8.8 
3.8 
3.8 
3.7 

27 

28 

....... 

a3.2 

29 

30 

a3.6 

31 

a3.7 

3.7 
3.7 
3.8 
3.8 
3.8 
3.7 
3.5 
3.4 
3.3 
8.5 
3.2 
3.0 


2. 
2. 
2. 
2. 
2. 
2. 
2. 


2.6 
2.5 
2.7 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
3.2 
3.3 
3.3 


3.2 
3.0 
2.9 
2.7 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
1.8 
1.8 
1.9 
1.9 
1,5 
1.5 
1.4 
1.3 
1.8 
1.2 
1.2 
1.2 
1.2 
1.2 
1.0 
1.0 
1.0 
.9 
.9 
.8 


July. 


0.8 
.7 
1.0 
2.0 
2.6 
2.9 
2.9 
3.0 
2.9 
2.9 
2.8 
28 
3.0 
3.0 
2.8 
2.8 
2.6 
2.6 
2.8 
2.2 
2.2 
2.2 
2.2 
2.1 
1.8 
1.5 
1.1 
1.1 
1.3 
1.0 
1.0 


Aug. 

Sept. 

Oct. 

Nov. 

1.1 

5.4 

5.8 

4.5 

1.2 

6.3 

5.8 

4.5 

1.2 

5.0 

6.9 

4.5 

1.2 

4.8 

6.9 

4.5 

1.0 

4.7 

6.3 

4.6 

1.0 

4.5 

6.5 

4.6 

1.0 

4.2 

6.6 

4.6 

1.1 

4.0 

6.3 

4.5 

1.2 

3.9 

6.2 

4.4 

1.5 

4.2 

6.0 

4.8 

2.2 

4.4 

5.9 

4.2 

2.8 

5.3 

6.8 

4.1 

2.9 

6.8 

6.7 

4.0 

8.5 

5.7 

5.7 

8.8 

3.7 

5.5 

6.4 

8.6 

4.0 

5.3 

6.3 

2.7 

4.2 

5.2 

6.3 

2.1 

4.3 

6.1 

5.8 

2.0 

4.2 

5.0 

5.2 

2.0 

4.0 

5.2 

6.1 

2.1 

3.8 

6.6 

6.0 

2.1 

8.7 

5.7 

4.8 

2.1 

3.7 

5.9 

4.8 

2.0 

3.9 

6.9 

4.6 

1.9 

4.1 

6.0 

4  6 

1.6 

4.5 

6.0 

4.6 

1.3 

4.7 

6.0 

4.8 

1.8 

6.0 

6.0 

4.6 

2.1 

5.4 

6.9 

4.6 

2.0 

6.6 

6.8 

4.6 

2.0 

5.4 

4.8 

....... 

Dec. 


2.0 

2.0 
2.0 

2.8 
2.3 
2.3 
1.9 
1.9 
1.8 
i.4 
3.6 
3.5 
2.8 
1.8 
2.6 
2.4 
2.7 
3.3 
3.0 
2.7 
2.4 
23 

(b) 

(b) 
ib) 
(b) 
(b) 
aS.l 


a  Approximate;  river  frozen. 


b  River  frozen. 


WEST  GALLATIN   RIVER   NEAR   8ALESVILLE,  MONTANA. 

This  station,  which  was  established  in  July,  1895,  is  located  at  the 
highway  bridge  crossing  the  stream  about  5  miles  south  of  Salesville. 
It  is  described  in  Water-Supply  Paper  No.  36,  page  195.  Results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 


1  Vol.  XVil,  Water  Power,  Pt.II.pp.  71-81. 
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Report,  Part  IV,  page  184.     During  1900  the  following  discharge 
measurements  were  made  under  the  direction  of  Samuel  Fortier : 

Discharge  measurements  of  West  Gallatin  River  near  SalesvUle,  Montana, 


Date. 


1900. 

May  23 

Jxme7 

Do 

JnnelS 

Jane  24 


Gajre       Dis-    |; 
height,  charge.; 

Feet. 
4.86 
5.90 
5.90 
4.72 
4.51 

Sec.-ft. 
1,944  , 
3.727 
3,796 
2.028 
2,099  1 

Date. 


1900 
July  12 

August  15 

August  25 


Gaee 

leignl 


e 
heiglit. 


Dis- 
charge. 


Feet. 
3.61 
3.60 
3.10 
3.16 


Sec. 


V,i 

842 
512 
526 


Daily  gage  height,  in  feet,  of  West  Gallatin  River  near  Salesmlle,  Montana,  for 

1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

3.30 
3.40 

May. 

June. 

July. 

Aug. 

Sept. 

3.00 
3.00 
3.00 
3.20 
3.20 
3.20 
3.20 
3.16 
3.00 
3.00 
3.00 
2.90 
3.00 
3.00 
3.10 
3.00 
3.00 
3.10 
3.10 
3.10 
3.10 
3.00 
3.20 
3.10 

Oct. 

3.20 
3.20 
3.10 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
2.90 
3.00 
3.10 
a  in 

Nov. 

Dec. 

1 

>* 

8.40 

------ 

4.00 
4.10 

6.15 '4.10    3.20 
a  fln    1  in    »  an 

3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.00 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.80 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.80 
2  80 

3 

3  40 

1  2fk    H  in  1  s  on    »  an 

2  85 

4 

3.40    4.60    A  6n  ;  R  7(\  ,  »  sa 

2  00 

5 

6 

3.80 

3.50     4.70 
3.60     A  IK 

6.65    3.70!  3.23 
6.90    .^  7n    s  in 

3.00 
3  00 

1.  «...•••.  ••••«••••••••..• 

3.10 

8.80 
8.60 
3.50 
8.50 
3.50 
3.50 
3.50 

4.95 

R.h^ 

3. 70    3. 10 
3.70    3.10 
3.70  :  8.10 
8.60    3.10 
3.60    3.10 
3.60     3.10 
3.50    3.10 
3.50    3.10 
3.50  '  3.10 
3.40    3.10 
3.40  ,  3.13 

3.40   

3.40    810 
3.40    9  in 

3  00 

h 

9 

8.30   '...'..'. 

5.05  )  6.25 
5.15    6.30 
5.55     6.15 
6.05  1  A  4.*! 

2.90 
2.90 
2  00 

10 

*:  ■■' 

11 

2  90 

12 

8.00 

3.10 

6.06 

6.55 
R  an 

5.50 
5.55 
5.55 
5.75 
5.50 
5.30 
.n  IK 

2  90 

13 

2.90 

14 

3.50 

2  90 

15 

W 

3.20 

^ 

...... 

3.60  '  5.26 
3  60     5  15 

2.90 
2  85 

17 

: 

3.50  ;  5.15 
3. 60     ■'t  9t\ 

2  80 

1.^ 

1 

2  80 

19 

3.70 
3.85 

5. 00    a  an 

2.80 

3ti 

3.10 

5.10 
5.15 

a  4t) 

5.25 
5.30 
5.20 
5.20 
.K  «0 

2.80 

21 

22 

8.'26" 

3.20 

4.00 
4.16 

8.90 
3.40 

3.10 
a  in 

2.80 
2  80 

23 

4.35    5.45 
4.06  ,  5.65 

3.30    am 

2  80 

24 

3.30 
3.30 
3.30 
3.35 
3.30 
3.20 
3.28 
3.30 

3.13 
3.13 
3.20 
3.15 
3.15 
3.15 
3.10 
3.00 

2.86 

25 

1 

3.90  1  5.75  ,  4.70 
4.00     6.25     4.70 
4  00     6  75  :  4  40 

3. 10  !  a  i5 
3.10  3.10 

3  10  1  a  nn 

2.S6 

26 

i 

2.80 

•>- 

1 

2  80 

28 

29 

8.20  « »• 

4.10     6.90  14.20 
4.10     A  iA  1  I  9f) 

3.20 
3.10 
3.13 

2.90 
2.90 
3.00 
3.00 

2.80 
2  80 

30 

1 

4.00 

6.45 
6.05 

4.10 
...... 

2.80 

31 

2.78 

■ 

MIDDLE  CREEK  NEAR  BOZEMAN,   MONTANA. 

This  station,  which  was  established  August  3,  1895,  is  located  in 
Middle  Creek  Canyon,  9  miles  from  Bozeman.  It  is  described  in 
Water-Supply  Paper  No.  36,  page  196.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
183.  During  1900  the  following  measurements  of  discharge  were 
made  under  the  direction  of  Samuel  Fortier: 

May  22:  G^ge  height,  0.57  foot;  discharge,  211  second-feet. 
June  5:  Gage  height,  0.90  foot;  discharge,  366  second-feet. 
Jane  18:  Ghige  height,  0.60  foot;  discharge,  248  second-feet. 
June  24:  Gage  height,  0.60  foot;  discharge,  241  second-feet. 
July  7:  Gage  height,  0.26  foot;  discharge,  104  second-feet. 
Angnst  15:  Gage  height,  0.02  foot:  discharge,  51  second-feet. 
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Daily  gage  height,  in  feet ,  of  Middle  Creek  near  Bozeman,  Mcnitana,  for  1900, 


Day. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


June. 


July.:  Aag. 


0.30 
.30 
.20 
.20 
.30 
.20 
.20  i 
.30 
.30  i 

.30 
.30  I 
.20 
.20  I 
.20 
.30 
.20 
I 


0.10 
.10 
.10 
.10 
.20 
.10 
.10 
.10 
.10 
.06 
.06 
.04 
.06 
.08 
.02 
.02 


Sept. 


0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Oct. 


0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Day. 


17 

18 

0.60 

19 

.50 

20 

.60 

21-.., 

22 

.80 
.60 

23 

.90 

24 

.60 

25 

.00 

26 

.60 

27 

.50 

28 

.50 

29 

.40 

30 

.30 

31 

»*»••* 

Jane. 


July. 


0.2U 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.20 
.10 
.10 
.20 
.10 
.10 
.10 


Aug. 


0. 


02 
02 
02 
02 
02 
01 
01 
01 
01 
01 
01 
01 
01 
00 
00 


Sept   Oct 


0.00 
.00 
.01 
.01 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Note.— This  station  was  dLsoontinued  in  1809,  but  was  reopened  on  June  18, 1900.    It  was  closed 
for  the  winter  on  October  13. 

GALLATIN  tllVER  AT  LOGAN,  MONTANA. 

This  station,  which  was  established  August  24,  1893,  by  F,  H. 
Newell,  is  located  on  the  bridge  of  the  Northern  Pacific  Railroad 
crossing  the  river  at  Logan.  It  is  described  in  Water-Supply  Paper 
No.  36,  pages  197  and  198,  where  will  also  be  found  the  results  of 
measurements  for  1899.  During  1900  the  following  measurements  of 
discharge  were  made  under  the  direction  of  Samuel  Fortier: 

Discharge  measurements  of  Gallatin  River  at  Logan,  Montana, 


Date. 


1900. 

May  29 

June  16 

June  28 

June  28 

July  16 


Gaee 

Dis^ 

height. 

chargre. 
Sec-feet. 

Feet. 

3,91 

4,630 

2.82 

1,966 

1.61 

1.066 

1.22 

744 

.40 

239 

1900. 

August  13 

September  4 

October  15 

October  16 


Dis- 
charge. 


Sec.'feet. 
349 
445 
600 
596 
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DaUy  gage  height  ^  infect,  of  Gallatin  River  at  Logan,  Montana,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
1.40 

May. 

June. 

July. 

Anflr. 

Sept. 

0.70 
.70 
.80 
.80 
.80 
.80 
.80 
.80 

Oct. 

Nov. 

Dec. 

1 

2.00 

3.50 
3.50 
8.70 
8.70 
8.75 
8.90 
8.85 
3.60 
3.40 
3.25 
2.75 
2.60 
2.50 
2.35 
2.15 
2.00 
2.00 
1.90 
1.70 
1.70 
1.55 
1.60 
1.50 
1.50 
1.40 
1.40 
1.30 
1.20 
1.10 
1.00 

1.00 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.70 
.60 
.60 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
.60 
.50 
.50 
.60 

0.60 
.50 
.50 
.50 
.50 
.50 
.50 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.70 
.70 
.70 
.70 
.70 
.70 

0.90 
.90 
.90 
1.00 
1.05 
I.IO 
1.10 
1.10 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.15 
1.35 
1.50 
1.55 
1.50 
1.40 
1.30 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 

2 

1.40    2.00 
1.40    2.05 
1.40    2.80 
1.40    2.ao 

MO 

3 

4 

l.SX) 

1.10 
1. 10 

5 

1.10 

6 

1.40 
1.40 
1.40 

2.50 
2.80 
2.70 
2.80 
3.05 
3.35 
3.00 
3.70 
3.25 
3.15 
3.00 
3.00 
3.00 

1.10 

1.50 

1.80 

1.10 

8. 

I.IO 

9 

1.40 

.80     1.00 

1.10 

10 

11 

i.ao 

1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.60 
1.50 
1.60 

.80 
.80 
.80 
.80 
.80 
.80 
.80 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

too 

1.00 
1.00 

12 

1.00 

13 

1.00 

14 

"(a)"'  i.40 

1.00 

15 

1.00 

16 

1.00 

17 

l.dO 

.80     1.00 
.80  1  1.00 
.90  ,  1.00 
.90     1.00 
.90     1.00 

1.00 

18 

1.00 

19 

1.60  1  3.00 
1.60  i  3.00 
1.60     3.00 
1.60  1  3.00 

1.00 

30 

1.00 

21 

(a) 

1.60 

1.00 

•M 

.90 
.90 
.90 
.90 

1.00 
1.00 
1.00 
1.00 

1.00 

23 

1.80 

3.00 
3.05 
3.30 
3.40 
3.75 
4.00 
4.00 

1.00 

34 

25 

1.50 

1.90 
2.00 
2.05 
2.00 
2.00 
2.00 

1.00 
1.10 

36 

1 

.90     1.00 
.90     1.00 
.90  1  1.00 
.90  '  1.00 

1.10 

27 

28 

26 

i'.H) 

I.;*.) 

1.00 
1.00 
1.00 

30 

2.00  '  3.60 

.90 

1.00 
1.00 

(a) 

31 

1.50 

3.70 

(a) 

v-  / 

a  Frozen. 
MADISON  RIVER  NEAR  REDBLUFF,  MONTANA. 

This  station,  which  was  established  May  2,  1897,  is  located  4  miles 
below  the  Redbluff  iron  county  bridge  over  the  river  and  \\  miles 
below  the  mouth  of  Cherry  Greek.  It  is  described  in  Water-Supply 
Paper  No.  37,  page  205.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  186.  Dur- 
ing 1900  the  following  measurements  of  discharge  were  made  under 
the  direction  of  Samuel  Fortier.  Cherry  Creek  flows  into  Madison 
River  between  the  gage  and  the  point  where  the  river  is  measured,  and 
its  discharge  should,  therefore,  be  added  to  that  of  the  liver  in  order 
to  obtain  the  total  discharge  at  the  gage. 

Discharge  measurements  of  Madison  River  near  Redbluff,  Montana, 


June  8.. 

Do. 
June  9.. 
Jnne  19. 

Do. 

Do. 
Jane  25. 


Date. 


1900. 


Gai^ 
helg 


£t. 


Feet. 


2.53 
1.92 
1.92 


1.85 


Dis- 
charge. 


Sec. -feet. 
4,412 
a  146 
4,237 
2,715 
2.848 

am 

2.610 


Date. 


Jnne  25... 
June  80... 
Julyl3... 

Anga8tV6 


a  Cherry  Creek. 


1900. 


Gage 
height.! 


Dis- 
charge. 
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Daily  gage  height^  in  feet,  of  Madison  River  near  Redbluff^  Montana,  for  1900. 


Day. 

Jan. 

- 

1 
Feb. 

1           ' 
Mar.  Apr.  1 

1            1 
May.  Jane.j 

-1         -1 
2.00  1  2.70 

1 
Jnly.jAug. 

1 

Sept 

1 

Oct. 

Nov. 

1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
,  1.40 
,  1.40 
.  1.40 
1.40 
1...... 

1 

Dea 

1 

(a)     1.00  ! 

1.60  1  1.40 

1.40 
1.40 
1.40 
1.40 
1  40 

1.60 
1.50 
1.60 
1.50 
1.60 
1.50 
1.50 
1.50 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 

1.40 

2 

(a) 

1.00     2.25     2.50     1.60  ,  1.40 
1.00    2.40  ;  2.80     1.55  '  1.40 
1.30    2.40     2.80  1  1.50  ,  1.40 
1.30  i  2.45     2.88     1.50  ,  1.40 

1.40 

3 

1.40 

4 

(a) 

1.40 

5 

1.40 

tf 

1.30  <  2.30  ,  2.90     1.50  '  1.40  '  140 

1.40 

7 

1.40  i  2.a'>  '  2.90  :  1.60     1.40 
1.30  ,  2.40  1  2.80     1.50     1.40 
1.30  1  2.45     2.80     1.50     1.45 
1.30     2.50     2.80  1  1.50  ,  1.50 
1.30     2.62     2.70     1.50     1.50 
1.30  1  2.70     2.65     1.60     1.50 

1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.50 
1.50 
1.60 
1.50 

1.40 

8 

(a)      1.66 

1.40 

9 

1.40 

10 

1.40 

11 (a) 

1.40 

12:::"::::.::::::::.::::::  ..L 

1.40 

13 

1.30  '  2.80 
1.30  ,  2.70 
1.35     2.55 

2.40     1.50     1.45 
2.30  :  1.50     1.40 
2.20  '  1.50     1.40 

1.40 

14 ; 

1.40 

15..... 1 

(a)      1.00 

1.40 

16 1 

1.40  i  2.45  !  2.10     1.56     1.40 
1.45  1  2.30     2.50  ,  1.50  ,  1.40 
1.50  !  2.25     1.85  !  1.50     1.40 
1.50  1  2.10  !  1.80     1.50  ,  1.40 
1.50  '  2.20     1.70  1  1.50     1.40 
1.50     2.23     1.70     1.50     1.40 
1.60    2.20     1.70     1.50     1.40 

1.40 

17 

1.40 

18 1  (a) 

1.40 

19 :..: 

1.40 

20 ; 

1.40 

21 , 

1.40 

22 ' 

(a)   1  1.00 

1.40 

23 

1.70     2.25     1.65     1-50  ,  1.40 

1.40 

24 

1.80     2.37  1  1.60 

1.60 
1.60 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.40 

i.::::-.::;::;:::::::::;:;'.^"i 

1.80 

2.45     1.60 

1.40 

1.80     2.60  '  1.60  '  1.50 

1.40 

27 1 

1.80     2.80  1  1.60 
1.80     2.90  '  1.60 

1.50 
1.50 

1.40 

28 

1.40 

29 

1.00 

1.80     3.00  .  1.60  ,  1.60 

1.40 

3D 1 

1.82 

8.00  1  1.60     1.40 
2.95  ' 1  1.40 

81 : ' 

1 

1 

1 

a  Frosen. 
JEFFERSON  RIVER  AT  SAPPINGTON,  MONTANA. 

This  station,  which  was  established  by  Arthur  P.  Davis  in  1894,  is 
located  on  the  bridge  of  the  Northern  Pacific  Railroad  crossing  the 
river  at  Sappington.  It  is  described  in  Water-Supply  Paper  No.  37, 
pages  206  and  207,  where  will  also  be  found  the  results  of  measure- 
ments for  1899.  During  1900  the  following  measurements  of  discharge 
were  made  under  the  direction  of  Samuel  Fortier: 


Discharge  uneasurements  of  Jefferson  River  at  Sappington,  Montana, 


Date. 

Gaffe 
height. 

Feet. 
5.01 
3.83 
3.46 
3.00 

c^%e.   ''                       I>»te. 

Oaffe 
height. 

Dis- 
charge. 

Mil V  31  ... 

1900. 

Sec.-ft                            1900. 

5.918     July  16 

Feet, 
l.Hd 
1.67 
2.45 

Sec-ft. 
H44 

June  16 - 

3,583  h  Auffustl 

5S& 

June  23 

3,240     October  6 

1,586 

Jane  28 

2,379 

Daily  gage  height,  in  feet,  of  Jeffersmi  River  at  Sappington,  Montana,  for 

1900. 

Day. 

Mar. 

Apr. 

May. 

3.90 
8.90 
4.00 
4.06 
4.20 
4.35 
4.55 
4.65 
4.85 
5.06 
5.25 
5.60 
6.10 
6.40 
6.55 
6.60 
6.45 
6.25 
6.10 
5.95 
5.80 
5.75 
5.55 
5.50 
5.40 
5.35 
5.30 
6.30 
5.40 
5.30 
5.15 

June. 

July. 

Aug. 

l.dO 
1.60 
1.60 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.46 
1.45 
1.50 
1.50 

Sept. 

1 
Oct 

Nov. 

Dec. 

1 

(a) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

8.00 

2.80 

2.80 

2.80 

2.70 

2.70 

2.70 

2.ao 

2.70 
2.80 
2.80 
2.90 
2.90 
3.00 
3.10 
3.10 
3.10 
3.05 
2.95 
2.80 
2.70 
2.70 

2.80 
2.00 
8.15 
3.80 
3.40 
8.60 
3.60 
8.60 
3.60 
3.45 
3.30 
8.20 
3.20 
3.20 
.  3.20 
3.30 
3.30 
3.30 
3.30 
3.40 
3.40 
3  50 
3.60 
3.65 
3.75 
3.80 
3.90 
3.90 
3.90 
3.90 

5.00 
4.90 
4.80 
4.90 
5.00 
4.00 
4.90 
4.90 
4.70 
4.60 
4.50 
4.20 
4.00 
4. 00 
3.90 
8.80 
8.90 
4.00 
4.10 
4.20 
8.90 
3.65 
3.30 
3.20 
8.10 
8.00 
2.90 
2.85 
2.80 
2.80 

2r.70 
2.00 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
l.TD 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 
1..70 
1.70 
1.70 
1.80 
1.86 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 

2.10 
2.20 
2.25 
2. 33 
2.40 
2.43 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.60 

2.50 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 

2.50 

2 

2.50 

3 

2.50 

4 

2.50 

5 ._. ---..._ 

2.60 

6 

2.60 
2.60 

8 

9 

2.60 
2.60 

10 

2.60 

11 

2.60 

12 

2.50 

13 

2.50 

14 

2.5(J 

15 

16 

2.50 
2.  .50 

17 

2.40 

19 

2.40 
2.40 

30 

2.40 

21 

2.40 

2.40 

Zi 

2.40 

34 

2.40 

25 

2.40 

38 

2.40 

27 

2.40 

28 

2.30 

29 

2.30 
2.30 

31 

2.30 

a  The  river  was  frozen  from  January  1  to  March  9,  inclusive. 
MISSOURI  RIVER  AT  TOWNSEND,   MONTANA. 

Observ'ations  of  gage  heights  are  maintained  at  this  place  by  the 
Missouri  River  Commission,  and  the  results  are  furnished  to  the  Geo- 
logical Survey  by  the  Corps  of  Engineers,  United  States  Army.  The 
heights  given  are  the  means  of  two  daily  readings  expressed  in  feet 
above  the  St.  Louis  directrix,  which  is  412.73  feet  above  the  mean 
Gulf  level.  The  figures  3,300  have  been  omitted  from  the  record,  so 
that  it  is  necessary  to  add  that  amount  to  the  daily  observations  to 
obtain  the  elevation  of  the  water  surface  above  the  St.  Louis  datum. 
A  description  of  this  station,  will  be  found  in  Water-Supply  Paper 
No.  37,  page  208.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  187.  During  1900  the 
following  discharge  measurements  were  made  under  the  direction  of 
Samuel  Fortier: 

Discharge  measurements  of  Missouri  River  at  Tovmsend,  Montana, 


Date. 


1900. 

May2R 

June  15 

June  22 

June  39 


Gaffe  '      Dis- 
heignti  charge. 


Feet. 
92.10 
00.66 
90.16 
89.50 


Sec.'ft. 

15,962 

8,871 

7.797 

4,524 


Date. 


Qaffe  ,      Dls- 
heignt.;  charge. 


1900.  FeeL 

July  17 !    88.53 

August  14 88.30 


Octoljer  12. 


H8.92 


Sec. -ft. 
2,296 
1,955 
3,419 


I>  /> 


Daily  gage  height, 

in  feet,  of  Missouri  River  at  Toumsend,  Montana^  for  1900. 

Day. 

Jao. 

Feb. 

Mar. 
92.0 

Apr. 
80.2 

May. 

June. 
91.8 

Jnly. 

Aug. 

88.2 

Sept. 

Oct. 

Nov. 

88.9 

Dec. 

1 

90.8 

88.8 

90.4 

89.2 

088.2 

88.7 

90.5 

2 

93.0 

88.8 

90.0 

89.4 

90.5 

91.7 

89.1     88.2 

88.8 

88.7 

88.9 

90.5 

3 

98.0 
92.9 
92.5 
92.5 

88.8 
88.8 
88.8 

90.0 
93.7 
98.7 

89.6 
89.6 
89.7 
89.8 

90.5 
90.6 
90.6 

91.7 
91.8 
91.8 

89.0     88.2 
88.9  ,  88.2 
88.9  '   8H.2 

88.8 
88.3 
88.3 
88.4 

88.8 
88.8 
88.8 
88.9 

88.9 
88.9 
88.9 
88.9 

9ri  a 

4 

90.0 

6 

Of).  7 

6 

88.8    98.7 

90.7  1  91.8 

88.8 

88.2 

»).() 

7 

91.5 

88.8     98.7 

80.8 

90.9  1  91.7 

88.8 

88.2 

88.4 

88.9 

88.9 

hO.o 

8 

91.4 

88.8  I  98.4 

89.8 

91.2    91.7 

88.8  '   88.2 

88.4 

88.9 

88.9 

H9.2 

9 

89.5 

88.8  <  90.4 

89.8 

91.4    91.7 

oo.  0       On.  3S 

88.4 

88.9 

88.0 

V^.O 

10 

89.5 

88.8     90.5 

80.8 

91.6     91.5 

88.7     88.3 

88.4 

88.9 

88.9 

S8.9 

11 

89.4 

88.8     90.7  1  89.7 

91.8  1  91.2 

88.7  i   88.3 

88.4 

88.9 

88.9 

88.8 

12 

89.8 

o($.  o      VII.  0 

89.2 

92.2  1  90.9 

88.6     88.2 

88.4 

88.9 

88.9 

8K.: 

13 

89.1  1  ri9.0     90.3 

89.5 

92.3  1  90.7  1  88.4  '   88.2 

88.4 

88.9     88.9 

8^  6 

U 

89.1 

92.3     89.9 

89.5 

92.4     90.6 

88.3  1   88.2 

88.4 

88.9     88.9 

ss.b 

15 

89.1 

92.2    89.5 

80.6 

92.4     90.5 

88.3   .  88.2 

88.4 

88.9  <  88.9 

8s.ii 

18 

89.1 

92.1     89.3 

89.7 

92.2  1  90.3 

88.3     88.2 

88.4 

88.9     88.9 

88.7 

17 

80.1 
89.1 

92.1  89.3 

92.2  ,  80.8 

89.8 
89.8 

92.2  1  90.5 
92.1     90.5 

88.3  I   88.2 
88.3  ,   88.2 

88.4 
88.4 

88.9     80.0 

HK.  7 

18 

88.8 

89.1 

M8.6 

19 

80.1 

92.2  1  89.2 

89.8 

92.1     90.4 

88.3  1  88.2 

88.4 

88.8 

80.1 

8.**.: 

20 

89.1 

92.3     89.2 

80.8 

91.9 

90.3 

88.3     88.2 

88.4 

88.8 

80.1 

88.8 

21 

89.1 

92.2    89.8 

89.8 

91.9 

90.2 

88.3 

88.2 

88.4     88.8 

89.2 

88.9 

22 

89.1 

92.1     89.3 

89.9 

91.8 

90.0 

88.3     88.2 

88.4  1  88.8 

89.3 

88.8 

28 ...' 

80.1 

92.1     89.4 

90.1 

91.7 

89.9 

88.3  .   88.2 

88.4  I  88.8  1  89.6 

88.7 

24 

89.1 

92. 1     89. 4 

90.2 

91.7 

89.8 

88.3  '  88.2 

88.4 

88.8     80.9 

.H8.7 

25 

89.1 

92.1     89.5 

90.3  1  91.7 

89.7 

88.3     88.2 

88.5 

88.8 

W.  •  M 

88.7 

26 1 

89.1 

92.1     89.5 

90.3     91.7 

89.6 

88.3  ia88.2 

88.5 

88.8 

88. »; 

27 

80.1 

92.1     89.5 

90.3  !  91.8     89.4 

88.3  a88.2 

88.6 

88.8 

90.7 

88.5 

28 

89.0 

92. 1     89. 6 

90.3     92.1 

89.4 

88.3  o>8.2 

88.6 

88.9     90.7 

88.4 

29 

89.0 

89.5 

90.3    92.3 

89.3 

88.3  0^8.2  1  88.6 

88.9  ,  90.7 

'    .88. 2 

30 

88.8 

,  89.3 

90.3  1  92.2 

89.3 

88.3  a>V.2 

88.6 

88.9     90.5 

87.9 

31 

88.8 

89.2 



92.1 

88.3 

a88.2 

88.9    

1    87.9 

a  Approximate;  no  readings  received. 


CROW   CREEK,   MONTANA. 

Crow  Creek,  a  tributary  of  Missouri  River,  is  in  Jefferson  County, 
Montana.  Its  headwaters  are  at  an  elevation  of  between  7,000  and 
8,000  feet  above  sea  level.  It  flows  in  a  southeasterly  direction  for 
about  25  miles,  and  empties  into  Missouri  River  33  miles  below  Toston, 
at  an  elevation  of  about  4,000  feet. 

At  the  foot  of  the  mountains  the  valley  is  approximately  12  miles 
square.  About  half  of  it  is  owned  by  the  residents,  and  approximately 
a  third  of  the  land  owned  is  being  irrigated,  though  perhaps  scantily 
at  times.  This  leaves  without  water  about  70,000  acres,  the  greater 
part  of  it  the  choice  land  of  the  valley  and,  according  to  the  fanners 
who  have  made  efforts  in  that  dii-ection,  well  adapted  to  the  raising  of 
hay,  grain,  and  fruit  crops.  The  onl}'  apparent  source  of  water  sup- 
ply for  this  vast  tract  of  uncultivated  land  is  small  storage  reservoirs 
on  Crow  Creek,  at  points  along  the  canyon  where  the  valley  widens 
sufficiently  to  permit  their  construction.  From  the  best  information 
obtainable  from  those  familiar  with  the  canyon,  the  largest  of  these 
valleys  is  fix)m  a  fourth  to  a  half  mile  wide  and  about  2  miles  long. 
On  October  13,  1900,  the  flow  of  Crow  Creek  at  the  n^outh  of  the  can- 
yon, 5  miles  above  Radersburg,  Montana,  was,  by  actual  measure- 
ment, 16  second-feet.  On  the  same  date  the  discharge  at  the  bridge 
1  mile  below  the  canyon  was  also  16  second-feet.  The  high-water 
flow  lasts  from  four  to  six  weeks,  with  an  occasional  summer  flood, 
and  is  confined  in  a  channel  having  aii  average  width  of  from  25  to  30 
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feet,  with  vertical  banks  of  from  4  to  5  feet  on  either  side,  and  a  fall 
of  58.7  feet  to  the  mile. 


MILK  RIVER  AT  HAVRE,    MONTANA. 

This  station,  which  was  established  by  C.  C.  Babb  on  May  15, 1898, 
is  described  in  Water-Supply  Pai)er  No.  37,  page  209.  Results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  189.  During  1900  the  following  measurements 
of  discharge  wei'e  made  by  C.  W.  Ling: 

Discharge  measurements  of  Milk  River  at  Havre,  Montana, 


Date. 


I  Gage  I      Dis- 
iheigntj  charge. 


Date. 


1900 

April  21 

April  26 

April  27 

Do 

Mays 

May  7 

May  11 

Mavis 

May  16 

May  17 

May  18 , 

May24 , 

May81 

JnneO 

June  12 

June  21 

June 27 

Julys 

July  10 

July  18 

July  25 

Augusts 


Feet. 
2.90 
3.90 
3.00 
3.07 
3.20 
2.70 
2.40 
2.60 
4.00 
5.20 
4.50 
3.40 
8.00 
2.60 
2.40 
2.30 
2.10 
1.90 
2.00 

i.ro 

1.50 
1.40 


Sec.-ft. 

242 

337 

302 

314 

390 

309 

207 

260 

863 

1,651 

1,112 

444 

312 

185 

142 

117 

108 

76 

92 

30 

14 

17 


190a 

August  4 

August  11 

August  13 

August  14 

August  20 

August  81 

September  4 

September  5 

Septembers 

September  10 

September  17 

September  22 

October  2 

October  6 

Octobers 

October  12 

October  Irt 

October  22 

October  27 , 

November  2 

November  10.... 


Gage  I     Dis- 
helgfat.  charge. 


Feet. 
1.40 
1.40 
2.60 
2.40 
1.60 
1.60 
1.50 
1.70 
2.00 
2.50 
1.90 
2.20 
2.00 
3.10 
2.90 
2.60 
2.90 
2.40 
2.30 
2.30 
2.00 


Sec:-ft. 

12 

13 

182 

145 

27 

27 

28 

48 

80 

142 

50 

97 

84 

314 

236 

157 

2ft5 

129 

114 

96 

63 


Daily  gage  height,  in  feet,  of  Milk  River  at  Havre,  Montana,  for  1900, 


Day. 

Apr. 

May. 

June. 

3.10 
8.00 
2.90 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.20 
2.10 
2.10 
2.10 
2.00 

July. 

Aug. 

1 
1 

3.10 
3.30 
8.20 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.60 
2.40 
2.30 
2.40 
2.40 
2.60 
4.00 
5.10 
4.60 
4.10 
3.70 
3.60 
3.90 
8.60 
8.40 
8.30 
3.20 
3.10 
2.90 
3.00 
2.90 
3.00 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.90 
2.00 
2.10 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 

1.50 

2 

1.40 

3 

1.40 

4 

1.40 

5 

1.40 

6 

1.40 

m 

i. ............... ........ 

1.40 

8 

1.30 

9 

1.30 

10 

3.40 
8.40 
3.70 
3.60 
3.60 
3.40 
3.30 
3.00 
8.20 
2.90 
2.90 
2.90 
2.90 
2.90 
8.10 
8.30 
8.30 
2.90 
8.10 
2.90 
3.00 

1.30 

11 

1.40 

12 

2.75 

13 

2.05 

14 

2.40 

15  .... 

2.20 

16 

2.00 

17 

1.90 

18 

1.70 

19 

1.60 

20 

1.60 

21 

1.50 

22 

1.50 

23 

1.40 

24 ■"" 

1.40 

25 

1.40 

26 

1.40 

27 

1.40 

28 

1.40 

29 

1.40 

3f> 

1.40 

31  '.'.'."..'. 

1.60 

1.60 
1.50 
1.50 
1.50 
1.70 
1.70 
1.80 
2.00 
2.10 
2.50 
2.40 
2.40 
2.40 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2  20 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
2.00 


2.00 
2.00 
2.10 
2.20 
2.40 
3.10 
3.10 
2.90 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.80 
2.90 
3.00 
2.90 
2.80 
2.70 
2.70 
2.40 
2.40 
2.30 
2.30 
2.30 


2. 
2. 
2. 


,30 
30 
30 
2.20 
2.20 


Nov. 


2.80 

2.80 

2.30 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.00 

1.90 

2.20 

2.40 

2.20 

2.60 

(a) 

(a) 

(a) 

(a) 

la) 

(a] 

(< 
(a 

ia] 

(a) 

(a) 

(a) 

(a) 

(«) 
(a) 


Dec. 


a  Frozen. 


J 
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YELLOWSTONE  RIVER  NEAR  LIVINGSTON,  MONTANA. 

This  station,  which  was  established  May  2,  1897,  is  located  at  the 
highway  bridge  over  the  Yellowstone  5  miles  south  of  Livingston.  It 
is  described  in  Water-Supply  Paper  No.  37,  pages  210  and  211,  where 
will  also  be  found  the  results  of  measurements  for  1899.  During  1900 
the  following  measurements  were  made  under  the  direction  of  Samuel 
Fortier : 

Discharge  meamirements  of  Yellowstone  Ritfer  near  Livingston,  Montana. 


Date. 


May25- 

Jnne  14 
June  21 
Jane  07 


1900. 


Gage 

Dis- 

height. 

charge. 

Feet. 

Sec./t 

3.06 

7,917 

3.15 

8,482 

4.80 

13,562 

4.06 

11.835 

3.40 

9,0B4 

Date. 


I  Gase 
iheight. 


1900.  Feet. 

JulyU 1.76 

Augnst  7 ,       .75 

September  29 —  .45 

October  17 —.60 


Dis- 
charge. 


Sec.-ft. 
4.623 
3.160 
1.710 
1.069 


Daily  gaye  height y  in  feet,  of  Yellowstoive  River  iiear  Livingston,  Montana,^  for 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
2St. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


Day. 


Jan. 


Feb. 


-0.86 


-0.80 


-0.90 


-0.90 


-1.00 


-1.00 


Apr.    May. 


•1.00 

-  .90 

-  .80 

-  .70 

•  .70 
.70 
.50 

-  .20 

-  .80 

■  .60 

•  .60 

-  .60 
.60 

-  .55 
.55 

•  .00 

-  .60 

■  .60 

-  .50 

-  .20 
.00 
.20 
.65 
.40 
.40 
.80 
.20 
.80 
.40 
.35 


0.80 
.60 
.75 
1.40 
1.76 
2.80 
2.20 
2.15 
2.67 
3.36 
8.78 
4.00 
8.40 
2.78 
2.80 
2.28 
2.48 
2.40 
2.17 
2.25 
2.88 
2.66 
2.73 
2.90 
3.03 
3.65 
4.20 
4.65 
4.38 
3.98 
3.80 


June. 


3.80 
4.00 
4.20 
4.30 
4.36 
4.70 
4.75 
4.38 
4.60 
3.96 
8.85 
8.75 
3.70 
4.05 
4.25 
4.20 
4.13 
8.90 
8.80 
3.90 
3.90 
8.95 
3.88 
3.73 
8.68 
8.60 
8.43 
8.28 
3.10 
8.08 


.July. 


2.80 
2.68 
2.55 
2.50 
2.40 
2.80 
2.23 
2.13 
2.10 
2.03 
1.95 
1.88 
1.80 
1.78 
1.70 
1.68 
1.55 
1.53 
1.60 
1.45 
1.40 
1.88 
1.30 
1.25 
1.20 
1.20 
1.20 
1.15 
1.10 
1.05 
1.00 


Aug.    Sept. 


0.95 
.90 
.88 
.80 
.75 
.75 
.70 
.70 
.65 
.60 
.55 
.60 
.60 
.45 
.45 
.40 
.35 
.80 
.80 
.25 
.25 
.26 
.20 
.20 
.20 
.20 
.15 
.15 
.10 
.06 
.00 


-0.06 

-  .06 

-  .10 

-  .10 

-  .10 

-  .10 

-  .16 

-  .16 

-  .20 
•  .20 

-  .25 
.25 

-  .25 
.25 

-  .80 

-  .88 

-  .85 

-  .85 
.80 

-  .80 

-  .86 
.86 
.40 
.40 

-  .40 
.48 

-  .46 

45 
.45 
.45 


Oct. 

Nov. 
-0.70 

-0.46 

-  .48 

-  .70 

-  .40 

-  .70 

-  .43 

-  .70 

-  .46 

-  .70 

-  .46 

-  .70 

-  .45 

-  .73 

-  .48 

-  .75 

-  .60 

-  .75 

-  .63 

-  .80 

-  .56 

-  .88 

-  .60 

-  .90 

-  .60 

-  .83 

-  .60 

-  .80 

-  .66 

-  .8» 

-  .60 

-  .75 

-  .60 

-  .83 

-  .60 

-  .95 

-  .60 

id) 

-  .66 

(a) 

-  .60 

(n) 

-  .66 

(a) 

-  .60 

(a) 

-  .60 

-1.10 

-  .85 

-1.08 

-  .65 

-  .90 

-  .66 

-  .85 

-  .66 

-  .90 

-  .65 

-1.00 

-  .70 

-1.00 

-  .70 

Dec- 


-0.95 

-  .88 

-  .90 

-  .90 

-  .90 

-  .90 

-  .90 

-  .90 

-  .90 

-  .90 

-  .90 

-  .9!) 
-1.10 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-l.Oi) 

-i.no 

-1  00 
-1.00 


1.30 

•1.10 

-1. 15 

1.15 

l.:S> 

■1.35 


(a) 


a  Frozen. 


MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  MONTANA. 


During  the  year  the  following  miscellaneous  measurements  of 
streams  in  Montana  were  made  by  Messrs.  F.  E.  jind  G.  II.  Matthes: 
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Miscellaneous  discharge  mecuturenients  of  streams  in  Montana, 


Date. 


1900. 
June  18.... 
August  6. . 
October  14 

June  16 

June 19 

June  21 

JuneH 

Junes 


June  9. 


June  7. 
May  23 
May  39 
May  38 
May  24 
May2S 
Do 


Stream. 


Locality 


St.  Mary  River 

do 

do 

do 

North  Pork  of  Milk  River. 
Middle  Fork  of  MilkRiver 
South  Fork  of  Milk  River. 
Cutbank  River 

North  Fork  of  Cutbank 
River. 

Two  Medicine  River 

do 

do 

Badjror  Creek 

^rch  Creek 

.....do 


Main 

do 

do 

Outlet  of  Lower  Lake 

Brid  go  at  HalPs  ranch 

Ford  of  road  to  Main 

Paul's  ranch 

Ford  of  road  to  St.  Marj 

Lake. 
Base  of  mountains 


Outlet  of  Lower  Lake 

Holy  Family  Mission 

Ford  12  miles  belnw  Piegan. 

Two  miles  above  Piegan 

Ford  at  Piegan 

Four  miles  above  Robare 

One-half  mile  above  Robare. 


Hydrographer. 


F.  E.  Matthes. 
G.H.Matthes. 

do... 

F.E.  Matthes. 
.do 


.do 

.do 

do 

.do 

do 
.do 
do 
do 
do 
do 
.do 


Dis- 
charge. 


Sec.-ft. 

2,394 

750 

552 

750 

12 

7 

31 

488 

231 

390 

1.067 
1,201 
562 
273 
387 
392 


BIGHORN  RIVER  NEAR  THERMOPOLI8,  WYOMING. 

This  station,  which  was  established  by  A.  J.  Parshall  on  May  28, 
1900,  is  located  about  a  half  mile  west  of  Thermopolis,  at  the  ferry 
crossing  the  river.  The  gage,  which  consists  of  a  horizontal  rod 
extending  out  over  the  water,  is  fastened  to  a  post  set  firmly  in  the 
bank.  On  the  horizontal  stick  is  attached  the  wire  gage  by  means  of 
which  the  height«i  of  the  river  are  recorded.  The  bench  mark  is  the 
head  of  a  nail  in  a  stick  driven  in  the  ground  1  foot  south  of  the  post 
to  which  the  gage  rod  is  fastened  and  2.58  feet  below  the  top  of  the 
gage  frame.  The  bench  mark  is  9.08  feet  above  gage  datum.  Dis- 
charge measurements  have  been  made  from  a  ferryboat,  but  during 
the  coming  season  they  will  be  made  from  the  bridge  which  has 
recently  been  erected.  The  channel  is  straight  for  a  distance  above 
and  below  the  station.  Both  banks  are  high  and  not  subject  to  over- 
flow. The  bed  of  the  stream  is  of  gravel,  and  shifts  during  only 
extreme  high  water.  Results  of  measurements  for  1899  will  be  found 
in  Water-Supply  Paper  No.  37,  page  211.  During  1900  the  following 
discharge  measurements  wei'e  made  by  A.  J.  Parshall: 

May  28:  Gage  height,  4.01  feet;  discharge,  8,500  second-feet. 
May  29:  Gage  height,  5.00  feet;  discharge,  10,527  second-feet. 
May  30:  G«ge  height,  5.40  feet;  discharge,  12,187  second-feet. 
September  13:  Qtkge  height,  0.60  foot;  discharge,  045  second-feet. 
September  18:  Gage  height,  0.45  foot;  discharge,  674  second-feet. 

Daily  gage  height ,  in  feet ,  of  Bighorn  River  near  Tliermopolis,  Wyoming,  for  1900. 


Day. 

June. 

July. 
3.40 

Aug. 
1.55 

Sept. 

Day. 

i  12 

June. 
5.20 

July. 
2.65 

Aug.  Sept. 

Day. 

June. 

July. 

Aug. 
1.40 

Sept. 

1 

4.00 

1.20 

1.50 

0.70  , 

23 

4.10 

1.60 

2 

4.90 

3.30 

1.50 

1.20 

13 

4.65 

2.55 

1.50 

.60      24 

4.45 

1.60 

1.30 

3 

4.45 

3.30 

1.50 

1.10 

14 

4.30 

2.45 

1.50 

.55      25 

4.50 

1.60  ^  1.30 

4 

5.00 

3.20 

1.60 

J. 00 

15 

4.10 

2.25 

1.50 

.50   ,  26 

5.00  !  1.60 

1.30  ' 

5 

4.85 

3.  a) 

1.80     1.00 

16 

4.00 

2.20 

1.50 

27 

5.25 

1.60 

i.m  

6 

4.80 

3.10 

1.60  ,    .90 

1  17 

3.80 

2.20 

1.50 

!    28 

5.00 

1.50 

1.30    

7 

5.70 

3.20 

1.60 

.90 

18 

3.60 

2.10 

1.80 

29 

4.25 

1.50 

1.20    

« 

6.60 

3.15 

1.50 

.90 

19 

8.50 

2.05 

1.40 

30 

3.50  '  l.-'iO 

1.20  , 

9 

5.90 

3.00 

1.50  '     .90 

30 

3.50 

1.95 

1.40 

,  31 

>  l.tif)     1.20    

10 

5.&5 

2.80 

1.50       .90  i 

21 

3.50 

1.70 

1.30 

.1 

1                       1 

11 

5.45 

2.80 

1.50       .70 

22 

3.90 

1.60 

1.30 

i 

1 

1 

1 
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CLEAR  CREEK   NEAR  BUFFALO,  WYOMING. 

This  station  was  established  by  the  State  engineer  of  Wyoming.  A 
measuring  flume  was  erected  in  order  that  accurate  measurements  of 
discharge  might  be  obtained.  Owing  to  the  stability  of  the  station  it 
has  not  been  necessary  to  make  discharge  measurements  at  this  place, 
the  computations  being  made  from  the  rating  table  established  sev- 
eral years  ago.  The  station  is  described  in  Water-Supply  Paper  No. 
37,  page  212.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  191.  Owing  to  the  diver- 
sions of  water  which  have  taken  place  within  the  basin,  of  late  years 
this  station  has  not  been  considered  as  important  as  formerly,  and  it 
was  discontinued  on  March  11, 1900,  no  measurements  of  discharge 
being  made  during  that  year. 

Daily  gage  height,  in  feet,  of  Clear  Creek  near  Buffalo,  Wyoming,  for  1900. 


Day. 

Jan. 

Feb. 

Mar.  1 

Day. 

Jan. 
0.35 

1 

0.40 

0.30 

0.30 

12 

2 

.40 

.30 

.30  i 

13 

.35 

3 

.40 

.30 

.30  1 

14 

.35 

4 

.87 

.30 

.30  I 

15 

.35 

5 

.37 

.30 

1 

16 

.32 

6 

.37 

.30 

17 

.32 

7 

.35 

.30 

.35 

18 

.32 

8 

.85 

.30 

19 

.30 

9 

.35 

.80 

20 

.30 

10 

.35 

.30 

.35 

21 

.30 

11 

.35 

.30 

22 

.30 

Feb.    I   Mar. 


Day. 


0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 


23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

Feb. 

0.30 

0.90 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

Mar. 


.30 
.30 
,30 


BIG  SIOUX   RIVER  NEAR  WATERTOWN,    SOUTH  DAKOTA. 

Big  Sioux  River  rises  in  Grant  County,  South  Dakota,  about  30 
miles  north  of  Watertown.  Its  principal  headwaters  drain  lands  con- 
stituting part  of  the  Sisseton  and  Wahpeton  Indian  Reservation.  Its 
general  course  is  southeast,  and  it  empties  into  Missouri  River  near 
Sioux  City,  Iowa.  The  river  is  of  interest  on  account  of  its  water 
powers,  a  number  of  which  have  been  developed,  principally  at  Flan- 
di-eau,  Dell  Rapids,  and  Sioux  Falls,  South  Dakota,  and  at  Akron, 
Iowa.  The  gaging  station  was  established  by  O.  V.  P.  Stout,  the  gage 
being  put  in  September  15,  1900,  by  George  W.  Carpenter,  county 
surveyor  for  Codington  County.  It  is  located  on  the  farm  of  L.  E. 
Spicer,  about  4  miles  above  Watertown.  The  gage  consists  of  an 
inclined  rod  securely  fastened  on  the  right  bank  of  the  stream.  The 
observer  is  L.  E.  Spicer.  During  1900  the  following  discharge  meas- 
urements were  made  by  O.  V.  P.  Stout  and  G.  H.  Matthes : 

July  17:  Discharge,  5  second-feet. 

July  18:  Discharge,  10  second-feet. 

November  12:  Gage  height,  1.15  feet;  discharge,  7  second-feet. 

The  measurement  of  July  18  was  not  made  at  the  gaging  station, 
but  in  the  town. 
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Lake  Poinsett,  which  lies  almost  wholly  in  Hamlin  County,  South 
Dakota,  has  its  outlet  in  Big  Sioux  River  near  Dempster,  a  short  dis- 
tance above  Estelline.  Immediately  below  the  outlet  of  the  lake  a 
dam  has  been  constructed  on  the  Big  Sioux  to  maintain  the  level  of 
the  lake  within  certain  limits.  A  measurement  of  the  inlet  to  the 
lake  was  made  July.  19,  1900,  by  O.  V.  P.  Stout,  and  a  discharge  of 
16.5  second-feet  was  found. 

Big  Sioux  River  at  the  bridge  west  of  Estelline  was  also  measured 
by  Mr.  Stout  on  July  19,  1900,  and  a  discharge  of  16.9  second-feet 
was  found. 

Daily  gage  height^  in  feet,  of  Big  Sioux  River  near  Watertownf  South  Dakota^ 

forlBOC 


Day. 

Sept. 

Oct. 

Nov.   Dec. 

1 

Day. 

Sept. '  Oct.    Nov.,  Dec. 

1                     I 

1 

1                      1 
12 

1.25   

2 t 

1.30     1.25  1  1.20 

13 

1.15 

3 

U 

1.25   

1.20 

4 

1.25     1.20 

15 

5" 

1.25 

hUo  /...'.. 

16 

17 

1.40 

1.25  I  1.15 

1.20 

6 

7 

1.25 

1.20 

18 

i.ao 

1.20     1.20 

8 

19 

1.25    

0 

1.25 

1.15     1.20 

20 

1.20 

10 

21 

1.30 

1.25    

1.20 

11 

1.15  1  1.20  , 

1           1 

22 

1 

Day. 

1 
Sept.  Oct. 

1.30    1.25 

Nov. 

Dec. 

23 

24 

1.20 

1.20 

25 

28 

1.30   

1.25 

1.20 

1.20 

27 

J 

1.20 

28 

29 

1.30     1.25 

1.15 

30 

31 

1.30     1.25 

1.20 

1.15 

1 

BIG  SIOUX  RIVER  NEAR  SIOUX  FALLS,    SOUTH  DAKOTA. 

This  gaging  station,  which  was  established  by  O.  V.  P.  Stout  on 
July  21,  1900,  is  2  miles  west  of  Sioux  Falls.  The  gage  consists  of  an 
inclined  rod  securely  fastened  to  bevel  blocks  supported  on  well- 
bedded  cross-ties.  The  observer  is  George  Beggs.  During  1900  the 
following  discharge  measurement  was  made  by  O.  V.  P.  Stout: 

Jnly  21:  Gage  height,  2.02  feet;  discharge,  78  second* feet. 

Daily  gage  hetgkt^  in  feet,  of  Big  Sioux  River  near  Sioux  Falls,  South  Dakota, 

for  1900. 


Day. 

Aug. 

Sept.1  Oct. 

Nov. 

1.80 

1.80 

1.80 

1.80 

1.80  ! 

1.80 

1.80  , 

1.70 

1.70 

1.80  1 

1.80  ' 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

1.80  1 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

i.ao 
i.ao 

1.20 

i.eo 

1.80 
1.80 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

1.40 
1.50 
1.50 
1.40 
1.40 

i.ao 

1.40 
1.40 
1.30 
1.30 

i 

1.40     1.70 

22 

23 

24 

1.30     1-40 

1.20 
1.10 

2 

1.40 
1.30 
1.50 
1.40 
1.40 
1.50 
1.50 
1.60 
1.40 

1.70     l.HO 

1.30 
1.50 

1.60 

8 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 

1.80  ' 

l.«0     1.10 

4 

I.ao   1.80 

1.10     1.80 
1.80    1.80 
1.20  ;  1.70 
1.20  1  1.70 
1.20     1.70 

1.70   .  25 

1.40     I.AO  1  1.10 

5 

1.70 
1.70 

:::::: 

26.  ... 

27 

28 

20 

30 

31 

1.40 
1.30 

1.60     1.90 
1.50     1.80 

6 

7 

1.30     1.50  1  1.80 

8 

1.80 
1.30 
1.30 

1.70  1  1.80 
1.60     1.90 

9 

10 

11 

1.40 
1.40 

1.80 
1.40 

1.70 
1.70 

1.90 

MISCELLANEOUS  DISCHARGE  MEASUREMENTS  OF  CHEYENNE   RIVER 

AND  ITS  TRIBUTARIES. 

During  the  year  a  number  of  measurements  of  Cheyenne  River  aud- 
its tributaries  were  made  by  J.  T.  Stewart,  as  described  in  the  table 
on  the  next  page. 
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Miscellaneous  discharge  measurements  of  Cheyenne  River  and  its  tributaries. 


Date. 


1900. 
May  14 
May  17 
May  29 
May  18 
June  12 
May  19 
June  4 
May  21 


June  5 
May  15 
Hay  31 
May  15 
May  29 
May  17 
May  29 
May  18 
June  2 
Do... 
May  19 
June  4 
May  19 
June  4 
May  26 
June  7 
May  15 


Stream. 


May  31 
May  16 
May  30 
May  15 

May  30 
May  21 

June  5 
May  21 

June  5 
May  21 

Do... 
May  28 
May  22 
June  6 

May  22 
June  7 
May  22 
June  6 
May  26 
June  7 
May  25 
June  8 
May  24 
June  9 
May  23 

June  9 
May  24 

June  8 
May  25 
June   8 


Locality. 


Chevenne  River Edgemont,  S.  Dak 

ao i do 

do ] do 

do I  Above  mouth  of  Cascade  Creek 

do do 

do ,  Above  mouth  of  Fall  River 

....do Mouth  of  PallRiver 

do Below  mouth  of  Beaver  Creek,  7 

miles  southeast  of  Buffalo  Oap, 
S.  Dak. 

Below  mouth  of  Beaver  Creek 

East  of  Newcastle,  Wyo 

do 

B.andM.  Railway  bridge 

— do 

Newcastle,  Wyo 

...do 


do 

Salt  Creek 

do 

Big  Oil  Creek... 

do 

Little  Oil  Ci-eek 


do 

Cascade  Creek <  Atmouth 

do I do 

Hat  Creek _-....'.      .do . .. 

Fall  River  !'.".'"."*"!    Below  Hot  Springs.'s!bak 

do Hot  Springs,  B-  Dak 

do Atmouth 


.do 


do 


Dak 


Iron  Creek Grlendale,  S. 

do do 

Stockade   Beaver  '  Two  miles  above  L.  A.  E.  ranch. 
Creek.  '      Wyo. 

do do 

do I  Atmouth 

do I do  ... 


Beaver  Creek . 


.do 
do 

.do 
do 

.do 


Lame  Johnny  Creek 


do 

French  Creek 
do 


do 


Above  mouth  of  Stockade  Beaver 
Creek. 

....do 

Three  miles  northwest  of  Buffalo 
Gap,  S.  Dak. 

— do 

At  mouth,  7  miles  southeast  of  Buf- 
falo Oap. 

Atmouth 

Seven  miles  northeast  of  Buffalo 
Gap. 

East  of  Buffalo  Gap 

Custer,S.Dak 

Ten  miles  above  Fairbum,  S.  Dak  . . 

Ten  miles  northeast  of  Fairbum, 
S.Dak. 

Fairbum,  S.  Dak 

...do 

Otis.S.Dak 

do 

Keystone,  S.  Dak 

do 

Hermoea,  S.  Dak 

do 

North  of  BockerviUe,  S.  Dak 

do 

F.  E.  and  M.  V.  Railway  bridge,  S. 
Dak. 

...  do 

Five  and  one-half  miles  above  Rapid 
I      City,  S.  Dak. 

do ! do 

do :  Rapid  City,  S.  Dak 

do I do 


do 

do 

Squaw  Creek 

do 

Battle  Creek. 

do 

do 

do 

Spring  Creek 

do 

do 


do 

Rapid  Creek 


Hydrographer. 


John  T.  Stewart. 
do 


.do 
.do 
do 
.do 
do 
do 


.do 

do, 

.do 

do 

.do. 

-do 

do 

.do 

do 

.do, 

-do 

do. 

.do 

.do. 

-do 

.do 

.do. 

do 
.do 
.do 
.do. 

.do 
.do 

.do 
.do 

.do 
.do 

-do 
.do 
.do 
.do 

.do 
-do 
-do 
-do 
-do 
.do 
-do 
-do 
-do 
-do 
do 

.do 
-do 

-do 
.do 
-do 


Dis- 
charge. 


Sec 


-feet. 

14.6 

10.3 
.5 

12.2 
7 
2 
7 
4 


39. 

18. 
47. 


49.0 

.2 
.2 

J%i 
.05 
.02 
24.6 
19.9 
.0 
24.7 
28.6 
33.3 
24.8 
3.8 
1.6 
11.1 

11.8 

9.4 

3.5 

.0 

.0 

12.  S 

14.6 
L2 

6.0 
.0 

.0 

.0 

12.8 

4.9 

3.3 

.2 

7.9 

2.8 

3.1 

2.3 

9.1 

2.3 

6.5 

.  I 

.4 

.1 

48.8 

26.3 
64.2 
29.9 


NORTH   PLATTE   RIVER. 


This  river  has  its  source  in  the  mountains  of  North  Park,  in  north- 
ern C/olorado.  Upon  entering  AVyoming  the  stream  passes  through  a 
short,  narrow  canyon,  and  then  flows  northerly  through  the  upper 
Platte  Valley,  which  extends  from  the  State  line  down  to  Fort  Steele, 
On  August  27,  1900,  A.  J.  Parshall  made  measurements  of  the  river 
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at  two  points  in  its  iipi)er  reaches.  The  first  measurement  was  made 
a  short  distance  above  the  mouth  of  Grand  Encampment  Creek  and 
immediately  above  the  mouth  of  Brush  Creek,  and  a  discharge  of  176 
second-feet  was.  found.  The  second  measurement  was  made  near 
Saratoga,  Wyoming,  immediately  above  the  mouth  of  Spring  Creek, 
and  a  discharge  of  211  second-feet  was  found. 

■ 

GRAlfD  ENCAMPMENT  CREEK  AT  PERYAM'S  RANCH,  WYOMING. 

This  Station,  which  was  established  by  A.  J.  Parshall  May  16,  1900, 
is  located  at  the  bridge  over  the  river  at  the  ranch  of  the  observer, 
W.  T.  Peryam.  The  rod  is  vertical,  and  is  fastened  to  the  timbers  of 
the  bridge.  The  channel  is  straight  for  a  distance  above  and  below 
the  station.  The  right  bank  is  high  and  is  not  subject  to  overflow, 
but  the  left  bank  is  low  and  overflows  at  high  stages.  The  bed  of  the 
stream  is  rocky.  During  1900  the  following  measurements  were  made 
by  A.  J.  Parahall: 

May  16:  Gage  height,  2.00  feet;  discharge.  2,050  second-feet. 
Jane  8:  Gktge  height,  2.00  feet;  discharge,  2,184  second-feet. 
Jane  21:  Qage  height,  1.20  feet;  discharge,  885  second-feet. 
Joly  5:  Gage  height,  0.00  foot;  discharge,  192  second-feet. 
Jaly  18:  Gage  height,  0.30  foot;  discharge,  39  second-feet. 

Daily  gage  height,  in  feet,  of  Gratid  Encampment  Creek  at  Peryam^a  ranch, 

Wyoming,  for  1900, 


Day.     '  May.     June,  i  July. 


Aug.     Sept 


Day. 


Hay.     June. 


1 

2.70 

0.96 
.75 
.76 
.65 
.60 
.60 
.60 
.60 
.60 
.«0 
.60 
.60 
.50 
.50 
.45 
.45 

0.60 

2 

2.eo 

2.40 
2.30 
2.25 
2.30 
2.20 
2.05 

.60 

3       

.46 

4 1- 

.45 

5   

.40 

6 

.40 

7 

.40 

8 

.60 

9 

m  ^  •» 

2.20 

.50 

10 

2.25 
2.10 
1.90 
1.90 
1.70 

i.eo 

.50 

11 

.50 

12 

.46 

13 

.46 

14 

.45 

1.5 

.40 

16 

2.66 

1.70 

.40 

0.25 
.25 
.20 
.20 
.26 
.26 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.35 
.40 
.40 


17. 

18. 

19. 

20. 

21 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


1.90 
2.05 
1.90 
1.70 
1.80 
1.90 
2.30 
2.10 
2.40 
2.50 
2.90 
3.00 
8.20 
3.00 
3.00 


60 
50 
50 
30 
20 
20 
30 
20 
20 
10 
1.00 
1.15 
1.00 
1.00 


July.      Aug. 


Sept. 


0.40 
.40 
.30 
.30 
.30 
.35 
.35 
.40 
.40 
.40 
.40 
.45 
.50 
.50 
.50 


0.40 
.40 
.30 
.30 
.30 
.30 
.80 
.30 
.40 
.50 
.50 
.35 
.30 

.:« 

.27 


0.40 
.30 
.30 
.30 
.30 
.80 
.40 
.40 
.50 
.60 
.(K) 
.50 
.50 
.50 


LARAMIE   RIVER  AT  WOODS,    WYOMING. 

This  station,  which  was  established  in  December,  1888,  by  the  Ter- 
ritorial engineer  of  Wyoming,  is  located  26  miles  from  Laramie,  and 
is  reached  by  stage.  It  is  described  in  Water-Supply  Paper  No.  37, 
page  214.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  193.  The  station  was 
discontinued  September  30, 1900.  During  the  year  one  measurement 
ment  of  discharge  was  made  by  A.  J.  I^arshall,  as  follows : 

Hay  4:  Gage  height,  1.60  feet;  discharge,  460  second-feet. 
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Daily  gage  height,  in  feet,  of  Laramie  River  at  Woods,  Wyoming,  for  1900. 


Day. 

Jan. 

Feb. 

Mar.      Apr. 

May. 

June. 

4.16 
4.05 
3.90 
8.80 
3.70 
8.00 
3.45 
3.45 
8.45 
8.45 
3.40 
3.25 
2.95 
2.75 
2.65 
2.55 
2.45 
2.45 
2.35 
2.25 
2.10 
2.10 
1.95 
1.85 
1.76 
1.65 
1.65 
1.50 
1.40 
1.40 

Ju    . 

Aug. 

0.00 
.00 
.00 
.00 
.70 
.70 

•  06 
.00 
.00 
.00 
.60 
.50 
.60 
.60 
.60 
.60 
.40 
.40 
.40 
.40 
.40 
.35 
.30 
.80 
.30 
.30 
.30 
.30 
•30 
.80 
.30 

Sept. 

1 

0.70 
.70 

1.40 
1.40 
1.60 
1.55 
1.00 
1.80 
2.00 
2.00 
2.25 
2.55 
2.75 
3.00 
8.00 
2.95 
2.55 
2.95 
3.05 
3.15 
3.05 
3.00 
2.95 
2.85 
8.15 
8.25 
8.45 
3.75 
8.95 
4.05 
4.15 
4.25 
4.30 

•    1.40 

1.30 

1.30 

1.20 

1.15 

1.10 

1.00 

1.00 

1.00 

1.00 

.95 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.60 

.60 

.60 

.60 

.00 

.60 

0.30 

2 

.30 

3 

.70 
.80 
.80 
.65 
.80 
.80 

.30 

4 

.30 

5 

.30 

a 

........ 

.30 

7 

1.10 

1.20 

i.'so 

.30 

8 

.35 

9 

.70 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.75 
.95 

.50 

10 

.56 

11 

.45 

12 

.35 

13 

.40 

14 

1.20 

1  20 

i.ao 

.40 

15 

.40 

16 

.35 

17 

.30 

18 

.30 

19 

.40 

20 

.40 

21 

1.20 

1.30 

1.00 

1.30 
1.85 

.40 

22 

.41) 

23 

1.20 

.45 

24 

1.10 
1.00 
1.00 
1.15 
1.45 
1.55 
1.45 

.40 

25 

.40 

26 

.40 

27 

.40 

28 

i.io 

1.20 

1.00 

.45 

29 

.50 

30 

.50 

31 

LARAMIE   RIVER  NEAR   UVA,  WYOMING. 

This  Station  was  established  in  1894  by  the  State  engineer  of  Wyo- 
ming. It  is  described  in  Water-Supply  Paper  No.  37,  page  21 G. 
Results  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  194.  The  station  was  discontinued 
March  31,  1900,  and  no  measurements  of  discharge  were  made  during 
the  year. 

Daily  gage  height,  in  feet,  of  Laramie  River  near  Uva,  Wyoming,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

....--..1 

Day. 

Jan. 

Feb. 

Mar. 

1 

12 

2 

... .... 

1.6 

13 

14 

1.4 

3  

1.6 

4 

15 

5 

16 

6 

1.6 

17 

l.tt 

2.3 

7 

18 

8 

19 

20 

1.4 

9 

10 

1.7 

1.8 

21 

11 

22 

Day.    I    Jan.    ,   Feb.       Mar. 


23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1.5 


1.5 


2.1 


1.9 


NORTH  PLATTE   RIVER  AT  GRIN  JUNCTION,  WYOMING. 

This  station  was  established  November  1,  1894,  by  the  State  engi- 
neer of  Wyoming.  It  is  described  in  Water-Supply  Paper  No.  37, 
page  217.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  196.  The  station  was 
discontinued  April  1,  1900,  and  no  measurements  of  discharge  were 
made  during  the  year. 
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DaUy  gage  tieight,  in  feet,  of  North  Platte  River  at  Orin  Junction,  Wyoming,  for 

1900. 


Day. 

Jan. 

Feb.  Mar. 

Apr. 

,  Day. 
12 

Jan. 

Fob. 

Mar. 

1.3 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

2.8 

23 

1 

2 

13 

24 

2.2 

1.7 

3 

1.5 

2.2 

U 

25 

4.:.... .:.: 

15 

16 

(a) 

26 

5 

27 

1 

6 

17 

2.2 

2.5 

28 

7 

18 

29 

30 

(a) 

8 

(a) 

19 

1 

9 

1  20 

1 
1 

31 

1 

10 

1.5 

i  21 

1 

! 

n 

22 

(a) 

1 

1 

o  Frozen. 


NORTH  PLATTE  RIVER  NEAR  GUERNSEY,  WYOMING. 

This  station  was  established  June  14,  1900,  by  A.  J.  Parshall.  It 
is  located  at  the  county  bridge  about  a  half  mile  northwest  of  Guern- 
sey. The  bridge  has  eight  piers,  the  sides  are  planked,  and  there  is 
uniform  flow  under  each  span.  The  location  is  an  excellent  one  for 
accurate  measurements.  The  rod  consists  of  a  4-inch  by  4-inch  by 
12-foot  scantling  firmly  attached  to  one  of  the  piers  of  the  bridge. 
As  the  station  was  to  be  a  temporary  one,  a  metallic  tape,  divided 
into  feet  and  tenths,  was  securely  fastened  to  the  rod.  The  bench 
mark  is  a  spike  driven  in  a  sleeper  of  the  bridge  1  foot  from  the  rod 
and  at  an  elevation  of  10.04  feet  above  the  zero.  The  channel  is 
straight  for  a  distance  above  and  below  the  station.  Both  banks 
are  high  and  do  not  overflow  at  high  stages.  The  bed  of  the  stream 
is  sandy,  but  probably  does  not  shift  much.  The  station  was  dis- 
cantinued  September  15,  1900.  During  1900  the  following  measure- 
ments were  made  by  A.  J.  Parshall: 

June  14:  Gage  height,  4.40  feet:  discharge,  9,792  second-feet. 
Jane  26:  G-age  height,  2.40  feet;  discbarge,  5,018  second- feet. 
Jnly  10:  Gage  height,  0.50  foot;  discharge,  1,805  second-feet. 
July  13:  Gkkge  height,  0.25  foot;  discharge,  1,876  second-feet. 
Aagnst  2:  Gage  height,  —0.20  foot;  discharge,  778  second-feet. 
Angnst  21:  Gage  height,  — 0.70  foot;  discharge,  430  second-feet. 

I^ily  gage  height,  in  feet,  of  North  Platte  River  near  Qii/emsey,  Wyoming,  for 

1900, 


Day. 

Jane. 

July. 

1 

2 

1.50 

3 

i.ao 

4 

1.20 

5 

1.00 

fl 

.90 

7 

.80 

8 

9 

.60 

10 

.60 

11.. 
12.. 

-    -    . 

.40 

.ao 

l;j 

•••• .*.• 

.25 

14 

4.40 
4.20 
3.90 

.20 

15 

16 

.70 

Aug.      Sept 


-O.20 

-  .20 

-  .25 

-  .25 


-0.90 


.ao 

.90 
.40 
.40 
.60 
.60 


.90 
.90 
.90 
.95 
.95 
.95 


Day. 


—  .70 

—  .70 

—  .70 

—  .70 


.95 
.95 
.95 
.95 
.95 
.95 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

:» 

31 


June. 


3.40 
3.40 
3.20 
3.00 
2.85 
2.70 


2.50 
2.40 
2.30 
2.20 
2.00 
1.90 


July. 


.40 

1.10 

.75 


.25 
.10 


.00 
.(6 
.10 
.00 
.10 
.05 


15 

10 


Aug. 


.70 
.80 


Sept. 


—  .90 

—  .80 

—  .70 

—  .70  1 

—  .75  ' 

—  .80 


~  .80 

—  .90 

—  .90 

—  .90 

—  .90 
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NORTH  PLATTE  RIVER  AT  GERING,  NEBRASKA. 

This  Station,  which  was  established  May  29,  1897,  is  located  at  the 
highway  bridge  at  Gering.  It  is  described  in  Water-Supply  Paper 
No.  37,  page  218.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  197.  During  1900  the 
following  measurements  of  discharge  were  made  by  R.  H.  Willis: 

Discharge  vieasurements  of  North  Platte  River  at  Qerirvg,  Nebmskam 


Date. 


1900. 

Aprill8 

April  27 

May  11 

May  23 

May  80 

June  12 

June  21 

June  28 

July9.  

July  19 


Qage 
height. 

Feet. 

Dis- 

oharge. 

Sec'/t.   I 

1.67 

5.251 

1.90 

7,138    1 

2.16 

10,980 

2.46 

10,909 

2.66 

12,371 

2.86 

13,706 

2.24 

9,231 

1.80 

6,321 

1.45 

2.874 

1.55 

3,947 

1 

1900. 

August  1 , 

August  10 

August  22 

August  30 

September  11  . . . 
September  20  . . . 

October  19 

October  20 

October  30 


Sec.-ft. 
1,152 
MS 
529 
385 
385 
366 
486 
999 
5:^ 


Daily,  gage  height^  in  feet^  of  North  Platte  River  at  Gering,  Nebraska,  for  1900. 


Day. 

Apr. 

May. 

June. 

2.75 
2.80 
2.90 
2.98 
2.85 
2.85 
2.82 
2.80 
2.78 

'"2.7i' 

2.71 
2.86 
2.76 
2.56 
2.46 
2.29 
2.23 
2.26 
2.19 
2.01 
1.89 
1.89 
1.91 
1.87 
1.81 
1.80 
1.76 
1.70 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

2.25 
2.20 
2.25 
2.40 
2.35 
2.35 
2.20 
2.15 
2.15 
2.05 
2.15 
2.16 
2.30 
2.36 
2.53 
2.62 
2.65 
2.56 
2.60 
2.45 
2.46 
2.49 
2.40 
2.35 
2.31 
2.29 
2.85 
2.50 
2.53 
2.60 
2.69 

1.70 
1.70 

I.n 

1.70 
1.60 
1.53 
1.53 
1.44 
1.44 
1.40 
1.30 
1.21 
1.10 
1.12 
1.29 
1.21 
1.30 
1.30 
1.56 
1.42 
1.25 
1.30 
1.22 

i.ao 

1.40 
1.21 
1.21 
1.19 
1.01 
1.05 
1.05 

1.00 
1.00 
1.02 
1.00 
1.01 
1.00 
.97 
.98 
.95 
.96 
.95 
.93 
.90 
.90 
.86 
.90 
.90 
.90 
.88 
.88 
.88 
.84 
.82 
.80 
.71 
.73 
.76 
.75 
.74 
.75 
.75 

0.78 

.n 

.78 
.79 
.76 
.77 
.73 
.76 
.75 
.80 
.85 
.87 
.90 
.90 
.90 
.85 
.80 
.80 
.77- 

:^ 

.75 
.75 
.75 
.60 
.62 
.60 
.61 
.55 
.53 

0.48 
.85 
.83 
.27 
.27 
.26 
.27 
.27 
.27 
.26 
.25 
.23 
.24 
.24 
.23 
.24 
.24 
.23 
.32 
.81 
.31 
.30 
.80 
.81 
.31 
.32 
.33 
.84 
.34 
.38 
.37 

0.35 

2 

.38 

3 

.36 

4 

.37 

5.            

.39 

6 

.40 

7        

.41 

8 

.40 

9 

.42 

10 -. 

1.05 

11 

1.04 

12 

1.08 

13 

1.04 

14 

al.05 

15 

16 

17 

18 

1.67 
1.60 
1.55 
1.55 
1.60 
1.85 
1.90 
1.88 
1.80 
1.90 
2.00 
2.00 
2.40 

19                                                 .     ... 

20 

21  

22 

23 

24 

25 

26 

27 

28 

29 

.30 

31 

a  Closed  for  winter  November  14. 
NORTH  PLATTE   RIVER  AT  CAMP   CLARKE,  NEBRASKA. 

This  station,  which  was  established  June  27,  189G,  consists  of  a 
timber  fastened  to  cross-ties  bedded  in  the  bank  of  the  river.  It  is 
described   in   Water-Supply   Pai)er  No.    37,    page   219.     Results   of 
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measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  198.  During  1900  the  following  discharge 
measurements  were  made  by  R.  H.  Willis: 

Discharge  measurements  of  North  Platte  River  at  Camp  Clarke^  Nebraska, 


Date. 


ihei^ 


ase 
iffbt. 


Dis- 
charge. 


lOQO. 

April  19 

April  28 

May  14 

May  25 

May  31 

June  13 

Jane  22 

Jane  29 

July  11 

July  20 


Date. 


Feet. 

Sec.-ft 

3.28 

4,928 

3.71 

7,146 

4.10 

11,838 

2.90 

9,181 

4.08 

10,434 

4.27 

11,334 

3.75 

7,6a'> 

3.85 

4,019 

2.74 

2.116 

3.08 

3.654 

1900 

July  28 

August  11 

August  24 

August  31 

September  12... 
September  21... 

October  3 

October  20 

October  31 


Oage 
height. 

Dis- 
charge. 

Feet. 

SeC'ft. 

2.61 

1,624 

2.20 

601 

2.05 

421 

1.96 

274 

2.08 

320 

2.08 

246 

2.10 

284 

2.18 

877 

2.26 

610 

Daily  gage  height,  in  feet,  of  North  Platte  River  at  Camp  Clarke,  Nebraska, 

for  1900. 


Day. 

Apr. 

May. 

June. 

July. 

1 

4.10 
3.85 
8.85 
4.05 
4.00 
8.98 
3.89 
3.92 
8.84 
3.94 
8.92 
3.99 
4.02 
4.10 
4.19 
4.27 
4.34 
4.23 
4.12 
4.05 
4.07 
4.09 
4.05 
3.91 
3.90 
3.82 
3.78 
3.91 
4.01 
4.11 
4.15 

4.29 
4.81 
4.45 
4.49 
4.52 
4.52 
4.48 
4.43 
4.48 
4.42 
4.34 
4.38 
4.27 
4.25 
4.28 
4.17 
4.10 
3.90 
3.89 
3.84 
3.81 
3.75 
3.51 
3.52 
3.48 
3.43 
3.39 
3.42 
3.33 
'    3.31 

3.31 

2 

3.27 
3.21 
3.15 

3 

4 

5 

3.06 

6 

2.95 

7 

2.91 

8 

2.90 
3.08 
3.23 
3.20 
8.27 
3.16 
8.28 
3.42 
3.35 
3.20 
3.30 
3.24 
3.22 
3.21 
3.26 
3.57 
3.57 
3.59 
3.48 
3.57 
3.71 
3.89 
3.79 

2.71 
2.70 

9 

10 

2.73 

11 

2.71 
2.62 
2.62 
2.62 
2.74 

12 

13 

14 

L5 

16 

2.72 

17 

2.62 
2.73 
2.68 
3.06 
2.83 
2.77 
2.78 

18 

19 

20 

21 

22 

23 

34 

2.83 

25 

2.62  ; 

26 

2.70 

27 

2.59 

28 

2.59 

29 

2.50 

3U 

2.40 

31 

2.32 

Aug.      Sept.       Oct 


2.25 
2.33 
2.30 
2.38 
2.23 
2.24 
2.26 
2.20 
2.20 
2.20 
2.16 
2.15 
2.15 
2.15 
2.11 
2.11 
2.10 


2.07 
2.05 
2.07 
2.05 
2.03 
2.06 
2.03 
2.01 
2.00 
1.90 
1.90 
1.93 
1.95 
1.99 


1.98 
1.92 
1.95 
1.96 
2.02 
1.97 
1.98 
1.93 
2.08 
2.08 
2.10 
2.09 
1.96 
1.98 
2.05 
2.0G2 
2.05 
2.07 
2.04 
2.01 
2.03 
2.02 
2.01 
2.15 
2.19 
2.20 
2.15 
2.15 
2.14 
2.10 


2. 
2. 


2.10 
2.05 
09 
,08 
2.07 
2.15 
2.11 
2.10 
2.10 
2.08 
2.09 
2.11 
2.14 
2.16 
2.18 
2.15 
2.15 
2.16 
2.18 
2.19 
2.20 
2.21 
2.20 
2.20 
2.21 
2.21 
2.22 
2.21 
2.23 
2.25 
2.25 


Nov. 


2.23 
2.23 
2.22 
2.24 
2.24 
2.25 
2.26 
2.28 
2.30 
a  2. 31 


a  Closed  for  winter. 


NORTH  PLATTE  RIVER  AT  NORTH  PLATTE,  NEBRASKA. 

This  Station,  which  was  established  in  1894,  is  3.5  miles  above  the 
junction  of  South  Platte  River.  It  is  described  in  Wat-er-Supply 
Paper  No.  37,  page  220.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  199.  During 
1900  one  discharge  measurement  was  made  by  Adna  Dobson,  as 
follows : 

December  20:  Gage  height,  2.30  feet;  discharge,  1,223  second-feet. 

IRR  49—01 6 
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Daily  gage  height,  in  feet,  of  Nortfi  Platte  River  at  North  Platte,  Nebraska,  for 

1000, 


1... 

2... 

3... 

4... 

6.... 

6... 

7.... 

8.... 

9.... 
10..-. 
11... 
12... 
13... 

15.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22... 
a3-... 
24... 
25.... 
26.... 
27..-. 
28.  .. 
29... 
30.... 
31.... 


Day. 


Jan.    Fob.   Mar.  Apr.  May.  June.  July    Aug.  Sept. 


I 


2.40 
2.35 

2.20 

2.a5 

2.40 
2.50 

2.m 

2.70 

2.  SO 
2.80 
2.80 
2.90 
2.90 
2.90 
2.ft5 
3. 00 
3.00 
3.(X) 
2.85 
2.85 
2.75 
2  IM) 
«5 
70 

rn) 

55 
2.00 
1.70 
1.90 
2.00 
2.00 


2.00 
2.05 
2.20 
2.20 
2.25 
2.35 
2.  a") 

•7  OS. 

2.20 
2.30 
2.40 
2.40 
2.30 
2.30 
2.60 
2.40 
2.30 
2.a5 
2.40 
2.50 
2.50 
2.65 
70 
80 
80 
70 
60 
60 


2.70 
2.85 
3.00 
3.10 
3.10 
3. 10 
2.80 
2.80 
2.80 
2.80 
2.75 
2.50 
2.30 
2.15 
2.00 
2.40 
2.80 
2.30 
2.10 
2.00 
2.40 
2.  .50 
2.40 
2.  .50 
2.45 
2.40 
2.40 
2.30 
2.30 
»>  »>x 

2.a> 


I 


1? 


30 
30 
20 
25 

m 

40 
.50 
6*) 
2.  .50 
2.50 
2.55 
2.60 
2.65 
2,60 
2.70 
2.90 
2.90 
2.90 
2.80 
2.70 
2.65 
2.70 
2.80 
2.90 
00 
10 
10 
3.05 
2.90 
2.95 


3. 
3. 
3. 
3. 


3. 
3. 
3. 


3.20 
3. 15 

3.:» 

3.J« 
3.a5 
50 
50 
40 
25 
3.20 
3.20 
3.20 
3.25 
8.30 
3.30 

3.;w 

3.30 
3.45 
3.60 
3.60 
3.50 
3.50 
3.45 
3.40 
3.40 
3.35 
3.30 
3.25 
3.20 
3.20 
3.40 


I 


3. 
3. 


3.45 
3.50 
3.50 
3.65 

3.80 
a  85 
&5 
90 
3.80 

a  75 
a  70 
a  60 
a  50 

3.50 
a  55 

a  60 

3.60 

a  60 
a  45 
a  30 
a  30 
a  20 
a  10 
a  10 
a  10 

(,0 
90 
90 
80 
2.80 


1   ' 


2.85 
2.60 

2.m 

2.60 
2.90 
2.80 
2.80 
2.65 
2.45 
2.2») 
2.15 
2.10 
2.2r) 
2.10 
2.10 
2.15 
2.10 
2.05 
1.90 
2.00 
2.00 
2.00 
2.10 
2.a5 
2.35 
2.50 

2.a5 

2.00 
2.00 
2.00 
1.90 


1.85 
1.75 
1.60 


45 
50 
80 
30 
1.95 
1.95 
1.65 
1.60 


1. 
1. 
1. 
1. 


.60 
50 
45 

,30 
1.30 
1.25 
1.15 
1.10 

.ft5 
1.45 
1.50 

i.a5 

1.50 
1.45 
1.40 
1.20 
1.20 
1.00 
1.00 
.90 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.95 
.90 
.90 
.90 
.80 
.80 
.90 
.90 
.95 
.95 
.95 
.90 
.90 
.90 
.90 
.90 
.90 
1.00 
1.10 
1.10 
1.25 


Oct. 

Nov. 
1.80 

Dec. 

1.40 

2.10 

1.40 

1.80 

2.30 

1.40 

1.80 

2.2» 

1.40 

1.80 

2.2:» 

1.30 

1.70 

2.10 

1.30 

1.70 

2.30 

1.30 

1,75 

2.35 

1.30 

1.80 

2.30 

1.30 

1.80 

2.30 

1.30 

1.70 

2.20 

1.30 

1.75 

2.25 

1.40 

1.85 

2.30 

1.40 

1.80 

2.30 

1.40 

l.a5 

2..10 

1.40 

1.90 

2.20 

1.40 

1.85 

2.20 

1.50 

1.80 

2.20 

1.50 

1.75 

2.3[) 

1.50 

1.60 

2.20 

1.50 

1.70 

2.30 

1.60 

1.95 

2.30 

1.50 

1.95 

2.40 

1.50 

2.00 

2.00 

1.60 

1.95 

2.00 

1.70 

2.20 

2.40 

1.60 

2.25 

2.45 

1.60 

2.30 

1.85 

1.60 

2.15 

1.80 

1.65 

2.00 

1.60 

1.70 

2.00 

1.75 

SOUTH   PLATTE   RIVER. 


The  South  Phitte  rises  in  the  higli  mountain  peaks  surrounding  the 
basin  known  as  South  Park,  near  the  center  of  the  State  of  Colorado. 
These  mountains  vary  in  altitude  from  14,000  feet,  in  the  Park  Range, 
to  9,000  feet,  in  South  Park.  From  the  point  where  the  stream  issues 
from  the  mountains  at  Platte  Canyon  it  flows  in  a  northerly  direction 
through  Denver  to  its  junction  with  the  Cache  la  Poudre  near  Gree- 
\ey,  thence  in  a  northeasterly  direction  until  it  leaves  the  State  a  short 
distance  to  the  northeast  of  Julesburg',  and  thence  in  an  easterly  direc- 
tion to  its  junction  with  the  North  Platte  near  North  Platte,  Nebraska. 

The  tributaries  may  be  divided  into  two  classes:  (1)  Those  which, 
like  the  headwaters  of  the  South  Platte,  rise  in  the  mountains,  and 
(2)  those  which  drain  the  plains  east  of  the  mountains.  The  princi- 
pal tributaries  of  the  first  class,  in  their  order  down  the  river,  are 
Bear  Creek,  Clear  Creek,  St.  Vrain  Creek,  Boulder  and  South  Boulder 
creeks.  Big  Thompson  Creek,  and  Cache  la  Poudre  River.  Among 
those  of  the  second  class  there  may  be  named,  as  especially  worthy  of 
consideration.  Cherry  Creek,  Lone  Tree  Creek,  Boxelder  Creek,  Bijou 
Creek,  Beaver  Creek,  and  Pawnee  Creek.  There  are  many  others  of 
lesser  note.  The  streams  of  the  first  class — those  flowing  from  the 
mountains — resemble  the  upper  reaches  of  the  South  Platte  in  that 
they  furnish  a  perennial  supply  of  water,  which  varies,  however,  with 
the  season,  the  discharge  being  great  during  the  flood  stages  and  low 


COLORADO.  279 

(luring  the  latter  part  of  the  summer  and  in  the  fall  and  winter.  The 
streams  from  the  plains,  on  the  other  hand,  are  intermittent  in  their 
nature,  usually  furnishing  water  only  during  storms  or  the  melting  of 
snows.  In  general  it  may  be  said  that  the  normal  perennial  discharge 
of  all  of  the  streams  of  this  division  is  claimed  and  used  for  irrigation, 
but  great  quantities  of  water  go  to  waste  during  the  flood  stages  and 
in  times  of  storms.  As  there  is  a  vast  amount  of  land  upon  the  plains 
adjacent  to  the  South  Platte  that  might  be  irrigated  if  there  were  a 
suflScient  supply  of  water,  the  question  of  storage  becomes  one  of 
great  importance,  and  the  Geological  Survey  is  now  studying  this 
problem,  examining  such  reservoir  sites  as  are  considered  capable  of 
storing  considerable  quantities  of  water.  It  is  hoped  that  reservoirs 
will  be  constructed  to  prevent  the  loss  of  this  great  amount  of  water, 
which,  if  properly  stored,  would  become  one  of  the  gi'eatest  assets  of 
the  arid  region. 

An  interesting  feature  of  the  South  Platte  Basin  is  the  fact  that  in 
all  of  its  valleys  there  is  a  great  return  from  seepage,  which  is  increas- 
ing from  year  to  year,  as  may  be  seen  in  the  tables  of  seepage  meas- 
urements of  this  river  published  by  the  State  engineer  of  Colorado. 
The  underground  water  supply  of  the  plains  in  this  basin  is  also  being 
studied,  and  the  results  of  the  investigations  will  be  of  gi-eat  interest 
in  determining  the  possibilities  of  procuring  water  from  artesian 
sources  for  stock  purposes  and  possibly  for  the  irrigation  of  small  tracts 
of  land.  The  surface  flow  of  the  intermittent  streams  of  the  plains 
may  be  made  available  for  irrigation  purposes  by  the  construction  of 
suitable  reservoirs,  a  few  of  which  are  now  being  utilized  by  corpora- 
tions and  private  parties.  The  most  notable  projects  of  this  charac- 
ter which  have  been  under  way  in  the  basin  during  the  year  are  the 
Lake  Cheesman  dam,  which  is  being  constructed  by  the  Denver  Union 
Water  Company,  C.  L.  Harrison,  chief  engineer,  and  the  Bijou  Irri- 
gation Company's  reservoii*s  in  the  neighborhood  of  Orchard.  The 
Lake  Cheesman  reservoir  is  especially'  noteworthy  on  account  of  the 
great  height  of  its  dam  (215  feet)  and  the  amount.of  water  to  be  stored. 
The  dam  will  be  of  solid  masonry.  The  reservoir  sites  of  the  Bijou 
Irrigation  Company  are  natural  basins,  along  the  rims  of  which 
embankments  will  be  constructed,  thus  storing  large  quantities  of 
water,  which  vnll  be  conducted  from  the  river  through  canals.  Any 
gi'eat  extension  of  the  irrigated  area  of  this  district  must  depend  upon 
the  construction  of  additional  reservoirs  and  upon  improvements  in  the 
use  and  distribution  of  water.  The  present  system  of  distribution 
throughout  this  section,  as  in  nearly  all  of  the  arid  region,  is  ver}'^  extrav- 
agant, in  many  cases  there  being  several  times  the  number  of  ditch 
lines  that  the  most  economical  use  would  demand,  while  much  water 
goes  to  waste  in  marshes  and  swamps  which  might  be  drained,  and 
-an  increased  supply  thus  be  made  available. 
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SOUTH  FORK  OP  SOUTH  PLATTE  RIVER  AT  LAKE  CHBESMAN,  COLORADO. 

During  the  year  1900  the  engineers  in  charge  of  the  construction  of 
the  dam  at  Lake  Cheesman  kept  practically  continuous  records  of  the 
gage  heights  and  discharge  of  Goose  Creek  and  South  Platte  River 
above  their  junction,  and  also  of  the  combined  discharge  below  the 
junction,  the  latter  measurements  being  made  below  the  dam.  The 
accompanying  table  of  discharge  measurements  at  the  latter  place 
was  obtained  through  the  courtesy  of  Mr.  C  L.  Harrison,  at  present 
chief  engineer  of  the  Denver  Union  Water  Company.  The  discharge 
for  February  is  estimated,  but  it  may  be  considered  approximately 
correct.  Discharges  for  the  other  months  are  from  actual  measure- 
ments, which  are  usually  made  three  times  a  day,  but  sometimes 
oftener.     The  results  may  be  considered  very  nearly  correct. 

SOUTH  PLATTE  RIVER  NEAR  PLATTE   CANYON,  COLORADO. 

This  station  was  iocated  about  2  miles  above  the  Colorado  and 
Southern  Railroad  station  at  Platte  Canyon.  It  was  maintained  by  the 
Denver  Union  Water  Company  for  some  time  previous  to  any  coopera- 
tion on  the  part  of  the  Survey,  which  began  April  1,  1899.  The  gage 
rod  was  a  2-inch  by  2-inch  inclined  timber  on  the  right-hand  side  of  the 
stream,  the  graduations  being  marked  with  brass  nails.  Measure- 
ments of  discharge  were  made  from  the  footbridge  constructed  by  the 
water  company  at  the  rod.  Readings  were  taken  until  June  2, 1900, 
inclusive,  when  extremely  high  water  carried  away  the  gage  rod, 
which  has  not  yet  been  replaced.  Only  two  measurements  were  made 
in  1900.  The  channel  at  this  point  is  rocky,  but  the  high  water 
changed  it  materially,  so  that  it  will  be  best  for  a  new  location  to  be 
selected.  A  station  at  this  place  is  of  great  importance,  and  one 
should  be  maintained  with  care.  A  cable  should  be  stretched  across 
the  river,  with  a  traveling  car,  at  such  a  height  as  to  preclude  the 
danger  of  its  being  washed  away  by  floods.  The  figures  given  in 
the  table  show  the  actual  discharge  of  the  river  at  Platte  Canyon 
before  any  water  is  diverted  for  irrigation  or  other  purpose,  except 
that  taken  out  by  the  Denver  Union  Water  Company  a  short  distance 
above  the  station,  for  the  supply  of  the  city  of  Denver. 

Readings  were  taken  by  James  Proctor,  of  Littleton,  Colorado,  who 
is  in  charge  of  the  pumping  station  of  the  Denver  Union  Water  Com- 
pany at  that  place.  While  the  station  was  being  maintained  gage 
readings  were  furnished  to  the  officers  of  the  United  States  Weather 
Bureau  at  Denver,  who  had  them  published  in  the  papers. 

A  description  of  the  station  was  published  in  Water-Supply  Paper 

No.  87,  page  224.     The  results  of  measurements  for  1899  will  be  found 

in  the  Twenty-first  Annual  Report,  Part  IV,  page  201.     During  1900 

the  following  measurements  were  made  by  A.  L.  Fellows: 

March  o:  Gage  height,  —0.40  foot;  discharge,  87  second-feet. 
April  18:  Gage  height,  1.55  feet;  discharge,  467  second-feet. 
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Daily  gage  height,  in  feet,  of  South  Platte  River  near  Platte  Canyon,  Colorado, 

for  1900, 


Day. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 


Jan. 

1 

1 
Feb.  Mar. 

Apr. 
0.2 

0.3 

-0.6  -0.5 

.2 

-  .6  —  .4 

.2 

.1 

-  .7  -  .3 

.2 

.1 

.7        .3 

.3 

.1 

-  .7  -  .3 

.4 

.1 

-  .7  1—  .6 

.6 

.0 

-  .7  -  .4 

.6 

.0 

-  .7  1-  .2 

.8 

—.2 

—  .7  !-  .1 

.8 

—.4 

-  .7  —  .2 

.9 

—.3 

-  .8  '-  .1 

.7 

—.6 

-  .8  i-f-  .2 

.8 

—.4 

—  .9  ,      .4 

1.0 

-.4 

—  .9        .6 

1.1 

—.4 

-  .9        .5 

1.6 

—.5 

-  .9        .6 

1.6 

5.6  17 

5.6  ,  18 

(a)  I  19 

'  20 


.5 

-0.8 

.5  —  .8 

.4   -  .8 

.4  —  .8 

.4 

0» 
—  .  i 

.4 

—  .7 

.3 

-  .6 

.3 

.  J 

.4 

-  .7 

.5  1-  .7 

.4  -  .7 

.4 

.  i 

.3 

.4 
.6 

0.5 
.5 
.5 
.4 
.3 
.3 
.3 
.4 
.4 
.4 
.4 
.8 
.3 
.3 
.2 


Apr. '  May.  June. 


1.4 

6.3  ! 

1.6 

5.4 

1.9 

5.4 

2.6 

4.5 

8.3 

4.5 

»>•**« 

37 

4.8  1 

3.8 

4.8  1 

3.8 

4.6    

3.9 

4.0 

4.8 

3.8 

3.8 

4.9  , 

4.2 

5.2  1 

5.1 

5.3   

4.8 

5.4  1 

5.5 

aOage  washed  away. 


bGage  oat. 


SOUTH  PLATTE  RIVER  AT  DENVER,  COLORADO. 

This  station  is  located  at  the  Fifteenth  street  bridge  in  the  city  of 
Denver,  a  short  distance  below  the  mouth  of  Cherry  Creek.  It  was 
established  July  15,  1895,  and  has  been  maintained  continuously. 
For  a  portion  of  the  last  year  two  rods  were  in  use,  one  on  the  left 
bank  and  the  other  on  the  right  bank  a  short  distance  below  the 
bridge.  Both  were  inclined  rods.  The  rod  on  the  left  bank  was 
washed  out  by  the  high  water  of  June,  1900,  which  also  removed  the 
sand  bar  in  front  of  the  rod  on  the  right-hand  side,  making  it  avail- 
able at  low- water  stages,  which  it  had  not  been  before,  and  since  that 
time  the  readings  have  been  taken  from  the  latter  rod.  The  bench 
mark  is  a  cross  on  the  north  corner  of  the  top  of  the  east  abutment  of 
the  Fifteenth  street  bridge,  and  is  15.15  feet  above  gage  datum.  The 
river  at  this  point  is  confined  between  slag  embankments,  but  owing 
to  the  shifting  sandy  bottom  the  channel  is  veiy  changeable,  render- 
ing necessary  fre'quent  changes  in  the  rating  tables.  The  observ^a- 
tions  have  been  made  by  the  water  commissioners  of  water  district 
Xo.  2,  in  which  Denver  is  located,  W.  J.  Southland  and  his  successor, 
S.  M.  Matlock.  During  1900  eleven  gagings  were  made  at  this  point. 
The  daily  gage  height,  with  corresponding  discharge,  was  published 
in  the  Denver  papers  by  the  United  States  Weather  Bureau.  A 
description  of  the  station  was  published  in  Water-Supplj'  Paper 
No.  37,  page  225.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  202.  During 
1900  the  following  measurements  were  made  by  A.  L.  Fellows  and 
R.  W.  Hawley: 

Discharge  measurements  of  South  Platte  River  at  Denxicr,  Colorado, 


Date. 


1900. 

March  6 

April  12 

April  16 

April  20 

April  23 

June  11 


Oasre 

Dis- 

heiffht. 

charge. 

Feet. 
5.50 

Sec.-ft. 

5.90 

377 

7.24 

1,459 

7.10 

1,385 

8.32 

3,516 

8.50 

3.270 

1900. 

July  25 

Aufinist  7 

Au(ni8t29 

October  20 

October  22 
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Daily  gage  height,  in  feet,  of  South  Platte  River  at  Denver,  Colorado,  for  1900, 


Day. 

Jan. 

5.30 

6.a5 

6.35 
6.30 
6.25 
5.35 
5.35 
5.40 
5.35 
5.46 
5.60 
5.40 

6.:io 

5.a5 
5.45 
6.40 
6.a5 
6.45 
6.a5 

Pel). 

s.a's 

5.46 
6.20 
6.25 
.5.25 
6.35 
6.40 
5.30 
6.25 
6.25 
5.20 
5.25 
5.25 
5.30 
5.30 
5.40 
6.35 
6.40 
5.45 

Mar. 

Apr. 

May.  Jane. 

July.  Aug. 

Sept. 

4.75 
a  4. 75 
a  4. 75 
4.75 
4.85 
4.70 
4.a5 
5.05 
4.90 
4.85 
4.95 
6.60 
5.60 
5.J15 
5.00 
6.05 
6.20 
6.15 
6.25 
6.10 
6.10 
5.10 
4.90 
4.85 
5.00 
5.20 
5.20 
6.20 
5.00 
4.90 

.-  - 

Oct. 

Nov. 

Dec. 

1 

2 

5.25     5.05 
6.35     5.00 

9.40 
9.40 
9.40 
9.40 
9.35 
9.a5 

8.75 
8.92 
8.90 
9.00 
8.90 
8.80 

6.65     5.00 
6.55     5.10 
6.35     5.20 

4.90 
4.80 
4.80 
4.90 
4.90 
4.85 
4.70 
4.80 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
5.20 
6.10 
5.00 
6.00 
5.00 
6.20 
5.20 
5.20 
.5.10 
5.00 
6.10 
5.10 
4.90 
4.90 
4.90 
4.90 

5.00 
5.10 
5.10 
5.40 
5.30 
5.») 
5.20 
5.30 
6.30 
6.30 
6.30 
6.30 
5.20 
5.20 
5.10 
6.10 
5.10 
•5.20 
5.20 
5.20 
5.30 
5.40 
5.40 
5.50 
5.50 
5.60 
5.40 
6.40 
5.30 
5.20 

5.00 
5.10 

3 

5.25 
5.30 
5.45 
5.45 
5.25 
5.20 
5.20 
5.20 
6.30 
5.20 
5.40 
5.40 
6.40 
6.25 
5.30 
5.35 
5.25 
5.40 
5.30 
5.25 
5.25 
6.20 
6.30 
5.25 
6.a5 
6.40 
6.35 
6.10 
6.10 

5.10 
5.05 
5.30 
5.50 
5.60 
5.50 
6.00 
6.95 
6.60 
6.45 
8.20 
6.30 
6.65 
7.36 
7.60 
6.80 
6.75 
7.70 
7.75 
7.95 
8.40 
8.40 
8.40 
8.40 
8.06 
8.10 
9.75 
9.50 

.5.20 

4 

6.36 
6.30 
6.30 
6.31) 
6.30 
6.20 
6.20 
6.10 
5.70 
5.55 
5.45 
5.40 
5.40 
5.60 
5.35 
5.10 

6.40 
5.45 
5.60 
5.50 
5.  .55 
5.46 
6.45 
5.50 
5.35 
.5.35 
5.10 
.5.15 
5.05 
4.90 
4.95 
4.80 
4.95 
4.90 
6.00 
4.95 
5.05 
5.20 
6.10 
6.00 
4.95 
4.90 
4.80 
4.70 

5  20 

u 

6 

.5.20 
5.3r) 

7 ... ..._■.,..-... 

9.35  1  8.60 
9.40  i  8.50 
9.45     8.50 
9.40     8.55 
9.50     8.55 
9.50     8.50 

.5.20 

8 : 

9 

5.:*) 

.5.3(» 

10 

5.1(1 

11 

5.21) 

12 

.5.20 

13 

14 

9.40 
9.00 
8.75 

8.46 
8.40 
8.15 

5.:» 
5.30 

15 -•..-. 

5.;« 

16 

8.50  ,  8.00 
8.40     7.95 
8. 48     7. 70 
8.30     7.60 

5.2f) 

17 

5.20 

18 

19 

5.2U 
5.30 

20 

5.30  I  5.50 

8.40     7.58  1  .5.15 
8.60     7.35  1  5.00 

5.31) 

21 

6.40 
6.30 
6.40 
6.85 
6.45 
5.35 
6.25 
6.35 
5.35 
6.40 
6.30 

5.45 
6.36 
6.25 
6.25 
5.30 
6.35 
6.40 
6.30 

5.40 

22 

8,50 
8.50 

7.25 
7.45 

5.00 
5.15 

6.40 

23 

5.30 

24 

8.a5     7.55,5.16 
8.40     7.55     6.85 
8.30  1  7.50  1  5.60 

6.:)ii 

25 

.5.20 

26 

5.2>» 

27 

8.45 
8.  .50 
8.75 
8.70 
8.75 

7.45 
7.25 

5.65 
5.60 

.5.30 

28 

5.41 

29 

7.05     5.50 
6.70  t  5.30 

5.4o 

30 

5.  .iO 

31 

6.00 

5.40 

aEsti 

[matec 

I. 

SOUTH  PLATTE   RIVER  AT   ORCHARD,    COLORADO. 

This  Station  is  on  the  lower  part  of  the  South  Platte,  below  all  of 
the  mountain  drainage  tributary  to  that  stream.  The  gage  rod,  which 
is  vertical,  is  fastened  to  a  pile  at  a  wagon  bridge  about  a. quarter  of 
a  mile  southwest  of  the  Union  Pacific  Railroad  station  at  Orchard. 
The  station  was  first  established  in  November,  1895,  and  has  been 
maintained  during  the  greater  part  of  the  time  since.  During  the 
last  year  the  gage  rod  had  to  be  moved  twice,  owing  to  changes  in  the 
channel.  The  left  bank  of  the  river  is  high,  but  the  right  bank  is 
low  and  is  likely  to  overflow.  The  bed  of  the  stream  is  sandy  and 
shifting,  but  the  cross  section  did  not  change  materially  during  1900. 
The  station  has  been  of  great  value  in  demonstrating  the  fact  that 
large  quantities  of  water  go  to  waste  during  floods  and  during  the 
winter  season,  a  great  portion  being  seepage  or  return  water.  As  a 
result  of  the  investigations  at  this  place,  a  large  irrigation  enterprise 
has  been  undertaken — namely,  that  of  diverting  water  from  the  river 
near  Hardin  for  the  purpose  of  irrigating  lands  in  the  vicinity  of  Fort 
Morgan,  the  water  to  be  stored  in  large  reserv^oirs,  which  are  referred 
to  elsewhere  (page  270,  Bijou  Irrigation  Company's  reservoirs).  The 
existence  of  a  large  flow  having  been  demonstrated,  it  is  now  thought 
best  that  the  station  should  be  changed  to  a  point  farther  upstream, 
probably  at  Kersey,  where  another  large  ditch  might  possibly  be  taken 
out.  A  description  of  the  station  was  published  in  Water-Supply 
Paper  No.  37,  page  226.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twentj^-first  Annual  Report,  Part  IV,  page  203.     During 
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1900  the  following  measurements  were  made  by  A.  L.  Fellows  and 
R.  W.  Hawley: 

March  7:  Gage  height,  2.85;  discharge,  668  second-feet. 
April  21:  Gage  height,  5  feet:  discharge.  4,674  second- feet. 
July  23:  Gage  height.  1.35  feet;  discharge,  156  second-feet. 
October  27:  Gage  height,  2.70  feet;  discharge,  324  second-feet. 

Daily  gage  height,  in  feet,  of  South  Platte  River  at  Orchard,  Colorado,  for  1000, 


Day. 


Jan.  !  Feb.   Mar.  Apr.   May.;June.  July.  Aug,  Sept.  Oct.    Nov 


1 

4.00 
4.00 
3.90 
3.90 

2.90 
2.90 
2.90 
2.90 

3.20 
3.30 
:^.30 
3.20 

2.70 
2.70 
2.90 
3.00 

8. 50     6. 50 

2 

8.50  '  6.5() 

3 

8.00 
8.00 

6.50 

4 

6.50 

5 

3.90 

2.90 

3.00 

3.20 

8.00 

6.30 

6 

3.90 

2.90 

2.85 

3.30 

8.20 

6.00 

7 

3.90 

2.90 

2.a5 

8.40 

8.00 

5.90 

8 

3.90 

2.90 

2.85 

3.40 

7.80 

5.80 

9 

3.60 

2.90 

2.85 

3.  .50 

7.50 

5.70 

10 

3.00 

2.90 

2.85 

3.60 

7.30 

5.60 

U 

3.60 

3.0J1 

2.85 

3.75 

7.50 

5.50 

12 

3.(«) 

3.00 

3.80 

3.90 

8.00 

5.40 

13 

3.60 

3.00 

2.80 

4.00 

8.20 

5.30 

U 

3.50 

3.;% 

2.80 

4.10 

8.(K) 

5.30 

15 

3.50 

3.30 

2.80 

4.50 

7.80 

5.10 

16 

3.40 
3.30 
3.20 

8.30 

3.;io 

3.50 

2.80 
2.80 
2.80 

5.00 
6.25 
6.70 

7.00 
6.80 
6.00 

4.90 

17 

4.80 

18 

4.76 

19 

3.00 

3  50 

2.70 

5.50 

5.80 

4.70 

20 

2.80 

3.50 

2.70 

5.20 

6.00 

4.60 

21 

2.m 

3.50 

2.70 

5.00 

7.00 

4.50 

22 

3.90 

3.40 

2.70 

5.30 

6.00 

4.30 

23 

2.90 

3.40 

2.70 

6.50 

6.00 

4.20 

24 

2.90 
2.90 
2.90 
3.90 
2.90 
2.90 

3.40 
3.30 
3.20 
3.20 
8.20 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

6.40 
6.30 
6.10 
6.00 
6.00 
6.30 

6.00 
6.00 
6.00 
6.30 
6.50 
6.70 

4.00 

25 

3.90 

as 

3.80 

27 

3.70 

28 

3.50 

29 

3.00 

30 

2.90 

2.70 

7.30 

6.80 

2.80 

31 

2.90 

1 

2.7(1 

6.70 

2.70 
2.50 
2.40 
2.30 
2.30 
2.10 
2.00 
2.00 
1.90 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
1.35 
1.35 
1.35 
1.35 
1.35 

i.a5 

1.35 


1. 
1. 
1. 
1. 
1. 


35 
30 


1.30 


1.30 
i.30 
1.30 
1.35 
1.40 
1.40 


1.20 
1.30 
1.15 
1.10 
1.10 
1.10 
1.10 
10 
10 
10 
10 
10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1. 10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


1.10 


10 
10 
10 
20 
30 


1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
l.J«) 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.50 
1.65 
1.80 
1.95 
2.10 
2.30 
2.30 


2.40 
2.50 
2.60 
2.60 
65 
70 
70 
70 
70 


2.70 
2.70 
2.70 
2.70 


2. 
2. 
2. 
2. 
2. 


70 
70 
70 
70 
70 


2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 


2.70 
2.70 
2.70 
2.75 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 
2.86 
2.85 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


80 
,80 
80 
80 
80 
2.80 
2.80 
2.80 
2.80 
2.80 


2. 
2. 
2. 
2. 
2. 


Dec. 


2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


SOUTH  PLATTE   RIV^ER  AT  JULESBURG,  COLORADO. 

Althoagh  no  station  has  yet  been  established  at  this  place,  one  is 
greatly  needed.  A  rod  was  attached  to  the  wagon  bridge  about  a 
mile  southeast  of  the  Union  Pacific  Railroad  station  at  Julesburg, 
but  no  one  was  found  who  would  make  the  observations,  so  that  no 
record  has  been  kept.  A  station  here  would  be  of  great  value,  as  the 
bridge  referred  to  is  not  far  from  the  State  line,  and  a  knowledge  of 
the  discharge  passing  from  Colorado  into  Kansas  could  thus  be 
obtained.  The  channel  is  very  wide,  as  it  is  throughout  the  lower 
portion  of  the  river,  and  on  this  account  the  results  obtained  would 
necessarily  be  approximate ;  but  they  would  nevertheless  be  valuable. 
Within  the  last  two  years  four  measurements  have  been  made  at  this 
place,  as  follows: 

Diacliarge  meaasurements  of  South  Platte  River  at  Julesburg,  Colorado, 

September  U,  1899 2 

November  12, 1899 1,120 

March8,1900 2,291 

November  2, 1900 76 
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On  December  20,  1900,  the  South  Platte  was  measured  at  North 
Platte,  Nebraska,  by  Adna  Dobson,  and  a  dLscharge  of  063  second- 
feet  was  found. 

BEAR  CREEK  NEAR  MORRISON,  COLORADO. 

Bear  Creek  is  one  of  the  smaller  tributaries  of  the  South  Platte, 
heading  in  the  vicinity  of  Mount  Evans,  about  30  miles  southwest  of 
Denver,  and  entering  the  main  stream  about  8  miles  above  that  city. 
Although  usually  of  small  volume,  the  stream  drains  a  considerable 
portion  of  very  mountainous  country,  which  is  subject  to  more  or  less 
violent  cloudbursts,  so  that  floods  sometimes  come  down  this  creek, 
causing  great  destruction  to  property  and  even  the  loss  of  life.  All 
of  the  normal  flow  of  the  stream  is  used  for  irrigation,  and  it  is  only 
during  high-water  stages  that  a  large  amount  of  water  passes  through 
it.  Records  of  its  flow  have  been  kept  for  a  portion  of  each  irrigation 
season  since  April,  1888,  with  the  exception  of  the  years  1892,  1893, 
and  1894.  The  present  station  was  established  April  IG,  1899.  It  is 
located  just  above  the  little  town  of  Morrison.  The  gage  rod,  which 
is  a  2-inch  by  4-inch  timber  placed  vertically  and  marked  in  feet  and 
tenths,  is  fastened  to  the  upper  side  of  the  dam  which  diverts  water 
into  the  mains  of  the  Denver  Union  Water  Company.  The  bench 
mark  is  the  top  of  a  granite  bowlder  about  100  feet  above  the  rod  on 
the  left-hand  side  of  the  stream,  and  it  is  10.33  feet  above  the  gage 
datum.  As  in  previous  j'ears,  the  station  was  maintained  through 
cooperation  with  the  Denver  Union  Water  Company.  Owing  to  the 
formation  of  a  gravel  bar  in  the  summer  of  1900,  the  conditions  were 
for  some  time  radically  changed  from  the  normal,  and  during  the 
month  of  September  no  gagings  were  taken.  The  observer  is  S. 
Hebrew,  an  employee  of  the  Denver  Union  Water  Company.  Tables 
of  gage  heights  and  discharge  measurements  for  1899  will  be  found  in 
Water-Supply  Paper  No.  37,  pages  227  and  228.  Table  of  the  monthly 
flow  for  that  year  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  204.  During  1900  the  following  measurements  were 
made  by  A.  L.  Fellows: 

March  9:  Gage  height,  1.40  feet;  discharge,  17  second-feet. 
April  14:  Givge  height,  2.85  feet;  discharge,  47  second-feet. 
April  25:  Gage  height,  5.80  feet;  dipcharge,  367  second-feet. 
August  7:  Gage  height,  3.20  feet;  discharge,  63  second-feet. 
September  6:  No  gage  height  taken  (conditions  abnormal);  discharge, 
24  second-feet. 
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Daily  gage  height,  in  feet,  of  Bear  Creek  near  Morrison,  Colorado,  for  1900, 


Day. 

Apr. 

May. 

6.70 
6.25 
6.30 
6.20 
6.20 
6.80 
6.40 
6.50 
6.50 
6.70 
6.90 
6.75 
6.66 
6.45 
6.20 
6.06 
5.90 
5.90 
5.90 
6.05 
5.95 
5.95 
6.05 
6.05 
6.15 
6.20 
6.20 
6.10 
6.10 
6.06 
6.00 

June. 

July. 

Aug. 

Sept. 

Oct. 
2.60 

Nov. 

•L^vCa 

1 

5.95 
6.25 
6.56 
6.60 
6.40 
6.10 
6.25 
6.25 
6.15 
6.60 
6.40 
6.10 
6.95 
5.95 
5.85 
6.86 
5.70 
6.70 
6.60 
6.60 
5.55 
5.55 
6.50 
6.40 
5.25 
5.25 
5.15 
6.15 
6.05 
4.95 

4.75 
4.66 
4.55 
4.55 
4.35 
4.30 
4.35 
4.80 
4.25 
4.20 
4.15 
4.10 
4.10 
4.06 
4.00 
4.20 
4.10 
4.05 
4.00 
8.90 
3.80 
8.75 
4.00 
4.85 
4.40 
4.25 
4.15 
4.05 
4.00 
3.86 
3.75 

3. 55        2  on 

1.90 
1.86 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.80 
1.30 
1.20 
1.20 
1.30 
1.10 
1.10 
1.20 
1.35 
1.40 
1.50 
1.45 
1.40 

1.35 

« 

3.46 
3.30 
4.00 
4.00 
8.76 
3.70 
8.60 
3.60 
8.40 
3.30 
8.05 
2.85 
2.66 
2.45 
2.35 
2.26 
2.20 
2.10 
2.20 
2.25 
2.80 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.05 
2.00 
2.  HO 

(a) 
""2.'76' 

2.66 
2.45 
2.40 
2.36 
2.30 
2.25 
2.80 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
2.00 
2.00 

1.85 

3 

1.45 

4 

1.66 

5 

6 

(....•>« ....  ......  .......... 

8 

9 

10 

11 

12 

13 

14 

3.00 
2.90 
2.95 
8.65 
8.66 
4.50 
4.80 
5.30 
6.80 
6.85 
6.80 
6.90 
6.15 
6.25 
6.80 
7.00 
6.90 

15 

16 

17 

18 

19 

ao 

21 

22 

23 

26 

3B 

27 

28 

29 

30 

31 

a  Gag-e  heights  not  taken  from  September  2  to  29,  inclusive,  on  account  of  dam  on  stream  rais- 
ing the  water. 


CLEAR  CREEK  AT  FORKSCREEK,  COLORADO. 

Clear  Creek  nses  on  the  eastern  slope  of  the  Rocky  Mountains,  in 
the  vicinity  of  Grays  and  James  peaks,  about  40  miles  west  of  Denver, 
and  flows  easterly,  entering  the  South  Platte  6  miles  below  the  center 
of  that  city.  Like  the  other  streams  of  this  region,  for  a  long  distance 
it  flows  through  mountainous  country,  the  water  being  used  for  power 
purposes  and  for  placer  mining.  At  Golden  the  creek  enters  an  open 
and  fertile  valley,  and  so  large  a  proportion  of  the  water  is  diverted, 
by  means  of  irrigation  canals,  for  the  cultivation  of  the  land  lying 
along  the  stream,  that  little  of  the  normal  flow  passes  into  the  South 
Platte,  except  that  returned  by  seepage.  During  the  flood  stages, 
however,  considerable  water  enters  the  main  stream.  The  gaging 
Rtation  is  located  at  the  Forkacreek  railroad  station  on  the  Colorado 
and  Southern  Railway,  in  Clear  Creek  Canyon,  just  below  the  junc- 
tion of  the  North  and  South  forks  of  Clear  Creek.  It  was  established 
May  29,  1899,  and  has  been  continued  through  the  irrigation  seasons 
of  1899  and  1900.  The  gage  consists  of  a  weight  fastened  to  a  wire 
running  over  a  pulley  at  the  edge  of  the  embankment  upon  which 
the  railway  station  is  located.  It  is  referred  to  bench  marks  back  of 
the  embankment.  The  stream  flows  rapidly  through  this  part  of  the 
canyon,  the  channel  being  rocky  and  the  fall  great.  Both  banks  are 
high  and  rocky.  There  is  no  suitable  means  for  crossing  the  river  at 
the  gaging  station,  the  railway  bridge  over  the  stream  being  con- 
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structed  at  an  acute  angle.  It  is  possible,  however,  to  secure  fairly 
good  results  by  means  of  measurements  made  at  the  two  bridges  above 
the  forks,  thus  securing  data  of  the  flow  of  each  branch  as  well  as 
the  total  flow.  At  low  water  the  stream  may  be  gaged  by  wading. 
During  the  last  two  years  the  observer  has  been  C.  N.  Davis,  railw^iy 
station  agent  at  Forkscreek.  He  has  voluntarily  made  the  readings 
and  sent  daily  reports  to  the  local  forecast  official  in  Denver,  who  has 
had  them  published  in  the  morning  papera.  A  description  of  the 
station  was  published  in  Water-Supply  Paper  No.  37,  page  228.  The 
results  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  205.  During  1900  the  following  meas- 
urements were  made  bv  A.  L.  Fellows: 

March  10:  Gage  heiprht,  1.60  feet:  discharge,  55  second-feet. 
April  13:  G-age  height,  1.70  feet;  discharge,  73  second-feet. 
April  2A:  Gage  height,  2.60  feet;  discharge,  290  second-feet. 
August  27:  Gage  heiis^ht,  1.78  feet;  discharge,  130  second-feet. 

Daily  gage  Jieight,  iti  feet,  of  Clear  Creek  at  Forkscreek,  Colorado,  for  1900. 


Day. 

Mar. 

Apr. 

1 

1.60 

2 

1.60 

3 

1.60 

4 

2.10 

5 

2.10 

6 

2.15 

7 

2.(»5 

8 

1.85 

0 

1.80 

10 

1.65 
1.70 
1.65 
1.70 
1.70 
1.55 
1.60 
1.65 
1.60 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.85 

11  

1.80 

12 

1.80 

18 

1.75 

14 

1.80 

15 

1.80 

16 

1.86 

17 

18 

1.85 
1.80 

19 

2.00 

20 

2.35 

21 

2.a5 

23 

2.65 

23 

2.60 

24 

2.60 

25 

2.70 

26 

2.55 

27 

28 

2.55 

2.60 

29 

2.90 

30 

2.90 

31 

May.     Juno.      July. 


2.80 

2.80 

2.80 

2.85 

3.00 

3.25 

3.30 

3.40 

3.55 

3.90 

4.30 

4.55 

4.20 

3.75 

3.15 

3.45 

3.80 

3.70 

3.70 

3 

3 

3 

3 


to 
75 


60 
75 
3.65 
4.05 
4.  ft') 
4.10 
4.35 
4.40 
4.45 
4.30 


4.40 
4.35 
4.05 
4.20 
4.10 
4.20 
4.a5 
4.55 
4.55 
4.45 
4.05 
3.95 
4.00 
3.90 
3.90 
4.05 
4.05 
4.00 
4.00 
4.00 


00 
00 
00 
3.90 
3.85 
3.80 
3.60 
3.60 
3.60 
3.70 


4. 
4. 
4. 


3.60 
3.50 
3.25 
3.25 
3.20 
3.20 
3.20 
3.10 
3.10 
3.00 
3.00 
2.85 
80 


Aug.      Sept.       Oct.    ;  Nov.       Dec. 


75 

70 
70 


2. 

2. 

2. 

2. 

2. 

2.65 

2.55 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.  .50 

2.50 

2.50 

2.40 

2.40 


2.40 
2.35 
2.25 
2.25 
2.30 


35 


2 

2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.9(1 
1.90 
1.85 
1.80 
1.80 

1.  eo 

1.80 
1.80 
1.80 
1.75 


1.70 
1.70 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 


70 
65 
,60 
.60 
1.60 
1.60 
1.60 
1.55 


1. 

1. 
1. 
1. 


1. 
1. 
1. 
1. 


1. 
1. 


50 
.50 
50 
,50 
l.m 
1.50 
1.50 
1.60 
60 
60 


1.60 
1.60 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
60 
60 
70 
65 
60 
60 
1.60 
1.60 
1.60 
1.60 
1.60 

\.m 

l.rtO 
1.60 
1.60 
1.60 
1.60 
1.65 
1.55 
1.60 


1. 
1. 
1. 
1. 
1. 
1. 


.60 
.60 
.60 
.55 
.55 
.55 

.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.  .>i 
.55 

.55 

.55 

.55 

.55 

..>•) 

.55 

.5.5 

.55 

55 

.% 

55 


I 


1  ;V. 
l..» 
l.-M 


SOUTH  BOULDER  CREEK  NEAR  MARSHALL,  COLORADO. 

South  Boulder  Creek,  a  tributary  of  Boulder  Creek,  is  the  next 
mountain  stream  of  importance  north  of  Clear  Creek.  The  gaging 
station,  which  was  established  in  April,  1888,  and  has  been  main- 
tained during  a  portion  of  each  year  since,  except  during  1893  and 
1894,  is  located  at  the  mouth  of  the  canyon  from  which  the  stream 
issues  about  3  miles  west  of  the  Colorado  and  Southern  Railway 
station  at  Marshall.     The  rod  consists  of  an  inclined  timber  on  the 
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north  bank  of  the  stream  near  the  house  of  C.  E.  Barber.  Above  the 
station  two  ditches  divert  water,  namely,  the  South  Boulder  and  Coal 
Creek  ditch  and  the  Community  ditch,  and  their  discharges  must  be 
added  to  the  discharge  at  the  station,  in  order  to  obtain  the  total  run- 
off of  the  basin.  The  channel  of  the  stream,  which  is  rocky  and  full  of 
bowlders,  does  not  change  materially.  Gagings  are  usually  made  by 
wading,  but  at  high  water  they  are  made  from  the  footbridge  just 
above  the  rod.  The  observer  during  1900  was  Miss  Blanche  Barber, 
who  lives  near  by.  A  description  of  the  station  was  published  in 
Water-Supply  Paper  No.  37,  page  229.  The  results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  206.  During  1900  the  following  measurements  were  made  by 
A.  L.  Fellows: 

Jnly  28:  Gage  height,  1.40  feet;  discharge,  35  second-feet. 
ATignst28:  Gage  height,  1.10  feet;  discharge,  10  second-feet. 

Daily  gage  height,  in  feet,  of  South  Boulder  Creek  near  Marshall,  Colorado,  for 

1900, 


Day. 


May.  June.  July.  Aug.  Sept 


1. 

2. 

3. 

4. 

5 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U- 
15. 
16. 


4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4. 00 
(a) 


3.45 
3.45 
3.45 
3.40 
3.20 
3.20 
3.20 
3.20 
3.a5 
3.00 
2.&5 

2.  go 

2.90 
2.90 
2.00 

2.70 


2.40 
2.30 
2.30 
2.20 
2.25 
2.15 
2.15 
2.10 
2.05 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.80 


1.45 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.45 
1.40 
1.40 


40 
30 
40 
35 
35 
30 


Sept. 

i 

Day. 

May. 

Jnne.  July. 

2.55     1.80 
2.65     1.75 

Aug. 

1.30 
1.30 
1.30 
1.25 
1.30 
1.25 
1.30 
1.35 
1.35 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 

Sept. 

1.00 

17 -  — 

1.05 

1.05 

18 

1.10 

1.00 

19... 

2. 70     1. 70 
2.65     1.70 
2.85     1.70 
2.75     1.70 
2.70     1.70 
2.65     1.60 
2.60  '  1.55 
2.45  ;  1.55 

2.50  <  i.ao 

2.45     1.40 
2.45     1.40 
2.40     1.70 
l.tSO 

1.05 

1.05 

20 

1.00 

1.05 
1.05  1 

21 

22 

1.05 
1.15 

1.U6  1 

23 

1.15 

1:06 

24 

1.10 

1.00 

25 

1.15 

1.20 

26 

1.20 

1.10 

27 

1.10 

1. 10  1 
1.10 

28 

29 

i.lO 
1.10 

1.00 

m 

1.00 

1.05 

31 

1.00 

1 

I 

a  Regular  readings  did  not  liegfin  until  June  1. 


BOULDER  CREEK  NEAR  BOULDER,  COLORADO. 

The  general  character  of  Boulder  Creek,  one  of  the  tributaries  of 
St.  Vrain  Creek,  is  similar  to  that  of  the  latter  stream.  The  gaging 
station  is  located  1^  miles  above  the  town  of  Boulder,  where  the  stream 
issues  from  the  mountains.  There  are  two  small  irrigation  ditches 
above  the  station,  but  the  amount  of  water  diverted  does  not  exceed 
5  or  6  second-feet,  and  may,  therefore,  be  disregarded.  The  channel 
of  the  stream  contains  so  many  large  bowlders  that  accurate  measure- 
ments are  difficult  to  obtain,  either  here  or  at  any  other  point.  During 
high  water  measurements  are  made  from  the  bridge,  but  at  low-water 
stages  the  stream  can  be  gaged  by  wading.  The  entire  normal  flow 
is  used  for  irrigation,  but  large  quantities  of  water  go  to  waste  during 
the  flood  season.  Plans  are  being  considered  for  the  construction  of 
large  reservoirs  to  store  the  flood  waters  for  the  irrigation  of  lands 
now  arid.     The  gage  rod  is  an  inclined  timber  spiked  to  stakes  driven 
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into  the  bank.  The  bench  mark  is  the  top  of  a  large  stone  22  feet 
west  of  the  gage  and  5.72  feet  above  the  zero  of  the  rod.  Both  banks 
are  high  and  rocky,  and  are  not  subject  to  overflow'.  The  observer 
for  1900  was  Mrs.  Carrie  Osgood,  w^ho  lives  near  by.  A  description 
of  the  station  was  published  in  Water-Supply  Paper  No.  37,  page  231. 
The  results  of  measurements  for  1897, 1898,  and  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  207.  During  1900  the 
following  measurements  were  made  bj'  A.  L.  Fellows: 

April  2S:  Gage  height,  2.10  feet;  discharge,  483  second- feet. 
July  27:  Gage  height,  1.40  feet;  discharge,  220  second-feet. 
August  28:  Gage  height,  0.62  foot;  discharge,  49  second-feet. 

DaUy  gage  height,  in  feet,  of  Boulder  Creek  near  Boulder,  Colorado,  for  1900. 


Day. 

May. 

2.85 
2.35 
2.30 
2.40 
2.«2 
2.52 
2.55 
2.70 
2.68 
2.70 
2.65 
2.75 
2.62 
2.48 
2.35 
2.30 

Jane. 

July. 

2.00 
1.05 

Aug.  Sept. 

Oct. 

Day. 

May.  June. 

July. 

Aug. 

0.75 
.78 
.72 
.73 
.70 
.68 
.65 
.75 
.73 
.72 
.68 
.00 
.80 
.62 
.60 

Sept. 

Oct. 

1 

2 

2.85 
2.75 

1.22     0.60 

1.22  1    .60 

1.22'    .62 

1.20  ,    .62 

1.18       .60 

1.18       .60 

1.12       .60 

1.08       .62 

.98     1.17 

.98  ,     .95 

.98       .90 

.92  !     .88 

.90  '     .82 

.85       .80 

0.45 
.45 
.42 
.45 
.42 
.48 
.50  1 
.48 
.50 
.4^  . 
.50  , 

-.67  ' 
.75 
.60  , 
.55 

.70 

1 

17 

18.... 

2.25 
2.20 
2.15 
2.22 
2.20 
2  22 
2!  20 
2.18 
2.18 
2.25 
2.52 
2.70 
2.75 
2.70 
2.78 

2.42 
2.42 
2.35 
2.40 
2.35 
2.38 
2.40 
2.35 
2.30 
2.25 
2.22 
2.20 
2.10 
2.08 

1.40 
1.40 
1.88 
1.40 
1.32 
1.35 
1.38 

i.a5 

1.82 
1.88 
1.38 
1.38 
1.25 
1.22 
1.22 

0.55 
.55 
.55 
.50 
.50 
.50 
.48 
.45 
.50 
.ft5 
.65 
.55 
.52 
.55 

1  •  "  •  ■  "  ■ 

1 

0.92 
.60 

3 

2. 75     i.  95 
2.65     1.82 
2.68     1.70 
2.72     1.60 
2.6S  1  1.50 
2. 78     1. 45 
2. 75     1. 40 
2. 7h     1. 40 

19 

.00 

4 

5 

20 

21 

.58 
.55 

6 

22 

.52 

t 

8 

23 

'  24 

.45 
.43 

9       

25 

.40 

10 

26 

.37 

11 

12 

2.60 
2.58 
2.45 
2.40 
2.40 
2.42 

1.50 
1.62 
1.52 
1.52 
1.60 
1.55 

27 

28 

.33 

.30 

13 

29 

.32 

14 

30 

.35 

15 

.80 

.78 

.66 

.60 

31 

.25 

16 

ST.  VRAIN  CREEK  NEAR  LYONS,  COLORADO. 

St.  Yrain  Creek  and  its  tributaries  derive  their  supply  of  water 
from  the  eastern  slope  of  the  Front  Range,  between  Longs  Peak  and 
James  Peak,  which  are  about  30  miles  apart.  The  general  trend  of 
the  drainage  is  northeasterly,  the  St.  Yrain  flowing  into  South  Platte 
River  about  (5  miles  below  the  town  of  Platteville.  The  principal 
tributaries  of  the  stream  are  the  North  and  South  forks  and  Boulder 
Creek.  South  Boulder  Creek  is  a  tributary  of  the  latter  stream.  In 
their  upper  portions  these  creeks  flow  through  mountainous  areas 
where  the  water  is  used  only  for  power  purposes  and  for  placer  min- 
ing, but  at  the  foothills  each  stream  emerges  into  a  broad,  approxi- 
mately level  valley,  devoted  entirely  to  farming,  water  being  furnished 
by  means  of  irrigation  canals  leading  from  the  streams.  Three  stations 
are  maintained  on  the  main  stream  and  its  tributaries,  namely,  at 
Lyons,  on  the  St.  Yrain,  at  Boulder,  on  the  Boulder,  and  at  Marshall, 
on  the  South  Boulder.  The  station  at  Lvons  is  about  a  half  mile 
southeast  of  the  town,  and  is  below  the  intersection  of  the  North  and 
South  forks. 

Records  of  the  flow  of  the  creek  at  or  near  Lyons  have  been  kept 
since  April,  1S88,  except  during  the  years  1893  and  1894,  but  the  sta- 
tion was  not  put  in  its  present  condition  until  May  5,  1899,  since  when 
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records  have  been  kept  throughout  each  irrigation  season.  The  rod 
is  an  inclined  timber  on  the  left  bank  of  the  stream,  opposite  the 
Tower  Hotel,  fastened  to  pieces  of  timber  driven  into  the  slag  embank- 
ment. The  stream  has  an  excellent  channel  of  gravel  and  bowlders, 
and  is  not  likely  to  change.  Measurements  have  usually  been  made 
by  wading,  but  at  high  water  they  are  made  from  the  bridge  about  a 
quarter  of  a  mile  below  the  gage  rod.  The  bench  mark  is  a  spike  2 
feet  from  the  west  side  of  the  trunk  of  a  large  cotton  wood  tree  150  feet 
north  of  the  rod.  Supply  ditch  div^erts  water  above  the  station,  and 
its  discharge  should  be  added  to  that  of  the  ci*eek  in  order  to  obtain 
the  total  run-off  of  the  basin.  The  observer  during  the  year  1900  was 
L.  H.  Dicksoh,  commissioner  of  the  St.  Vrain  water  district,  who  kept 
up  the  readings  during  the  irrigation  season.  Weekly  i^ecords  of  the 
discharge  at  this  point  have  been  furnished  to  the  Longmont  j)apers. 
During  the  greater  part  of  the  irrigation  season  the  entire  discharge 
of  St.  Vrain  Creek  is  utilized,  but  during  the  flood  period  consider- 
able water  usually  goes  to  waste.  Much  of  the  water  is,  however, 
stored  in  reservoirs,  and  is  used  to  advantage  at  low  stages  of  the 
stream.  A  description  of  the  station  was  published  in  Water-Supply 
Paper  No.  37,  page  232.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  208.  During 
1900  the  following  measurements  were  made  by  A.  L.  Fellows: 

March  13:  Gage  height,  2.06  feet;  discharge,  35  second-feet. 
April  27:  Gage  height,  3.68  feet;  discharge,  513  second-feet. 
July  27:  Gage  height,  2.70  feet;  discharge,  193  second- feet. 

Daily  gage  lieight,  in  feet,  of  St,  Vixiin  Creek  near  Lyons,  Colorado^  for  luoo. 


Day. 


Mar.      Apr.    -  May.  i  June.     July. 


Aug.    I  Sept.  i    Oct.    I  Nov. 


1 

»> 

3 ! 

4 

5 

6 

1................... 

8 

3.'^) 

9 

1.90 
1.90 

10 

..a...    -• 

11 

L' 

13 

2.06 

U 

15 

2.00 

16 

1.90 

17 

1.85 

1.8o 

iH.. : 

l.«l 

ifl 

........ 

1.85 

ao 

1.90 

21 : 

1.90 

22 

1.90 

4.20 

23 

3.80 

24 

3.90 

S 

3.80 

26 :. 

3.80 

27 ' 

3.70 

28 '.  

3.75 

29 :";.■ 

4. 80 

30 : :  ". .  . 

1.05 

4.30 

31 ...:...  .: 

4.10 
4.00 
3.90 
4.00 
4.15 
4.10 
4.15 
4.10 
4.30 
4.15 
4.15 
4.10 
4.10 
3.05 
3.76 
3.65 
3.70 
3.70 
3.&5 
3.50 
3.60 
3.80 
3.70 
3.95 
3.60 
4.00 
4.20 
4.60 
4.60 
4.70 
4.50 


4.50 

3.60 

4.30 

3.45 

4.50 

3.35 

4.40 

3.25 

4.20 

3.10 

4.10 

3.10 

4.30 

3.10 

4.35 

3.10 

4.40 

3.00 

4.30 

2.95 

3.90 

3.06 

3.85 

3.06 

3.80 

3.05 

3.95 

3.05 

3.80 

3.05 

3.85 

3.05 

3.85 

3.00 

3.90 

2.90 

3.95 

2.90 

4.00 

2.80 

4.00 

2.75 

3.95 

2. 70 

4.00 

2.70 

3.90 

2.80 

3.80 

2.75 

3.66 

2.70 

3.55 

2.70 

3.65 

2.70 

3.50 

2.70 

3.45 

2.66 

2.65 

2.55 

2.15 

2.10 

2.05 

2.55 

2.15 

2.10 

2.05 

2.50 

2. 15 

2.10 

2.a> 

2.50 

2.15 

2.1W 

2.(6 

2.50 

2.15 

2.08 

2.  (ft 

2.55 

2. 15 

2.08 

2.05 

2.50 

2.15 

2.10 

2.a-> 

2.47 

2.23 

2.10 

2.05 

2.47 

2.23 

2.10 

2.O0 

2.46 

2.2:1 

2.10 

2.06 

2.46 

2.75 

2.08 

2.00 

2.40 

2.70 

2.05 

2.00 

2.:]5 

2.45 

2.(K 

2.30 

2.a5 

2.05 

..-- .... 

2.30 

2  25 

2.05 

..••••.. 

2.30 

2.20 

2.30 

2.JW 

2.15 

2.25 

2  26 

2.15 

2.20 

2.25 

2.12 

2.20 

2.25 

2.12 

2.26 

2.25 

2.12 

2.20 

2.25 

2.10 

2.18 

2.25 

2.10 

2. 15 

2.23 

2.08 

2.15 

2.23 

2.10 

•>    IK 

2.20 

2.18 

2. 15 

2.17 

2.15 

2.15 

2.15 

2.18 

2. 10 

2.15 

2.10 

2.10 

2.15 

2.10 

2.10 

2.15 

2.05 

........ 

Note.— Regrular  readings  did  not  begin  until  April  15. 
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BIG   THOMPSON   CREEK   NEAR  ARKINS,  COLORADO. 

This  stream  drains  the  country  immediately  north  of  that  drained 
by  the  headwaters  of  St.  Vrain  Creek,  and  is  one  of  the  largest  tribu- 
taries of  South  Platte  River,  into  which  it  empties  about  4  miles 
above  the  town  of  Evans.  Little  Thompson  Creek  is  an  important 
tributary  of  Big  Thompson  Creek,  and  the  country  drained  by  these 
two  streams  makes  up  irrigation  district  No.  4.  The  junction  of 
these  creeks  is  near  the  lower  end  of  the  district,  a  short  distance 
above  the  point  where  their  combined  \vatiers  enter  the  South  Platte. 

Records  of  the  flow  of  this  stream  were  begun  in  April,  1888,  and 
have  been  maintained  for  a  portion  of  each  year  since,  with  the 
exception  of  the  years  1893  and  1894.  The  station  was  established  at 
its  present  location  on  April  1,  1899.  The  only  diveraion  above  the 
gaging  station  is  Handy  ditch,  a  record  of  the  gage  heights  of  which 
is  kept  by  the  water  commissioner  of  that  district,  J.  M.  Wolaver, 
who  has  also  kept  the  records  of  Big  Thompson  Creek  at  this  point 
during  the  year  1900.  It  is  necessary  to  include  the  discharge  of 
Handy  ditch  in  order  to  obtain  the  total  run-off  of  the  basin.  The  rod 
is  a  vertical  2-inch  by  4-inch  timber  fastened  to  the  downstream  side 
of  the  right-hand  end  of  the  wagon  bridge  on  the  ranch  of  John 
Chasteen.  The  bench  mark  is  25  feet  south  of  the  gage,  and  is  a  nail 
in  the  root  of  a  cottonwood  stump,  the  head  of  the  nail  being  9.35  feet 
above  the  zero  of  gage.  The  channel  of  the  stream  is  lined  with 
bowlders  and  is  very  xough,  but,  not  being  likely  to  change,  it  fur- 
nishes a  good  point  for  obtaining  accurate  measurements.  A  per- 
manent station  could  be  located  here  to  advantage.  Like  the  other 
tributaries  of  the  South  Platte,  nearly  all  of  the  normal  flow  of  Big 
Thompson  and  Little  Thompson  creeks  is  used  for  irrigation,  and 
during  the  high- water  stages  the  greater  part  of  the  volume  is  diverted 
into  large  reservoirs,  from  which  it  is  used  to  advantage  later  in  the 
season.  A  description  of  the  station  was  jjublished  in  Water-Supply 
Paper  Xo.  37,  page  233.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twentj^-first  Annual  Report,  Part  IV,  i^age  209.  Duriuir 
1900  the  following  measurements  were  made  by  A.  L.  Fellows: 

April  26:  Gage  height,  1.91  feet;  discharge,  512  second-feet 
July  26:  Gage  height,  1.3o  feet;  discharge,  322  second-feet. 
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Daily  gage  Iteight,  in  feet,  of  Big  Thompson  Creek  near  Arkins,  Colorado,  for  1900. 


Day.        Apr.  May.  June.  July.  Ant<.  Sept. 


Day 


Apr.  t  May.  Jane.  July. 


Ang.  Sept 


1 

0.30 
.3) 
.30 
.5f> 

3.a0 
3.40 
3.40 
3.30 

3.50 
3.60 
3.40 
3.30 

1 
2.00 
1.80 
1.80 
1.70 

1.10 
1.10 
1.10 
1.10 

0.70 

2 

70 

3 

.70 

4 

.70 

5 

.00 
.dO 
.70 
.90 

2.80 
2.«0 

2.70 

2.90 
3.00 
3.4^) 
3. 40 

1,70 

1.70 

1.70 

^1.80 

1.10 
1.10 
1.10 
1.10 

.70 

6 

.70 

.70 

8 

.70 

9 

.».» 

2.WJ 

3.50 

1.80 

1.00 

.70 

10 

.90 

3. 10 

3.10 

1.70 

1.00  1 

.70 

11 

1.00 

3.10 

3.00 

1.70 

.90  . 

.70 

1* 

l.(X) 

3.00 

2.90 

1.60 

.80 

.70 

13 

1.10 

2.J)0 

3.00 

1.60 

.80 

.70 

14 

1.10 

2.90 

3.00 

l.HO 

.80 

.70 

l.i 

1.90 

2.90 

3.00 

1.60 

.80 

.70 

16 

1.80 

2.70 

3.00 

1.70 

.80  . 

.60 

17 
18 
19 
20 
21 


\.m 

1.60 
2.U) 
2.W 
2.3) 
1.90 


23 '  1.80  ' 


!  24 

:»o 
28 
27 

28 
29 
30 
31 


1.80 
1.80 
1.90 
1.9«J 
2.10 

3.(;o 

3.50 


2.70 
2.80 
2.80 
2.50 
2.60 
2.a5 
2.75 
2. 75 
2.80 
3. 10 
3.3t) 
3.50 
3.60 
3.70 
3. 50 


2.90 

2.8<1 
2.80 
2.80 
2.80 
2.80 
2.90 
2.80 
2.80 
2.70 
2.«) 
2.50 
2.40 
2.30 


1.50 
1.40 
1.40 
1.40 
1.30 
1.3) 
1.20 
1.30 
1.30 
1.3) 
1.30 
1.30 
1.30 
1.3) 
1.10 


,80 
,80 
,80 
,80 
,80 
,80 
,80 
,70 
,70 
.70 
,70 
,70 
70 
,70 
,70 


i    I 


0.60 
.60 
.60 
.60 
.60 
.00 
.60 
.60 
.60 
.0!) 
.60 
.70 
.70 
.70 


DaUy  gage  height,  in  feet,  of  Handy  ditch  near  Arkins,  Colorado,  for  1000. 


Day.    June.  July.  Aug. 


Sept.     Day.    June. !  July.  Aug. 


1 1.20    0.40     0.32      12 


3 

4 

5 

6 

I 

8 

9 

10 

11 


I 


1.3) 
1.3) 
1.30 
.80 
.80 
.80 
.72 
.72 


40 
40  . 

,40  ; 

,40  I 

.40  ; 

,40 
.45  ! 
45  i 
,40 

.40  I 


.30 

13 

.31) 

14 

.30 

15 

.30 

16 

.30 

17 

.30 

18 

.30 ; 

19 

.30  1 

3) 

.30 

21 

.») 

22 

0.72  0.32 

72  .:ti 

72  .;« 

.72  .32 

72  .:J2 

2.20       .72  .32 

2.3)       .72  .32 

2.30       .72  .32 

2.3)  ,    .72  !    .32 

2.3)       .72  '     .32 

2.3)       .72  .32 


Sept.     Day.    June.' July.  Aug.  Sept 


0.30 
.:«) 
.30 
.:«) 
.30 
.31) 

.:jO 

.30 
.30 
.30 


23.. 

24... 

25... 
j  26... 
I  27... 
I  28... 
I  29... 

30... 

31... 


2.20 
2.3) 
2.3) 
2.3) 
2.3) 
1.3) 
1.20 
1.33 


0.40 

0.^ 

.30 

.40 

.:l> 

.30 

.40 

.:j2 

.31) 

.40 

.32 

.30 

.40 

.32 

30 

.40  , 

.\tl 

.30 

.40  , 

.;« 

.30 

.40 

.32    . 

.40 

.32  1. 

CACHE    LA   POUDRE   RIVER  NEAR  FORT   COLLINS,  COLORADO. 

This  stream  is  the  northernmost  of  the  large  tributaries  of  the 
South  Platte  which  issue  from  the  east  front  of  the  Rocky  Moun- 
tains. During  the  irrigating  season  its  discharge  is  augmented  by 
the  supply  diverted  from  the  headwaters  of  Laramie  River,  which  lie 
Immediatelv  to  the  west  of  the  headwaters  of  the  Cache  la  Poudre, 
the  diversion  being  made  through  Sky  Line  canal.  Measurements 
of  the  discharge  of  the  Cache  la  Poudre  Basin,  therefore,  include 
some  of  the  Laramie  waters.  Practically  the  entire  flow  of  the  Cache 
la  Poudre  is  used  for  irrigation  purposes,  even  the  greater  part  of 
the  flood  waters  being  stored  for  use  later  in  the  season.  It  is  along 
the  valley  of  the  Cache  la  Poudre  that  the  earliest  and  best  irrigation 
of  the  State  has  been  carried  on.    • 

The  gaging  station,  which  was  established  in  1S84,  is  about  15  miles 
above  Fort  Collins.  Since  its  establishment  it  has  been  maintained 
nnder  the  direction  of  Prof.  L.  G.  Carpenter,  of  the  Colorado  State 
Agricultural  College.  The  records  are  from  the  figures  published  by 
Professor  Carpenter  in  the  daily  papers.  The  figures  of  daily  dis- 
charge for  the  years  1895  to  1899,  inclusive,  will  be  found  in  Water- 
Supply  Paper  No.  37,  pages  235  to  237. 
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Daily  dutcJiargCj  in  second-feet ^  of  Cache  la  Poudre  River  near  Fort  CoUins,  Cokh 

radOy  for  1900. 


Day. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Mean 


Apr. 


427 
556 
823 
1,168 
1.554 
1,245 
1,263 
1,223 
1.154 
1,204 
1,807 
2,934 
2,580 


1,376 


May. 


Jane. 


2,551 
2,508 
2,447 
2,251 
2,461 
2,854 
2,447 
2,486 
2,586 
2.777 
3,012 
2,992 
2,811 
2,652 
2,411 
2.049 
2,143 
2,258 
2,093 
2.271 
2,582 
2,525 
2,490 
2,884 
2,939 
3.240 
3,561 
4,071 
4,560 
4,416 
4,204 


2,806 


8,951 
3,938 
4,060 
3,600 
3,104 
8,602 
4,376 
4,227 
4,193 
4,180 
8,2» 
2,978 
2,813 
3,001 
2,797 
2,968 
2.923 
2,622 
2,789 
2,567 
2,573 
2,441 
2,460 
2,329 
2,140 
2,036 
1,813 
1,674 
1,540 
1,325 


2,942 


July. 


1,860 

1,276 

1,176 

1,042 

968 

871 

853 

827 

795 

752 

705 

641 
625 
697 
009 
576 
531 
525 
525 
481 
460 
475 
736 
767 

n9 

641 
592 
558 
527 
506 


Aug. 


721 


855 
841 
874 
460 
435 
392 
315 
299 
292 
276 
260 
247 
235 
214 
218 
218 
218 
214 
212 
210 
248 
195 
200 
198 
215 
212 
201 
204 
199 
204 


265 


Sept.      Oct 


201 
199 
160 
143 
133 
126 
124 
137 
183 
260 
255 
151 
157 
156 
144 
138 
133 
126 
118 
113 
122 
122 
121 
121 
126 
141 
144 
140 
140 
141 


149 


140 
137 
122 

m 

122 
US 
L2S 

m 

141 
141 
141 
141 
141 
141 
141 


13L' 


[Continued  in  Water-Supply  Paper  No.  50,  where  will  b©  found 
tables  of  computations  of  seepage  on  numerous  streams  in  Colorado.] 
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OPERATIONS  AT  RIVER  STATIONS,  1900, 

PART  IV. 


MEASUREMENTS  AT  RIVER  STATIONS^ 

COMPUTATIONS  OF  SEEPAGE  IN  COLORADO. 

Discharge  measurements  of  a  number  of  the  principal  rivers  in 
Colorado,  including  South  Platte  River  and  its  tributaries,  also  Arkan- 
sas and  Uneompahgre  rivers,  have  been  made  during  low- water  stages 
for  several  years  past  under  the  direction  of  the  agricultural  experi- 
ment station  at  Fort  Collins,  Colorado.  It  has  been  known  for  a 
numl)er  of  years  that  a  large  amount  of  seepage  water  returned  to  the 
rivers  from  irrigated  areas  adjacent  to  them,  and  these  measurements 
were  instituted  in  order  to  determine  the  amount  of  this  returned 
water.  A  report  of  the  investigations  up  to  181)0  was  given  in  Bulle- 
tin No.  33  of  the  Colorado  State  Agricultural  College.  .Annual 
measurements  have  been  made  since  that  time,  and  it  is  the  intention 
of  the  college  authorities  to  publish  the  complete  results  in  an  addi- 
tional bulletin,  which  will  appear  shortly.  The  conclusions  reached 
from  these  measurements,  together  with  the  following  tables  of  the 
results  of  the  measurements  made  in  1900,  are  taken  from  the  tenth 
biennial  report  of  the  State  engineer  of  Colorado,  pages  210-236: 

1.  There  is  a  real  increase  in  the  volnme  of  the  streams  as  they  pass  through 
the  irrigated  sections. 

*2.  There  is  no  such  increase  in  the  streams  as  they  pass  through  the  unirrigated 
sections.  On  the  contrary,  there  is  an  actual  loss,  even  when  the  drainage  of  a 
large  area  enters. 

3.  The  increase  is  more  as  the  irrigated  area  is  greater. 

4.  The  increase  is  approximately  proportional  to  the  irrigated  area,  and  it 
seems  probable  that  with  more  intimate  knowledge  of  the  amount  of  water 
applied  and  the  features  of  the  drainage  the  proportions  would  be  found  to  be 
cose. 

5.  The  amount  of  the  increase  depends  very  slightly,  if  at  all,  upon  the  rainfaU, 
and  so  far  as  it  does  it  is  influenced  principally  by  the  rainfall  on  the  irrigated 
lands.  Only  where  the  lands  are  already  saturated  is  the  rainfall  sufficient  to 
cause  seepage. 


1  Continued  from  Water-Snpply  and  Irrigation  Paper  No.  40. 
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6.  There  is  no  perceptible  underflow  from  the  side  channels,  even  where  they 
drain  several  thousand  square  miles. 

7.  The  inflow  is  practically  the  same  throughout  the  year.  It  is  more  in  sum- 
mer, less  in  winter,  principally  because  of  the  effect  of  the  tempeiature  of  the 
soil. 

8.  The  passage  of  the  seepage  water  through  the  soil  is  very  slow,  so  that  it  may 
take  years  for  the  seepage  from  the  outlying  lands  to  reach  the  river. 

9.  The  amount  of  seepage  is  slowly  but  constantly  increasing. 

10.  It  may  be  expected  to  increase  for  some  years  to  come. 

11.  An  increased  amount  of  land  may  be  brought  under  cultivation  with  time, 
more  especially  on  the  lower  portions  of  the  streams. 

12.  The  seepage,  being  nearly  constant  throughout  the  year,  while  the  needs  are 
greatest  in  summer,  the  use  of  ston^ge  will  best  utilize  the  wat«r  from  inflow. 

13.  On  the  Poudre  River  about  30  per  cent  of  the  water  applied  in  irrigation 
returned  to  the  river. 

14.  The  use  of  water  on  the  upper  portions  of  a  stream,  when  water  is  not 
immediately  needed  by  prior  appropriators,  will  increase  the  flow  of  the  stream 
late  in  summer,  and  prevent  such  low  stages  as  it  would  have  without  this  regu- 
lating action. 

15.  The  seepage  water  is  already  an  important  factor  iu  the  water  supply  for 
the  agriculture  of  the  State.  The  capital  value  of  the  water  thus  received  in  the 
valley  of  the  Cache  la  Poudre  alone  is  not  less  than  $300,000,  and  perhaps  $500,000, 
and  for  the  Platte  is  from  $2,000,000  to  $3,000,000.  It  is  large  for  the  other 
streams,  but  of  unknown  amount. 

16.  An  actual  loss  Is  incurred  in  carrying  a  stream  like  the  Platte  through  sandy 
beds. 

17.  Ultimately  the  returns  from  seepage  will  make  the  lower  portions  of  such 
valleys  as  the  Platte  more  certain  of  water,  and  probably  enable  a  larger  acreage 
to  be  grown. 

Computatiotis  of  seepage  on  South  Platte  River,  Colorado,  1899. 


Date. 

Stream  or  ditch. 

In  river. 

Diverted    by    ca- 
nals. 

1 

iti 

*»  a  . 

ill 

< 

Sec-ft. 

Increase     in    vol- 
ume of  river  be- 
tween     i>oints 
measured. 

Increase   from 
canyon  to  point 
where  lost  meas- 
ured. 

Oct.  23 

South  Platte  Hiver  at  canyon 

Sec.-ft. 
154.49 

SeC'ft. 

Sec-ft. 

Sec.fi.  Sec-ft, 

Do.  . 

Hieh  Line  canal 

13L59 
22.00 
32.60 

, 

Do... 

Denver  Union  Water  Company's  canal . . 
Platte  Canyon  ditch 

...«..-.! 

Oct.  24 

Do... 

Wasteway  of  Platte  Canyon  ditch 

7.50 

Do... 

Last  Chance  ditch. 

2.82 
18.83 

Do... 

City  ditch 

1 

Do 

South  Platte  River  below  City  ditch.... 
Plum Cre<*k  ,.....-.,...,    -,  x  ,n 

27.08 

227.42 

72.93 

Do 

4.45 

1.78 

Do 

Deer  Creek ..  ........ ._ 

••«»««*«'            -      -     — 

Do    . 

Nevada  ditch ._. 

21.73 

Do 

South  Platte  River  at  Littleton 

60.08 
56.29 

88.04 

00.96 

133.89 

Oct.  36 

do 

Do.  . 

Bear  Creek    

13.41 

Do... 

Ditch 

.-  .    ' 

0.19 

, 

Do... 

Seepafire  Rtream .. 

a3.86 

Do... 

ClarkGulch 

a  10. 87 

.... 1    

Do... 

South  Platte  River  at  Fifteenth  street 
bridsre,  Denver 

84.91 
88.90 

71.69 

16.40 

150.29 

Oct.   27 

...  do 

._..      S...^      _-    —    —      ^..i.. 

Do 

Farmers  and  Gardeners'  ditch 

Burlin&rton  ditch 

4  47 
89.30 

Do... 
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Computations  of  seepage  on  South  Platte  River ^  Colorado^  1899 — Continued. 


Date. 


Oct.  27 

Do... 

Do... 
Oct.  28 

Do... 

Do... 

Do... 
Do... 
Do.. 

Oct.  90 

Do... 

Do... 

Do... 

Do... 

Do... 
Oct.  31 

Do... 

Do... 

Do... 

Do... 
Nov.   1 

Do... 

Do... 

Do... 
Nov.    2 

Do... 

Do... 

Do... 

Do... 

Do... 
Nov.    3 

Do... 
Nov.    4 

Do... 

Do... 

Do... 

Do.. 
Nov.  5. 

Do... 

Do... 
Nov.  6.. 

Do... 
Nov.  7.. 

Do... 

Do... 

Do.- 

Do.. 

Do... 
Nov.  8- . 

Do... 
Nov.  9- 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 
Nov.  11 . 


Stream  or  ditch. 


Nov.  12. 


. » 


Clear  Creek 

Fnlton  ditch 

South  Platte  River  (city  waste  indnded) 
BraQtner  ditch  below  head  of  Falton . .. 

Brighton  ditch 

SoQth  Platte  River  at  bridge  west  of 

Brighton 

Dry  Creek 

PUtteville  ditch 

Sonth  Platte    River    below  head   of 

PlattevUle  ditch 

Evans  Na  2  ditch  

Side  Hill  and  Meadow  Island  No.  2 

Backer - 

Sonth  Platte  River 

Cook  &  Hewes  ditch 

St.  Vrain  Creek 

Sonth  Platte  River  below  Union  ditch. . 

Big  Thompson  Creek 

Section  No.  8  ditch 

Lower  Latham  ditch 

South  Platte  River  at  Evans  bridge  — 

Cache  la  Poudre  River 

Lone  Tree  Creek 

Sterling  8eei>age 

South  Platte  River  below  Hoover 

Boxelder  Creek 

Harden  ditch 

Latham  waste 

Corona  ditch 

South  Platte  River  at  head  of  Putnam 

ditch : 

Putnam  ditch - 

Weldon  Valley  ditch 

Sooth  Platte  River  at  Orchard  bridge.. 
South  Platte  River  at  Shaffer's  ford.... 

Bijou  C*reek 

I>ueul&  Snyder  ditch 

South  Platte  River   at  Fort   Morgan 

bridge *. 

Piatt  ditch 

Platte  and  Beaver  ditch 

A- A.  Smith  ditch 

South  Platte  River  at  Snyder  bridge . . . 

Johnson  &  Edwards  ditch 

Tetsel  ditch 

South  Piatt  ditch 

Davis  Brothers' ditch 

Pawnee  ditch 

South  Platte  River  at  Merino  bridge. .. 

Sterling  No.  1  ditch 

Sterling  No.  2  ditch 

Smith  &  Henderson  ditch 

South  Platte  River  at  Sterling  bridge. . 

Low  Line  ditch 

Iliff  ditch 

South  Platte  River  at  Iliff  bridge 

Harmony  No.  1  ditch 

Harmony  No.  Sditch 

South  Platte  River  at  Crook 

Peterson  ditch 

South  Platte  River  above  Pole  Creek 

South  Platte  River  at  State  line 


■ 

s 


^ 


,1 


? 


o 

S3 


3ec.-ft 


M.67 


8L88 


126.78 


140.75 


270.87 


334.88 


575.27 


688.19 


613.98 
701.33 


702.78 


741.26 


552.72 


581.16 


667.30 


582.96 


445.55 

486.78 


a  Seepage  not  included  in  natural  flow. 


Sec.-ft. 
"88.'87 


45.75 
5.02 


4.60 


14.94 
1.00 
7.20 


12.30 


12.60 
26.73 


5.59 


5.62 


8.61 
18.86 


9.60 


13.41 

5.00 

15.74 


29.75 
9.67 
27.58 
38.63 
96.78 


21.98 
13.  ?i 
11.50 


54.82 
5.14 


38.79 
15.02 


110.28 


Sec.-ft. 
0.18 


a  28. 81 


94.91 


39.49 


151.01 
5.49 


6.79 
'5.'42' 


4.00 


Sec.-ft.  Sec-ft 


185.51      46.61 


182.15,    77.48 


181.38 


155.49 


188.35 


334.72 


424.36 


636.17 


641.44 
701.33 


712.47 


775.41 


835.13 


628.45 


627.  a*^ 


636.77 


556.83 

486.78 


49.95 


Sec.-ft. 


63.85 


89.48 


60.90 


3.25 
87.35 


72.63 


93.87 


75. 73 


196.90 


274.38 


3Si.'J3 


38.76      3({3.(I9 


47.65      410.74 


474. 59 


564.07 


ftJ4.97 


628.22 
715.57 


7.14      722.71 


r»5.34 


889.21 


962.94 


46.19  1,009.13 


).38 


1,078.51 


ft  17. 13 
41.23  1,119.74 


b  Decrease. 
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Computatiotis  of  seepage  an  South  Platte  Rix^r^  Colorado,  1900, 


Date. 


Stream  or  ditch. 


•c 


08 


> 


n 


■   e  a 

'in 


ell  i  -J  I 


0 

a 


a  p  I 


§§s 


Oct.   19 


Do- 
Oct.  '^) 
Do... 
Do... 
Do... 
Do... 
Do ... 
Do... 
Do... 

Do... 
Do... 
Do... 
Do... 

Do... 


Oct.   23 
Do... 

Do... 
Do... 
Do... 

Do... 
Do... 
Do... 


Oct.  33 
Do... 
Do... 

Do... 
Do... 

Do... 
Do... 
Do... 
Do... 
Do... 
Oct.  Zi 

Do... 
Do... 
Do... 
Do... 

Do... 
Do... 

Do... 
Do... 
Do... 

Do... 
Do... 

Oct.  25 
Do... 
Do... 
Do... 


Do. 


High  Line  canal.  

South  Platte  River  be- 
low High  Line  waste. . 

Platte  Canyon  ditch 

Last  Chance  ditch 

City  ditch 

South  Platte  River 

Plum  Creek 

Deer  Creek 

Nevada  ditch 

Lee  Oulch 

Clark  Gulch 

Dutch  Gulch 

Nevada  ditch  waste 

South  Platte  River  at 
lower  Littleton  bridge . 

Big  Dry  Creek  seepage . . 

Little  Dry  Creek 

Bear  Creek 

Denver  Union  Water 
Co.'scanal 

South  Platte  River  at 
Fifteenth  street,  Den- 
ver  

do 

Farmersand  Gardeners' 
ditch 

City  sewer 

Burlington  ditch 

Farmers  and  Gardeners' 
ditch  waste 

Heller  ditch 

Clear  Creek 

South  Platte  River  at 
approach  to  Fulton 
ditch 

.....do 

Fulton  ditch 

Stream  flows  into  Ful- 
ton ditch 

Brighton  ditch 

South  Platte  River  at 
Brighton  bridge 

Dry  Creek 

Platte  ville  ditch 

McCann  seepage  ditch.. 

South  Platte  River 

Evans  No.  2  ditch 

Beaman  and  Meadow 
Island  ditches 

Independent  ditch 

South  Platte  River 

Cook  is  Hewes  ditch 

Seepage  to  Cook  & 
Hewes  ditch 

St.  Vrain  Creek 

South  Platte  River  be- 
low Union  ditch 

Section  No.dditch 

Big  Thompson  Creek  ... 

Lower  T.atham  seepage 
ditch 

Lower  Latham  ditch 

South  Platte  River  at 
Evana  bridge 

Poudre  River 

Lone  Tree  Creek 

Sterling  seepage  ditch. . 

South  Platte  River  at 
Kersey  brid^ 

Boxelder  Creelc 


Sec.-ft. 


97. 85 


Sec.-ft. 
?3.30 


31.81 


55. 3U 
14. 70 
31).  (Mj 


fl         < 


Sec.-ft.  Sec.-ft. 


hi 
0 


£sss 

w  a** 


a 

2a 

G 

I 

43 


Sec.-ft.  Sec.-ft. 


13.48 


3.07 
23.54 


131.81 


89.394 


a  0.75 
a0.508 
1.11  I 
3. 167i 


113.40 
161.26 


15.4: 


0.96 
12.43 
10.83 


"1.98 


33.96 


40. 1; 


33.96 


r4.13 


5.10 
121.72 


61.42 


2.11 


95.50 
76.82 


61.73 


81.83 


112.06 


44.48 


3.73 

i.'io 


105.61 


16. 


<» 


0.68 


16.92 

68.65 

"18.80* 


121.94 


18.80 
48.38 

17.  ?2 
23.70 
89.80 
16.17 

2.00 
52.57 

16.17 
2.63 


15.17 


c4.0 
15.17 


192.58 


19.56 
22.18 


4.66 
298.77 


52.57 
"16.78" 
C20.07 


167.87 


150.48 


115.69 


&3.39 


73.66 


33.80 


134.28 


85.64 


iMWs 


*> 


90.35 


86.96 


160.62 


194.48 


216.70 


41.06 


16.78 
84.69 

1.87 


86.56 


197.98 


212.21 


a  Seepage  gaged  for  record  only. 


6.78 
h  Decrease. 


76.04 


257.76 


Mile*. 


333.80 


19.63 


363.43 


6.0 


a 

o 
c  s 

I 

U 

B 


Sec.-ft. 


6.0 


10.0 


11.0 


7.0 


8.0 


8.0 


9.0 


r.5 


6.0 


fNow  enters  river. 


6.09 


1  C3 


6U.31 


10.52 


4.  S3 


2.78 


4.56 


10.14 


3.27 


COLOBADO. 


808 


CompiUations  of  seepage  on  South  Platte  River ,  Colorado,  1900 — Continued. 


Date. 

Stream  or  ditch. 

In  river. 

i 

a 

s 

s 

i 

Amount  in  river  -f- 
amount   diverted 
and  —  inflow. 

Increase  in  volume 
of  river  between 
points  measured. 

Increase  from  can- 
von  to  point  where 
last  measured. 

Distance     between 
points. 

Increase  in  volume 
per  mile. 

Oct.  28 
Do... 

South  Platte  River  at 

Hardin  Station 

Liatham  waste 

Sec-ft. 
861.20 

Sec'ft. 

Sec.-ft 

6.78 
0.54 

Sec-ft. 
364.42 

8ec,-ft. 
65.65 

Sec-ft. 
409.08 

Miles. 
8.0 

Sec-ft. 
6.96 

Do... 

Ckirona  ditch 

4.18 
11.68 

15.71 

7.60 

45.20 

52.71 

.... .... 

Do... 

Schultz  ditch 

Do... 
Do 

South    Platte    Biver 
above  Putnam  ditch  . . 
Putnam  ditch 

348.  ae 

0.54 

65.06 

3.86 

412.94 

12.0 

0.32 

Do 

Weldon  Valley  ditch 

Oct.   27 
Do... 

South  Platte  Biver  at 

Orchard  Station 

Fort  Mor^n  canal 

South  Platte  Biver 

Dueul  &  Snvder  ditch  . . 

323.78 
2B8.01 
115.24 

376.49 

26.60 

4m.  54 

8.5 

3.13 

Do... 

&53.25 

29.47 

469.01 

9.0 

3.27 

Do... 

5.04 

116.78 

22.55 

144.91 

46.15 
25.19 

71.34 

23.26 

19.52 

a  23. 57 

24.50 

2.78 

93.63 

7.28 

31.86 

11.40 

50.52 
28.50 

Do... 

Upper  Platte  and  Bea- 
ver ditch , -  -  - . 

Do 

Piatt  ditch 

Do... 
Oct.   29 

South  Platte  Biver 

Lower  Platte  and  Bea- 
ver ditch       , . 

14.05 

158.96 

43.72 

512.73 

9.0 

4.86 

Do... 

A.  A.  Smith  ditch 

Do... 

South  Platte  Biver  at 
Snyder 

26.48 

97.82 

88.77 

596.50 

11.0 

7.62 

Do... 

Johnson     &     Edwards 
ditch 

Do 

T^tsel  ditch 

Oct.    30 

South  Platte  ditch 

Do... 

Pawnee  ditch 

Do... 

Davis  Brothers^  ditch . . . 

*""" .... 

Do... 

South  Platte  Biver  at 
Merino  bridge 

18.39 

112.02 

85.54 

682.04 

18.0 

1 

4.75 

Do    . 

Snyder  ditch 

Do. 

Sprinffdale  ditch 

[     " 

Do 

Sterling  No.  1  ditch 

Oct.   31  1 
Do... 

South  Platte  Biver  at 

Sterlln^r  bridge 

Bravo  ditch 

29.90 

80.42 

62.06 

744.07 

13.75 

4.51 

Do 

Cedar  Creek.' 

0.50 
0.50 

Do... 

South  Platte  Biver  at 
Biff  bridge 

27.71 
51.35 
50.66 

28.50 

55.71 

5.19 

23.64 

6  0.69 

749.26 
772.90 
772.21 

11.75 ; 

17.0 
15.0 

0.44 

Nov.   1 

South  Platte  Biver  at 
Crook  bridge 

1.39 

Do... 

South  Platte  Biver  at 
Sedgwick  bridge 

SoutnKeservatlon  ditch 
at  State  line  

0.04 

Nov.    2 

2.47 

Nov.    — 

Liodgepole  Creek 

0.18 
0.18 

Nov.    2 

1 

South  Platte  Biver  at 
State  line 

76.35 

2.47 

78.64 

27.98 

800.19 

17.0 

1 

1.65 

1 

1 

a  All  water  taken  by  this  ditch. 


b  Decrease. 
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Computatiorut  of  seepage. 
BEAR  GREEK*  COLORADO,  1900. 


Date. 

LocaUty. 

In  river. 

Diverted 

by 

canals. 

Inflow. 

Section 

gain  or 

loss. 

Total 

gain  or 

loes. 

October  27 .--. 

Aboye  Morrison  dam............ 

Sec.'feet. 

24.06 
6.57 
0.81 

10.11 
4.64 

Sec-feet.  Sec-feet. 

Sec-feet. 

Sec-feet. 

Do 

Below  Morrison  dam 

Below  Pioneer  Union  ditch 

County  line ...................... 

9.69 

0.38 

Do 

0.23 
8.64 

3.70 
9.53 
2.48 

3.70 

Do 

O.A0 

13.23 

Do 

Near  month 

16.71 

1 

CLEAR  CREEK,  COLORADO,  190a 


October  29 

Three-fourths     mile    above 
Golden 

27.39 
4.46 
10.56 
16.83 
20.26 
13.87 

0.23 

2.87 

20.94 

0.49 

Do 

Below  Rocky  Mountain  ditch... 
do 

-2.48 

-2.48 

October  30 

1.75 
0.98 

Do 

Near  where  river  branches 

Near  junction  of  river 

8.03 
4.36 

S.-'Vi 

Do 

9.90 

November  17. . 

do - 

17.39 

Do 

Below  Clear  Creek  and  Platte 
River  ditch 

0.49 

3.75 
2.15 

13.65 

Do 

At  mouth 

15.80 

SOUTH  BOULDER  CREEK,  COLORADO,  1900. 

4 


Gaging  station. 
Belo\ 


tow  Dry  Creek  ditch , 

One- half  mile  above  mouth 


9.24 
2.63 
0.07 


7.44 
2.68 


0.98 
0.12 


0.R3 
1.U5 


BOULDER  CREEK,  COLORADO,  1900. 


October  24 

Do 

Do 

October  25 

Do 

Do 


Gaging  station. 
Valm 


Imont  bridge 

Leggett's  Crossing 

Plumb  Crossing,  county  line. 
One-half  mile  above  mouth . . 


29.25 

5.05 
28.64 

14.24 

13.63 
3.86 

13.63 

18.10 

17.49 

9.97 

11.98 

9.59 

'  ii.eo 

29.09 

1.04 

7.06 

-1.49 

27.60 

ST.  VRAIN  CREEK,  COLORADO,  1900. 


October  17  ... 

Do 

October  18  ... 

Do  

October  19... 

Do 

Do 

Do 


South  of  Lyons 

Below  Oligarchy  ditch 

Below  Ni  Wot  ditch 

Near  County  Line 

do  

Near  mouth  of  Boulder  Creek 

At  Fleming  bridge 

Near  mouth 


66.24 
21.44 
2.01 
81.05 
25.55 
36.02 
49.28 
57.83 


39.04 

31.65 

1.77 


5.41 


9.37 
16.99 


13.09 


-  5.76 

2.85 

14.72 


10.47 
5.58 
8.55 


•  5.76 

•  2.91 
11.81 


2St.'S» 
27.86 
36.41 


LEFT  HAND  CREEK,  COLORADO,  1900. 


Octolier  20 

Below  Johnson  ditch 

3.92 
0.80 

4.37 
0.41 

Do 

Below  Holland  ditch  

L25 

-0.39 

0.18 

6.01 

1.S5 

Do 

At  Williamson  ditch 

0.88 

Do 

One  mile  west  of  Burch  School  . 
Near  mouth 

0.18 
6.19 

1.04 

Do 

7.05 
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Computations  of  seepage — Continued. 

LITTLE  THOMPSON  CBBEK,  COLORADO,  1900. 


Date. 


September  15 

Do 

Do 

September  16 

Do 

Do 

Do 


Locality. 


Below  Eagle  ditch 

Below  moath  of  Dry  Creek 

Rockwell  bridge 

do 

Below  Minor  &  Langdon  ditch. 

Qraham  bridge 

Near  mouth 


In  river. 


Sec.-feet 
0.74 
2.67 
3.34 
3.81 
8.46 

n.io 

5.90 


Diverted 

by 

canals. 


Inflow. 


Sec.-feet. 


4.42 


8.75 


9.08 


Section 
gain  or 

l068. 


Total 
gain  or 

lOBS. 


Sec.-feet. 
0.02 


0.58 


Sec-feet. 


1.91 
5.19 


Sec-feet, 


8.89 
7.65 
3.28 


L91 
8.10 


11.99 
19.54 
22.82 


BIQ  THOMPSON  CREEK,  COLORADO,  1900. 


JulySl 

Jnly20 

Do! 
July  19 

Do! 

Do. 

JulylS 


Do 

September  18 

Do 

September  17 

Do 

Do 

September  9. 

Do 

September  8 . 

Do 

Do 


Below  dam 

At  Langston^s 

do 

Below  L.&0.<;anal 

Above  Farmers*  ditch 

do 

Lytle  bridge 

Below  Hill  &  Brush  ditch 

Ring  place 

Below  Big  Thompeon  and  Platte 

River  ditch. 

Near  mouth 

Below  dam  at  Chasten^s 

AtLangston's 

Below  Ti.&  O.dam 

Below  Farmers' ditch 

Ljrtle  bridge 

do 

Below  Hill  &  Brush  ditch 

do 

Below  Big  Thompeon  and  Platte 

River  ditch. 
Near  mouth 


104.76 

157.16 
28.50 

t ...... 

86.12 
104.16 

1.08 

8.18 

8.18 

99.87 
76.84 
09.80 

46.23 
19.  .55 

85.67 
0.06 

6.27 
-8.54 

14.45 
10.91 

21.61 

47.10 
5.51 

-  1.09 
7.98 

9.82 

26.32 
80.58 

2.24 

17.80 

28.91 

10.89 

23.06 

96.08 

49.45 

10.40 

6.86 

8.85 

81.27 

1.72 

8.80 
25.25 

26.60 

28.76 
30.28 

14.20 

dha*) 

29.21 
28.78 
34.45 

0.66 
16.71 

8.67 

—10.28 

9.02 

0.06 

8.67 

—  1.61 

7.41 

3.24 

7.47 

2.27 

1.62 

5.18 

8.01 

10.48 

4.67 

6.99 
12.64 

2.77 
0.89 

4.26 

5.09 
11.50 

16.57 
27.07 

CACHE  LA  POUDRE  RIVER,  COLORADO,  1900. 


August  2. 
August  3. 
JulyW"! 


Julyia 

jTxHriiV.'.V'.'. 

Julyie 

Julylfl-IIiil! 

Do!'"'ir"" 
September  4.. 

Do 

Septembers.. 
September  90. 

Do 

Do 

September  31 . 

Do 

Do 

September  5 . . 

Do 

September  6 . . 

Do 

Do 

September  7  . 

Do 

Do......... 


At  weir 

Above  new  Mercer  ditch 

do 

Below  Larimer  &  Weld  dam 

do 

Below  No.  2  Reservoir  Supply 

ditch. 

do.... 

Strauss  bridge 

do 

Below  No.  2dam 

Below  Eaton  ditch 

do 

Below  Greeley  No.  'J  dam 

Mill  power  canal 

Below  Camp  ditch 

One-fourth  mile  above  mouth  . . 

At  weir  in  canyon 

Below  Collins  waterworks  dam. 

Below  Larimer  ft  Weld  dam 

do 

Below  No.  2  Reservoir  Supply 

ditch. 
Above  head  of  Boxelder  ditch  .. 

do 

Strauss  bridge 

Below  No.2canaldam 

do 

Below  Eaton  ditch 

do 

Below  Greeley  No.  3  dam  —  . . . . 

Below  Greeley  power  canal 

do 

Below  Camp  ditch 

Near  mouth 


308.85 
117. 19 
138.02 
82.29 
140.88 
120.11 

112.93 

221.62 

285.02 

80.18 

51.43 

65.94 

12.66 

37.50 

13.88 

67.22 

118.32 

4.87 


197.13 
"i05."86" 
"76.'79' 


0.39 

'63.'26' 

64.'79* 


2.53        159.97 


138.00 
34.38 


15.02 
5.74 

11.09 
8.67 

n.75 

12.15 
9.87 
5.93 
6.29 
2.96 

18.43 

18.76 
9.78 

44.63 


62.58 

6.^7 

59.26 


117.83 
34.24 


13.24 


8.06 
0.97 


6.97 


aoo 

1.23' 


25.22 
"  'd."62" 


5.08 
-i4."77" 


-  8.74 


-16.84 
6.63 


6.30 
30.17 
34.29 
43.89 


4.38 
4.15 


3.56 
5.35 


20.07 
5.93 


33.64 


15.44 
'"6."i8 


6.14  i 
1.37  ' 


3.ai 


L30 
21.40 


24.49 
34.85 


5.06 

""'i.'is 

"-12.82 


-16.56 


-33.40 

-27.77 


-21.47 

8.70 

42.99 

86.38 


4.38 
8.53 


12.00 
17.44 


24.95 


27.98 


29.28 

50.68 


75.17 
110.02 


J 
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Computations  of  seepage — Continued. 

BIO  GRANDE,  COLORADO,  1900. 


Date. 


August  30. 
Augrast  31. 

Auffast  20. 

August  21. 

Auffust*22] 

Auanist  23. 

AoKUst  24. 

Do 

Do 

Angnat  25. 

X)o 

All  east  27. 

Do!!!!" 

Do...  . 

August  28. 


Lot-allty. 


Railroad  station  at  South  Fork 
U.  S.  Geol.  Survey  gaging  sta- 
tioD. 

do 

Above  Del  Norte  canal 

do 

AtOflP's 

do 

Below  Prairie  canal 

do 

Below  Monte  Vista  bridge 

do 

Below  San  Luis  canal 

Below  Hickory- Jackson  ditch. . 

do , 

Below  Alamosa 

do 

Above  mouth  of  ConeJoe  River 
Below  ConeJoe,  north  uranch . . 

Below  La  Sauses 

do 

Above  State  bridge 


In  river. 


Diverted 
canals. 


Inflow. 


Section 

gain  or 

loss. 


I 


Total 

gain  or 

lo^. 


Sec-feet. 
194.24 
209.88 

249.06 

176.50 

178.90 

168.48 

156.22 

99.29 

106.91 

14.00 

14.30 

5.90 

10.65 

11.55 

1.00 

1.01 

L35 

15.33 

28.98 

22.31 

17.22 


Sec-feet. \ 
33.41  ; 


Sec-feet. 
0.85 


SeC'/eet.  Sec-feet. 

**48.'i5 Is.  if) 


146.61 

-25.95 

22.50 

32.  IJ 

21.69 

43.^(9 

47.19 

0.31 
4.33 

-10.(6 

33.84 

96.00 

-  3.24 

30.6IJ 

30.29 
14.24 

5.21 

2i.89 
13.08 

52. 49 

66.47 

10.69 

0.14 

'66.61 

14.33 
6.90 

0.24 

-  0.36 

1.76 

66.85 

66.50 

68.25 

-  3.09 

63.16 

CONEJOS  RIVER,  COLORADO,  IflOa 


August  31 

At  State  aaflrinff  station 

24.66 

24.77 

0.60 

0.80 

0.56 

3.88 

4.33 

31.33 

24.02 

1                  1 

1 

Above  San  Juan  bridge 

1.97 
2.15 

2.09 

-22.12 

0.30 

Do 

At  bridge 

-30.08 

August  80 

Above  UeiritoB 

0.77 

-1 ».  73 

Below  San  Antonio  Creek 

At  Mclntire  place 

8.32 

-  1.02 
6.65 

-3  >.  75 

Do 

-It.  10 

August  29 

do 

24.00 
14.19 

Below  Mclntire  spring 

3.00 

-11.10 

Do 

Two  hundred  feet  above  bridge. 

6.88 

-  4.32 

...... —  

UNCOMPAHORE  RIVER,  COLORADO,  1900. 


November  1  . . 

At  Batchelor  switch 

82.04 
29.87 

64.42 
57.64 
88.15 

88.91 
92.11 
62.94 
12.22 
14.28 
14.51 

6.17 
1.44 

2.40 
8.21 

Do 

One-half  mile  below  eleventh 

comer  line. 
Near  Rldgway 

1.10 
23.28 

1.10 

Do 

24.33 

November  2  . . 

do 

2.42 
12.32 

35.58 
1.96 

Do 

Six  and  one-half  miles  below 

Rldgway. 
County  lane - 

-  2.65 

11.10 

21.73 

Do 

32.83 

November  3  . . 

.;.:  do ..:...:...::..... 

50.00 
40.63 
17.87 
23.17 
10.47 
5.78 

0.50 

Do 

stark  bridge,  near  Montrose — 
Bridge  at  Montrose 

10.33 

-  0.09 
19.48 
15.97 

-  4.04 
14.23 

43.16 

November  4  .. 

43.07 

Do 

Above  Spring  Creek 

Waffon  bridfire.  Olathe :. 

7.43 

62.50 

November  5 

78  47 

Do 

Below  Boles  &  Manny  ditch 

74  43 

Do 

One-half  mile  above  mouth 

8.45 

88.66 

LOUP  RIVER  NEAR   COLUMBUS,  NEBRASKA. 

This  station  is  located  near  the  iron  bridge  of  the  ITnion  Pacific 
Railway  just  west  of  Columbus,  Nebraska,  and  only  a  short  distance 
above  the  mouth  of  the  river.  It  is  described  in  Water-Supply  Paper 
No.  37,  page  240.     Results  of  measurements  for  1899  will  be  found  in 
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the  Twenty-first  Annual  Report,  Part  IV,  page  214.     During  1900  the 
following  discharge  measurements  were  made  by  Adna  Dobson : 

Discharge  measurements  of  Loup  River  near  Columbus,  Nebraska. 


Date. 


1900 

Aprils 

April  27 

May  18 

Ma727 

JniielO 

June20 

July  15 

July 29 


Gage 
height. 

Feet. 

1 
Dis- 

charge. 

Sec-feet 
2,365 

4.69 

5.20 

4.455 

4.68 

2.772 

4.67 

2.500 

4.53 

2,161 

4.05 

2,491 

8.93 

1,705 

4.38 

1.322 

Date. 


1900 

August  12 

August  26 

September  16... 

October  7 

October  31 

November  30... 
December  19  ... 


Dis- 
charge. 


Sec- feet. 
1.935 
2,582 
3,077 
2,294 
3,246 
3,542 
2,674 


Daily  gage  height,  infect,  of  Loup  River  iiear  Columbus,  Nebraska,  for  1900, 


Day. 

Apr. 

May. 

June. 

July. 

3.78 
8.90 
8.87 
4.54 
4.28 
4.93 
4.46 
4.62 
4.70 
4.40 
4.35 
4.20 
4.15 
8.98 
8.98 
4.28 
4.78 
4.78 
4.55 
4.38 
4.35 
4.43 
4.45 
4.96 
6.06 
5.00 
4.40 
4.50 
4.38 
4.35 
4.35 

Aug. 

4.43 
4.43 
4.32 
4.28 
4.25 
4.26 
3.96 
4.05 
4.63 
4.68 
4.55 
4.44 
4.48 
4.43 
4.63 
5.53 
5.88 
5.50 
5.38 
4.48 
4.42 
4.38 
4.32 
4.35 
4.50 
4.57 
4.70 
4.68 
4.53 
4.35 
4.28 

Sept. 

Oct. 

Nov. 

1 

4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.71 
4.70 
4.72 
4.74 
4.70 
4.80 
4.81 
4.80 
4.82 
4.&5 
4.87 
4.90 
6.00 
6.30 
5.30 
6.30 
5.32 
5.27 
5.26 
6.25 
5.25 
5.20 
5.20 

5.10 
5.00 
4.95 
4.96 
4.98 
4.95 
4.98 
5.82 
5.30 
6.00 
4.96 
4.95 
5.68 
6.20 
6.14 
5.05 
6.03 
6.01 
6.00 
4.95 
4.75 
4.72 
4.71 
4.70 
4.60 
4.65 
4.90 
4.80 
4.82 
4.70 
6.65 

4.85 
4.70 
4.50 
4.86 
4.87 
4.88 
4.75 
4.65 
4.55 
4.53 
4.66 
4.66 
4.62 
4.61 
4.66 
4.65 
6.28 
5.20 
4.85 
3.98 
3.95 
4.10 
3.85 
3.87 
8.83 
8.88 
3.85 
8.88 
3.83 
8.80 

4.15 

4.20 
4.28 
4.23 
4.25 
4.25 
4.25 
4.27 
4.27 
4.28 
6.98 
6.25 
5.45 
5.63 
6.48 
5.00 
4.70 
4.48 
4.48 
4.46 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.40 

4.46 
4.45 
4.48 
4.48 
4.60 
4.50 
4.55 
4.56 
4.58 
4.60 
4.58 
4.58 
4.58 
4.58 
4.57 
4.57 
4.56 
4.56 
4.60 
4.66 

4.70 

•J 

4  65 

3 

4.60 

4 

4.48 

5 

4.48 

6 

4.45 

4.40 

8 

4.43 

9 

4.45 

ID 

4.48 

11 

4.55 

12 

4.55 

13 

4.59 

14 

4.55 

15 

4  55 

16 

4.50 

17 

a4.58 

18 

19 

ao 

21 

•St 

w 

34 

25 

38 

27 

28 

6.00 
5.00 
4.81 
4.76 

29 

30 

31 

a  Closed  for  winter  November  17. 


PLATTE   RIVER  NEAR  COLUMBUS,    NEBRASKA. 

This  Station,  which  was  established  in  1895,  is  located  above  Merid- 
ian Bridge,  south  of  Columbus.  It  is  described  in  Water-Supply 
Paper  No.  37,  page  242.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  215.  During 
19(X)  the  following  discharge  measurements  were  made  by  Adna 
Dobson: 
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Discharge  measurements  of  Platte  River  near  Columbus,  Nebraska, 


Date. 


1900. 

Aprils 

Aprtl29 

May  13 

May  27 

JnnelO 

JnneSi 

July  15 


Gaffe 
heiRnt. 

Dis- 
charge. 

Sec/t   1 

2.68 

1,907  1 

4.68 

15,e73 

6.05 

21,827 

4.90 

18,567 

4.05 

1.5,606 

4.au 

12,510  , 

2.06 

1,456  1 

Date. 


.height. 


1900. 

July  20 

Angast  26 

September  16  . . . 

October  31 

November  30.... 
December  19 


Feet. 
0.96 
.86 
1.07 
1.72 
1.17 
2.38 


Dis- 
cbarge. 


Sec.'ft. 
394 
149 
408 

817 
569 


Daily  gage  height,  in  feet,  of  Platte  River  near  Columbus,  Nebraska,  for  1900, 


Day. 


1 

.> 

.)            

4  

o        .         .....  -   ....   ............. 

d  

1 . .-.. ...... ............ ............ 

8 

2.60 

9 

2.65 

10 

2.64 

11 

2.64 

12 

2.64 

13 

2.64 

14 

2.64 

15 

2.68 

16 

2.64 

17 

2.68 

18 

3.50 

10 

8.80 

20 

8.70 

21 

22  

8.00 
3.05 

23 

8.06 

24 

3.08 

25 

4.00 

26 

4.10 

27 

4.25 

28 

4.45 

20 

4.63 

30 

4.30 

81 

I  I 

Apr.      May.  ]  June.     July.      Aug.  ,  Sept.      Oct.       Nov. 


4.00 
3.05 
3.04 
3.05 
4.65 
4.68 
5.«0 
5.30 
5.20 
5.20 
5.30 
5.30 
5.05 
5.06 
5.00 
4.95 
4.00 
4.00 
4.8U 
4.75 
4.05 
5.10 
5.40 
5.30 
5.00 
4.05 
4.90 
4.70 
4.  SO 
4.45 
4.40 


I 


4.45 
4.56 
4.60 
4.70 
4.66 
4.75 
5.06 
5.00 
05 
06 
10 
05 
86 
80 
4.05 
6.20 
6.34 
4.06 


00 
00 
82 
60 
42 
4.30 
4.20 
3.06 
3.00 
3.74 
8.60 
8.55 


3.30 
a38 
3.32 
8.33 
8.87 
8.38 
2.05 
2.87 
3.02 
3.00 
2.73 
2.43 
2.20 
2.10 
3.06 
3.23 
2.30 
1.83 
1.86 
1.08 
2.00 
1.43 


SO 
76 
43 
50 
65 
63 

•  }K 

.86 
.50 


0.10 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

0.03 

(a) 

(a) 

(a) 

(a) 

ia) 

(a) 

la) 

0*70 
.70 
.63 
.28 
.08 


(a) 
(rt) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
2.78 
2.25 
2.05 
1.80 
1.48 
1.07 
1.61 
(a) 
(a) 
(a) 
[a) 
a) 
a) 
[a] 
(a) 
ia] 


I 


(a) 
(a) 
(a) 
(a) 
ia) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

<a) 

(a) 

(a) 

1.70 

1.70 

1.70 

1.60 

1.55 

1.50 

1.45 

1.66 


,  1.48 
1.37 
1.25 
1.23 
1.20 
1.16 
LIO 
1.08 

(5) 

(6) 

i 

i 

(6) 
(6) 


a  No  water  at  gage;  all  in  small  channels. 


&  Frozen.    Closed  for  winter  November  17. 


ELKHORN  RIVER  NEAR  NORFOLK,  NEBRASKA. 

Two  gaging  stations  are  maintained  on  this  river,  one  at  Norfolk 
and  the  other  at  Arlington,  Nebraska.  The  station  at  the  former 
place  is  at  the  Thirteenth  street  bridge,  2  miles  south  of  the  town  and 
above  the  mouibh  of  the  North  Fork  of  Elkhorn  River.  It  is  described 
in  Water-Snpply  Paper  No.  37,  page  24:3.  Results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  217.  During  1900  the  following  discharge  measurements  were 
made  by  O.  V.  P.  Stout: 

Discharge  measurements  of  Elkhorn  River  near  Norfolk,  Nebraska, 


Date. 


I  Gage 
.heigtxt. 


AprU20. 

Ma] 

Mai 


Ap 
May  4 


1000. 


27 
o  . 


Di8 
charge. 


Sec.'ft. 

568 

1,207 

468 

407 


Date. 


1900. 

Jnoe  20 

Do 

Angast  3 

September  12  . . 


Dis- 
charge. 


aw.-ft. 

233 
244 

150 
318 
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DaUy  gage  height,  in  feet,  of  Elkhom  River  near  Xorfolk,  Nebraska,  for  19()0, 


Day. 

Apr. 

1.89 
1.87 
1.80 
1.78 
1.78 
1.77 
1.76 
1.71 
1.88 
1.87 
1.79 
1.88 
1.80 
1.79 
1.84 
1.97 
2.57 
2.40 
2.89 
2.42 
2.42 
2.48 
2.60 
2.99 
8.02 
8.10 
8.81 
8.48 
8.68 
8.54 

May. 

June. 

2.09 
2.15 
2.20 
2.08 
1.99 
1.85 
1.87 
1.80 
1.60 
1.69 
1.99 
1.80 
1.61 
1.60 
1.53 
1.58 
1.57 
1.60 
1.50 
1.60 
1.57 
1.57 
1.49 
1.47 
1.46 
1.89 
1.34 
1.34 
1.86 
1.85 

July. 

_ 

1.34 
1.35 
1.34 
1.80 
1.83 
1.32 
1.23 
1.28 
1.25 
1.22 
1.10 
1.15 
1.18 
1.13 
1.62 
1.62 
1.55 
1.68 
1.62 
1.52 
1.62 
1.52 
1.58 
1.53 
1.52 
1.89 
1.41 

i.a9 

1.42 
1.84 
1.80 

i 

Aug. 

1.28 
1.26 
1.24 
1.20 
1.21 
1.16 
1.16 
1.15 
1.14 
1.10 
1.04 
1.18 
1.14 
1.20 
1.80 
1.97 
1.67 
1.65 
1.68 
1.71 
1.62 
1.62 
1.48 
1.39 
1.42 
1.48 
1.63 
1.63 
1.46 
1.42 
1.35 

Sept. 

Oct. 

1.32 
1.38 
1.85 
1.34 
1.84 
1  34 
1.86 
1.34 
1.34 
1.85 
1.35 
1.82 
1.81 
1.35 
1.85 
1.84 
1.35 
1.85 
1.34 
1.86 
1.62 
1.75 
1.97 
1.85 
1.85 
1.88 
1.86 
1.85 
1.85 
1.90 
1.91 

Nov. 

1 

9 

8.56 
3.62 
8.62 
8.67 
8.65 
8.67 
8.58 
8.40 
8.24 
8.25 
2.95 
2.84 
2.76 
2.62 
2.59 
2.62 
2.62 
2.87 
2.82 
2.24 
2.17 
2.13 
2.11 
1.95 
1.95 
2.02 
1.96 
1.98 
1.83 
1.86 
1.85 

1.36 
1.80 
1.29 
1.34 
1.35 
1.27 
1.26 
1.25 
1.24 
1.25 
1.55 
1.68 
1.62 
1.49 
1.47 
1.45 
1.42 
1.38 
1.42 
1.46 
1.46 
1.38 
1.42 
1.41 
1.42 
1.35 
1.83 
1.85 
1.85 
1.88 

1.86 
1.85 

3 

1.82 

4 

1.81 

5 

0 

1.82 
1.81 

7 

1.81 

8 

1.82 

9 

1.82 

10 

1.80 

Jl 

1.82 

1* 

1.75 

13 

1.74 

14 

1.76 

15 

1.76 

1« 

1.74 

17 

a  1.75 

18 

-•••.*•. 

19 

».... 

8 

a 

24 

» 

» 

87 

28 

2N 

3U 

31 

a  Closed  for  winter  November  17. 
ELKHORN  RIVER  NEAR  ARLINGTON,   NEBRASKA. 

This  station,  which  was  established  by  Glenn  E.  Smith  on  April  28, 
1899,  is  located  at  the  wagon  bridge  1  mile  west  of  the  town  of  Arling- 
ton. It  is  described  in  Water-Supply  Paper  No.  37,  page  244.  Re- 
sults of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  218.  During  1900  the  following  dis- 
charge measurements  were  made  by  O.  V.  P.  Stout: 

Discharge  measurements  of  Elkhom  River  near  Arlington,  Nebraska. 


Date. 


1900 

April  19 

Hay  5 

Do 

Junel 

Do 

Jan«M28  

Do 


1 

Oage 
height. 

Feet 
2.06 

Dis-     ' 

charge. 

Sec-n. 

3.25 

1.411 

8.25 

1,458 

1.80 

6113 

1.80 

723 

1.25 

465 

1.25 

468 

Date. 


1900 

August  2 

Do.  

August  14 

September  12  . . 
November  14... 


Gage  I      Di8- 


n 


height,    charge. 


Feet 
1.26 
1.26 
1.15 
1.15 
4.74 
2.05 


Sec,-ft 
462 
431 
441 
415 
2,865 
769 


IRR  50—01- 
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Daily  gage  height^  in  feet,  of  Elkhorn  River  near  Arlington,  N^rraska,  for  1900, 


1. 

3- 

3. 
i. 
5. 
6. 
7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
33. 
34. 
25. 
36. 
27. 
28. 
29. 
30. 
31- 


Day. 


a  Closed  for  winter  November  34. 


Miscellaneoxis  discharge  measurements  of  streams  in  Nebraska, 


Date. 


liKX). 
June  22.... 

June  22 

August  30. 

July  17"."/.! 


Do. 


August  8. 


Aueust  23. 


Stream. 


Legality 


Hydrographer. 


Dis- 
charge. 


Ash  Creek,  East . , 
Ash  Creek,  West 
Ash  Creek,  East. 
Ash  Creek,  West 
Ash  Creek,  East. 


Ash  Creek,  West. 


Beaver  Creek . 
do 


Little  Blue  River 
do 


June  7 

Do 

Do 

July  3d ;  Blue  Creek 


Big  Blue  River. 

...  -do 

do  


November  22 
Octobers 


Do. 


Buffalo  Creek  . . 
Deadman  Creek 


do 


May  27 ,  North  Fork  of  Elkhorn 

'      River. 

Augusts I  — do 

June  39 i  Frenchman  River. .. 


Bridge  \  mile  above  forks 

do 

do 

...do  

Head  of  Tomlin  ditch,  sec. 

31,  T.aSN.,  R.  50W. 
Above  Broadhurst  dam,- 

sec.  35,T.  32N.,  R.  51W. 

Alx>ve  mill  at  Genoa    

Below  diversion  for  Great 

East  canal. 

Ayr 

W.  of  west  line  sec.  18,  T. 

6  N.,  R.  10  W. 

Blue  Springs 

Wilber 

Dewitt 

Below  head  of  Graff  ditch, 

sec.  19,  T.  16  N.,  R.43W. 
Sec.  7,  T.  IN..  K.  40W  .... 
Head  of    Phillip's   ditch, 

sec.  18,  T.  30  NT,  R.  53  W. 
Head  of  Porter  and  Ras- 

mussen  dams,  sec.  1,  T. 

30  N.,  R.  63  W. 
Norfolk  Junction  bridge  .. 

do  


T.J.O'Keefe : 

do , 

do I 

do , 

A.B.  McCoskey.-' 

do 


O.V.P.Stout  .. 
do 


.do 
.do 


do 

do 

do 

E.  D.  Johnson . 

W.  A.  Channel 
T.J.O'Keefe.. 


do 


O.  V.  P.  Stout 


.    Two  miles  above  Culbert- 


August  17 1 do 

July  26 1 do 


do 

Adna  Dobson... 


Do. 

Do- 

July27 


'^. 


do 

do 

.do 
.do 


son. 

Culbertson 

Head  Maranville  dam,  sec 

17,  T.  6  N.,  R.  40  W. 
Headof  Inman'sdam,sec.  , do 

12,  T.  0  N.,  R.  41  W. 
Head  of  Wirnig  dam,  sec do 

24,  T.  6N.,  R.  4i)W. 

Wauneta , do 

Palii^adf 1 do 


O.V.P.Stout  ... 
A.B.  McCoskey. 


Sec. ft. 
0.2 
.1 
.0 
.0 
.4 

1.0 

50.2 
7.2 

1.7 
1.6 

262.0 
18JI.8 

14.1 

9.9 
l.s 

1.1 


75.9 

79.0 

84.(1 
a3.i 

q8.0 

a  14.0 

74.3 

91.  :i 
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Miscellaneous  discharge  measurements  of  siream,s  in  Nebraska — Continued. 


Date. 


1900. 
September  29 


July  28 

November  2S 
November  14 

Mar  17 

May  18 

May  15 

Do 

May  22 
May  25 
May  S3 
May  26 
May  21 
Aai^st  7 
August  8. 
AninistO. 
AUKUSt  10. 

Aagast  14. 
August  16.. 
August  17.. 
August  22. . 
September 

Do 


Stream. 


Frenchman  River. 


Qraff  ditch  .. 
Horse  Creek. 
Indian  Creek 


Lodffepole  Creek 

do 

do 

do 

do 


Do 

September  12. 
September  15. 
September  18. 
Octobers.... 

Octobers 

October  18.... 

June  28 

September  24. 
June  28 


September  6.. 
September  7.. 


July  18 


August  7 
>o..- 


Do 

August  13 

December  20 . . 
September  26. 
November  5 .. 
October  26.... 


August  18 
Do 


September  29. 

June  28 

J[ulyl8 

July  27  ""'"'. 
November  22.. 

August  17 

August  22 

September  22 . 
September  24 . 

August  24 

September  25 . 

August  23 

September  1 .. 


September  3 
August  22... 


do 

do 

do 

do 

do 

do 

do 

Medicine  Creek . 
Monroe  Creek . . 
Muddy  Creek... 


Niobrara  River , 
do  


.do 

.do 
.do 


do 

Platte  River 

South  Platte  River. 
North  Platte  River . 

do 

Plain  Creek 


North  Fork  of  Republi- 
can River. 

South  Fork  of  Republi- 
can River. 

Republican  River 

do 

do 

do 

do 

Rock  Creek 

Salt  Creek 

Soldier  Creek 

do 

Sowbelly  Creek 


Turkey  Creek 

War  bonnet  Creek. 
White  Clay  Creek. 
White  River 


.do 
.do 


July  16 do 

Do ; do 


Locality. 


30, 
at 


Head   of   Inman*s  ditch, 
8ec.l7,T.6N.,R.40W. 

Near  head 

Sec.ll.T.lN.,R.39W.-. 

Line  between  sees.  10  and 
11,T.2N.,R.37W. 

Sec.l4,T.14N.,R.51W... 

Soc.31,T.14N.,R-47W... 

Sec.  33, T.  14  N..  R. 49  W  ... 

Sec.34,T.14N.,R.49W  ... 

Sec.l2,T.lSN.,R.45W... 

Sec. 36, T.  16  N.,  R. 67  W  ... 

Sec.  28 jr.  28  N. ,  R.  15  W . . . 

Sec.2.T.14N.,R.58W.... 

Sec.  8,  T.  13  N„  R.  46  W  - . . . 

Sec.  36  J.  13  N. ,  R.  45  W  . . . 

Sec.3,T.14N.,R.58W.... 

Sec.23,T.15N.,R.55W... 

Sec. 33. T.  15  N.,R.57  W  ... 

Sec.  3, f .  12  N..  R.  45  W - . . . 

Sec.33,T.14N.,R.40W... 

Soc.31,T.14N.,R.47W... 

Sec.  14/r.  14  N. ,  R.  51  W  . . . 

Sec.2,T.13N..R.4«W 

Above  Polly  ditch,  sec 
T.15N:.R.55W. 

Below     Folly    ditch, 
bridge. 

One  mile  west  of  Kimball 

Kimball 

do 

do 

Above  Neumanns  dam 

Lodgepole  Station 

Chappell i 

Cambridge 

Sec.  33, T. 33  N.,  R.66W.-- 

Three  miles  above  Arapa- 
hoe. 

Sec.  11,  T.  28  N. ,  R.  53  W  . . . 

Greggs^s  bridge,  near 
Marsland. 

Above    Marsland,  sec.  6, 
T.28N.,R.61W. 

Dnnlap 

Head  of  Mirage  canal,  sec. 
26,T.29N.,R.41W. 

Sec. 29, T. 29  N.,  R.47W... 

Fremont 

North  Platte 

Uering  bridge 

do 

Hoef 's  miU,  sec  27,  T.  31  N. , 
R.34W. 

Benkelman 


-do. 


Culbertson 

Cambridge 

Bridge  at  Edison 

Bridge  at  Oxford 

Bridge  at  McCook 

Sec.2i,T.lN.,R.39W.... 

Lincoln 

Fort  Robinson 

.-..do 

Head  of  Nutto  ditch,  sec. 

24,T.32N.,R.66W. 
I^aoonee 
Sec.  21,  T.  33  nV'r"  '66W  '". 

Sec.l,T.31N.,R.62W 

First  wagon  bridge  below 

Crawford. 

Whitney 

Head  of  Crawford  canal 

ditch. 
Head  of  Crawford  ditch. . 
Below  Crawford 


Hydrographer. 


E.D.Johnson 


do 

W.  A.  Channel 
.....do 


E.  D.  Johnson 

.....do 

do 

do 

do 

.....do 

.....do 

do 

.....do 

do 

.....do 

do 

do 


.do 
.do 
.do 
-do 
-do 
-do 


do 


do 

do 

do 

do 

do 

do 

.  —  .do 

Adna  Dobson 
T.J.O'Keefe. 
Adna  Dobson 

T.J.O'Keefe. 
do 


A.  B.  McCoskey 


.do 
.do 


do 

O.V.P.Stout.. 
Adna  Dobson.. 
A.  B.  McCoskey 

do 

do 


O.  V.  P.  Stout 


Dis- 
charge. 


Sec. 'ft. 
6.3 

13.3 

L2 
L3 

2.3 
2.6 
3.9 


3 
3 

.  I 

3 
2 
,3 
,1 
.2 
.3 


6 
1 
4 
i 

9 
2 
3 
6 
6 
12.3 
1.3 
6.4 
2.5 
2.3 
2.8 
2.4 

1.1 


3 
9 
1 
3 
3 


.do 


do 

Adna  Dobson 

E.D.  Johnson 

do 

A.  B.  McCoskey.. 
W.  A.  Channel. - 

Adna  Dobson 

T.J.O'Keefe 

do 

do 


O.V.P.Stout.... 

T.J.O'Keefe 

do 

do 


do 
do 


A.  B.  Mcfcoskey 
do 


1. 
4. 
1. 
4. 
3. 
2.1 
3.1 
24.5 
.1 
3.7 

10.8 
11.2 

7.0 

14.1 
a  14. 5 

4.0 

2,300.0 

963.0 

3;e.i 

.624.8 
28.8 

4L7 

3.0 

0.0 
73.0 
1(3.6 
14.3 

iu;3.8 

8.8 

yor.o 

1.8 
2.5 
3.1 

7.0 

.7 

1.5 

13.5 

5.0 
U.O 

15.5 
2.S.3 


i>. 


a  Diverting  all  the  water  of  the  river  at  that  point  at  the  time  the  gaging  was  made. 
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REPUBLICAN  RIVER  NEAR  SUPERIOR,    NEBRASKA. 

This  station,  which  was  established  June  20,  1806,  is  located  about 
1  mile  west  of  Superior.  Discharge  measurements  are  made  from  the 
highway  bridge,  thus  determining  the  total  amount  of  water  passing 
over  the  dam  and  through  the  mill  race.  The  discharge  of  the  mill 
race  is  measured  also,  and  is  deducted  from  the  total  discharge,  in 
order  to  determine  the  amount  passing  over  the  dam.  The  station  is 
described  in  Water- Supply  Paper  No.  37,  page  245.  Results  of  meas- 
urements for  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  220.  During  1900  the  following  measurements  were 
made  by  O.  V.  P.  Stout  and  Adna  Dobson; 

DUicharge  measurements  of  Republican  River  and  mill  race  near  Superior, 

Nebraska, 


Biyer. 


Date. 


1900. 

April  16 

April  88 

May  19 

June  1 

June  21 

Aiiirii8tl6 

September  ao.... 
October  23 


Gage 

Dis- 

height. 

charge. 

Fe€t. 

Sec.-feet., 

0.91 

989  ' 

1.06 

1,056  1 

.68 

457 

.54 

874 

.48 

312 

1.78 

.      438 

1.21 

67 

1.81 

118 

April  15. 
April  26. 
May  19.. 
June  1.. 
June  21. 


Mill  race. 


Date. 


1900. 


Gage 
leignt. 


heig 


Feet 


Dis- 
charge. 


Sec-feet. 

'  0 

1.14  I  79 

2.60  I  113 

8.20  I  93 

aiO  .  58 


Daily  gage  height,  in  feet,  of  Republican  River  near  Superior,  Nebraska,  for  ll^M), 


Day. 

Apr. 

1 

0.74 

2  

.73 

3 

.65 

4 

.65 

5  

.65 

rt 

.64 

.64 

8 

.67 

9 

.62 

10 

.64 

11 

.64 

Vi 

.68 

13. 

.80 

14... 

.75 

is 

.91 

16 

1.00 

17 

• 

1.10 

18 

1.04 

19 

.98 

20 

.98 

21 

1.20 

22 

1.09 

23 

1.00 

24 

1.41 

25 

1.01 

2» 

1.06 

27 

1.11 

28 

1.17 

29 

1.13 

30 

1.00 

81 

Apr.   '   May.     June.  !  Jnly.      Aug. 


Sept 


0.94 

0.73 

0.41 

1.14 

.92 

.52 

.89 

1.35 

.90 

.52 

.30 

.25 

.89 

.49 

.18 

—.42 

.84 

.49 

.21 

1.20 

.97 

.48 

.20 

1.22 

1.13 

.43 

.09 

—.67 

2.11 

.89 

.21 

.01 

1.61 

.35 

.00 

—.08 

1.25 

.25 

.89 

—1.50 

1.10 

.53 

.24 

(a» 

1.02 

.73 

.19 

(a) 

.92 

.79 

.07 

(a) 

.90 

.58 

-.50 

(a) 

.82 

.51 

-.68 

.21 

.77 

.65 

.61 

2.25 

.74 

.41 

.78 

1.52 

.66 

.42 

.90 

1.40 

.63 

.42 

1.06 

1.42 

.59 

.41 

1.23 

1.24 

.62 

.43 

1.20 

1.23 

.62 

.52 

1.22 

1.20 

.59 

.57 

1.14 

1.20 

.63 

.41 

1.21 

1.16 

.70 

.63 

1.14 

1.03 

.63 

.53 

1.18 

.91 

.59 

.54 

1.09 

.90 

.49 

.50 

.TZ 

.99 

.49 

.43 

1.63 

.10 

.58 

.38 

1.46 

(a) 

.49 

1.30 

(a) 

(a) 

(a) 
(a) 
(a) 
(a) 

(a) 

(a) 

(«) 


1.72 


( 


2.62 
1.67 
1.40 
1.30 
1.32 
1.16 
1.22 
1.19 
1.17 
1.13 
1.05 
1.21 
1.02 
.82 

'% 

.32 
.39 
.83 


Oct.       Nov, 


0.94 
.82 
.65 
.99 
.15 
.15 
.01 
.39 
.44 

(a) 
.08 


.22 

(o) 

.41 

.25 

(a) 

.13 

.28 

.07 

1.87 

1.28 

1.31 

1.26 

\.^ 

1.80 

1.15 

1.25 

1.12 

1.06 

.87 


ir   f 


0.83 
.  ws 
1.09 
1.23 
1.10 
LIS 
1.15 
1.11 
1.31 
1.35 
1.2» 
1.31 
1.30 
1.21 
1.24 
1.29 

I.  a) 

1.38 
1.22 
1.25 

(6) 

1.30 

ci.as 


a  No  water  at  gage;  all  in  mill  race. 


5  Ice. 


c  Closed  for  the  winter  November  24. 
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Daily  center  depth,  in  feet,  of  mill  race  near  Superior,  Nebraakaf  for  1900, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

I 

3.65 
8.50 
8.78 
8.60 
8.57 
3.50 
8.70 
8.07 
8.60 
3.80 
8.87 
8.82 

ao9 

8.76 
3.00 
4.20 
4.27 
3.18 
8.  OB 
2.80 
3.87 
8.16 
8.00 
8.80 
2.20 
2.80 
2.78 
8.20 
3.30 
8.60 

3.60 
8.75 
8.80 
8.84 
3.54 
3.67 
4.00 
4.81 
4.21 
2.00 
2.70 
2.76 
1.47 
1.52 
1.33 
1.53 
2.00 
2.87 
2.60 
3.02 
3.57 
8.50 
3.80 
8.05 
8.86 
4.02 
2.63 
4.02 
8.58 
4.83 
4.05 

4.53 
3.86 
4.04 
4.12 
4.12 
4.11 
4.11 
4.10 
4.02 
8.70 
4.27 
4.47 
4.00 
4.00 
3.83 
4.30 
4.30 
4.82 
4.30 
4.06 
8.10 
8.40 
8.38 
8.00 
4.20 
4.84 
4.54 
4.40 
4.38 
4.12 
---•  ---- 

4.28 
4.80 
4.88 
4.27 
4.16 
4.04 
8.62 

4.  or 

3.94 
4.28 
8.08 
3.00 
8.87 
8.36 
8.06 
4.48 
4.68 
4.76 
4.00 
6.18 
6.10 
6.11 
6.00 
5.02 
6.12 
4.02 
4.00 
4.00 
6.27 
6.40 
5.00 

5.00 
5.85 
2.50 
2.25 
5.21 
6.00 
3.20 
3.85 
8.58 
1.88 
1.00 
1.11 
1.05 
1.12 
8.93 
5.25 
5.15 
5.00 
4.98 
5.00 
4.85 
4.58 
4.82 
4.87 
4.72 
4.52 
4.68 
4.55 
8.66 
3.12 
3.22 

2.00 

.65 

.54 

.52 

.58 

.58 

.60 

.45 

.40 

.63 

3.25 

6.55 

4.23 

4.82 

4.52 

8.08 

8.62 

3.52 

8.57 

8.57 

3.52 

3.48 

3.58 

8.52 

8.88 

2.68 

2.80 

2.80 

8.00 

8.14 

3.41 
8.22 
8.14 
8.27 
2.60 
2.71 
2.58 
2.88 
2.96 
2.56 
2.68 
2.63 
2.82 
2.20 
3.12 
8.02 
2.63 
2.88 
2.86 
2.68 
&99 
8.92 
8.90 
3.02 
8.95 
8.89 
8.78 
4.02 

aso 

8.62 
8.55 

3.60 

2 

3.58 

3 

3.53 

4 

8.60 

5 

8.60 

6 

8.61 

7 

•  8.66 

8 

8.60 

9 

8.88 

10 

8.75 

11 

8.88 

12 

8.70 

13 

8.75 

14 

8.60 

15 

8.07 

16 

8.80 

17 * 

18 

8.82 
8.82 

8.72 

20 

8.00 

21 

8.30 

22 

8.68 

23 

24 

8.60 
8.06 

25 

26 

27 

28 

29 

30 

31 

REPUBLICAN  RIVER  AT  JUNCTION,    KANSAS. 

This  station  is  described  in  Water-Supply  Paper  No.  37,  page  248. 
On  October  23,  1900,  a  new  bench  mark  was  established,  at  an  eleva- 
tion of  12.35  feet  above  the  zero  of  the  old  gage.  It  is  a  spike  driven 
in  the  west  side  of  a  cotton  wood  tree  18  inches  in  diameter  and  10  feet 
west  of  the  bridge.  The  spike  is  about  2  feet  above  the  ground.  The 
observer  is  W.  M.  Hickman,  engineer  of  the  waterworks  pumping 
station,  which  is  about  100  feet  from  the  gage.  Results  of  measure- 
ments for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part 
IV,  page  221.     During  1900  the  following  measurements  were  made: 

May  5:  G«ge  height,  4.50  feet;  discharge,  1,158  second-feet. 
May  22:  Gage  height,  4.10  feet;  discharge,  851  second-feet. 
September  24:  Gage  height,  8.40  feet;  discharge  364  second-feet. 
October  23:  Gage  height,  2.80  feet;  discharge,  208  second-feet. 
November  80:  Gage  height,  2.80  feet;  discharge,  183  second-feet. 
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Daily  gage  height,  in  feet,  of  Republican  River  at  Junction^  Kanaas^for  1900. 


Day. 


1... 

2... 

3... 

4... 

6... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
18... 
14... 
15... 
16... 
17... 
18... 
19... 
S»... 

a... 

23... 
24... 
26... 

«... 
27... 

28... 
29.., 
80... 
81... 


Jaxi: 

Feb. 

Mar. 

Apr. 

8.7 

3.7 

8.8 

4.2 

8.5 

8.9 

4.0 

4.0 

8.8 

d.9 

4.0 

4.0 

8.6 

8.9 

4.2 

8.9 

8.5 

4.0 

8.9 

8.8 

8.8 

4.1 

4.2 

3.8 

8.6 

4.2 

4.2 

8.8 

8.4 

4.2 

4.6 

3.8 

8.6 

4.1 

6.8 

4.0 

8.6 

8.9 

6.4 

3.9 

8.8 

4.1 

6.2 

3.9 

3.6 

4.2 

5.4 

3.8 

8.6 

3.8 

5.2 

3.8 

8.5 

3.9 

4.4 

3.7 

8.7 

4.1 

4.5 

8.6 

3.7 

3.8 

4.6 

4.5 

8.7 

3.8 

4.9 

4.9 

8.6 

3.8 

4.6 

6.0 

8.8 

8.8 

4.4 

6.2 

3.8 

3.9 

4.5 

5.9 

8.8 

8.9 

4.2 

5.2 

3.9 

4.0 

4.2 

5.4 

3.7 

4.1 

4.2 

5.4 

8.9 

4.2 

4.0 

5.0 

8.8 

4.0 

4.3 

5.2 

8.8 

4.0 

4.4 

5.4 

8.9 

3.8 

4.2 

5.7 

8.8 

8.8 

4.0 

5.9 

8.9 

4.0 

5.5 

8.8 

4.0 

5.0 

8.7 

4.2 

May. 


Jane. 


5.2 

6.0 
4.6 
4.6 
4.5 
4.4 
4.0 
4.5 
4.7 
4.9 
5.1 
6.1 
6.0 
5.8 
4.5 
4.7 
4.7 
4.9 
4.9 
4.7 
4.5 
4.8 
4.2 
4.1 
4.0 
4.0 
4.0 
4.1 
4.0 
4.5 
4.6 


3.8 
8.8 
8.9 
8.7 
8.7 
8.9 
8.8 
8.7 
8.7 
8.7 
8.6 
8.6 
4.0 
8.7 
3.7 
8.6 
3.6 
4.8 
8.7 
8.7 
8.6 
8.6 
8.5 
8.6 
8.7 
8.6 
8.5 
3.5 
8.5 
8.6 


July. 


3.5 
8.5 
8.4 
8.8 
8.3 
8.3 
8.8 
8.8 
8.2 
8.1 
8.1 
3.1 
3.0 
3.0 
8.2 
3.2 
8.3 
8.4 
8.8 
8.3 
8.8 
8.8 
8.5 
3.5 
8.4 
4.0 
8.7 
8.5 
8.5 
3.4 
8.4 


Aug. 


3.4 
3.8 
8.8 
8.0 
3.0 
8.2 
8.2 
8.8 
8.4 
8.8 
8.0 
8.0 
8.0 
8.1 
3.0 
2.9 
2.7 
2.7 
2.7 
2.7 
2.7 
3.0 
8.0 
3.5 
3.8 
8.8 
8.8 
8.2 
8.2 
3.8 
8.2 


Sept. 


8.0 
8.0 
3.0 
8.2 
8.1 
8.0 
2.9 
8.0 
8.0 
2.9 
8.0 
3.0 
8.8 
5.5 
6.0 


Oct 


Nov. 


Dec. 


3.6 
8.5 
8.5 
8.5 
8.4 
3.3 
3.4 
5.9 
4.3 
8.8 
3.5 


8.8 
3.8 
3.8 
3.8 
3.2 
8.2 
8.2 
8.8 
8.8 
8.8 
8.2 
8.2 
3.1 
8.0 
3.0 
8.0 
3.0 
2.9 
2.9 
2.9 
3.1 
3.4 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.8 
8.0 
3.2 


3.0 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.7 
2.8 
2.7 
2.8 


2. 
2. 
2. 
2. 
2. 
2. 


8 
8 
8 
I 

9 
9 
2.8 
2.8 
2.7 
2.7 
2.8 
2.8 


2.8 
2.8 
2.8 
2.9 
2.9 
3.1 
3.1 
3.0 
2.9 
2.9 
2.9 
3.0 
3.0 
3.1 

ai 

3.0 
3.0 
3.0 
3.0 

ao 

3.1 

0.0 

as 

3.2 
3.3 

ai 

3.2 

a2 
a  2 


SOLOMON  RIVER  NEAR  NILES,  KANSAS. 

This  station  is  described  in  Water-Supply  Paper  No.  37,  page  249. 
Records  of  discharge  measurements  will  be  found  as  follows :  For  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  342;  for  1898,  Twentieth 
Annual  Report,  Part  IV,  page  214;  for  1899,  Twenty-flrst  Annual 
Report,  Part  IV,  page  223.  During  1900  the  following  discharge 
measurements  were  made  by  W.  G.  Russell: 

Discharge  measurements  of  Solomon  River  7iear  Niles,  Kansas, 


Date. 

Oase 
hei^t. 

1 

Dia-     1 
charge.  , 

Date. 

Gage 
hei^t 

Dis- 
charge. 

April  20.. 

1900. 

Feet. 

18.05 

12.10 

6.00 

5.40 

Sec.-ft  1 

3,698  > 

1,636  i 

266 

157 

1900. 
October  4 

Feet. 
4.60 
4.60 
4.90 

Sec-ft. 
75 

April  21 

October  80 

63 

May  23 

December  1 

t& 

June  14 

KANSAS. 
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Daily  gage  height,  in  feet,  of  Solomon  River  near  NUes,  KansoAy  for  1900, 


Day. 


1 
2 
3 

4 
5 
6 

I 

8 
9 
10 
11 
12 
13 
14 
15 
16 

i: 

18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 


Jan. 


4.9 
6.0 
5.0 
6.0 
6.0 
6.0 
4.9 
4.9 
4.6 
4.6 
4.8 
4.8 
5.0 
4.9 
4.8 
4.7 
4.6 
4.3 
4.7 
4.8 
6.1 
5.2 
6.1 
6.1 
6.0 
4.9 
4.8 
4.8 
5.0 
6.1 
4.7 


Feb.  Mar. 


Apr. 


4.7 
5.0 
4.8 
4.9 
6.0 
4.7 
4.9 
4.7 
5.0 
5.1 
6.2 
5.1 
6.0 
6.0 
4.9 
5.0 
5.0 
5.0 
6.0 
5.0 
6.4 
5.8 
5.4 
6.0 
5.1 
5.0 
5.0 
4.9 


6.5 
6.2 
6.1 
6.1 
5.2 
6.2 
6.6 
6.8 
6.3 
12.9 
9.6 
7,2 
6.5 
6.2 
5.7 
5.6 
6.3 
5.3 
5.3 
6.2 
6.2 
5.1 
5.2 
6.0 
4.8 
4.9 
4.9 
4.9 
5.0 
6.0 
4.9 


6.0 
4.9 
4.8 
5.0 
6.0 
4.9 
6.0 
5.0 
4.9 
4.8 
4.8 
4.9 
4.9 
4.7 
5.1 
5.2 
6.2 
18.3 
:i0.2 
20.1 
12.4 
8.8 
8.4 
7.6 
7.2 
7.1 
7.8 
8.8 
9.7 
8.3 


May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

7.8 

6.9 

6.0 

6.9 

4.5 

4.7 

4.6 

7.3 

•6.2 

5.2 

6.3 

4.6 

4.7 

4.5 

6.9 

7.0 

5.1 

6.1 

4.5 

4.8 

4.6 

6.9 

7.8 

4.9 

5.8 

4.6 

4.7 

4.7 

6.4 

9.0 

4.8 

6.6 

4.5 

4.6 

4.7 

6.4 

7.7 

4.7 

5.3 

4.4 

8.5 

4.4 

6.2 

7.0 

4.7 

5.3 

4.4 

7.3 

4.5 

6.1 

6.3 

4.6 

5.4 

4.5 

6.6 

4.7 

6.5 

5.7 

4.6 

5.1 

4.2 

5.0 

4.8 

9.5 

5.5 

4.5 

5.1 

4.3 

4.9 

4.3 

7.8 

5.4 

4.6 

4.9 

4.5 

4.9 

4.6 

8.6 

5.4 

4.4 

9.0 

4.4 

4.8 

4.7 

7.3 

5.4 

4.4 

7.4 

4.4 

4.9 

4.8 

7.1 

6.4 

5.1 

7.0 

4.3 

4.6 

4.3 

6.5 

5.3 

4.8 

5.5 

6.5 

4.6 

4.2 

10.3 

5.4 

4.4 

5.1 

13.4 

4.6 

4.6 

9.0 

6.5 

4.3 

5.1 

8.1 

4.5 

4.6 

8.4 

6.4 

4.3 

6.0 

7.0 

4.5 

4.6 

7.5 

6.3 

4.6 

7.8 

6.6 

4.8 

4.5 

6.8 

6.2 

4.4 

8.9 

6.0 

4.8 

4.5 

6.5 

5.1 

4.3 

7.0 

7.9 

4.7 

4.8 

6.3 

5.1 

4.3 

6.2 

6.0 

4.8 

4.5 

6.9 

5.0 

4.2 

5.3 

5.6 

4.8 

4.9 

5.8 

4.9 

7.9 

5.3 

5.2 

4.7 

5.0 

5.7 

5.0 

5.5 

5.3 

5.0 

4.6 

4.6 

9.7 

4.9 

4.7 

5.0 

10.3 

4.8 

4.7 

9.6 

4.8 

5.4 

4.9 

9.0 

4.6 

4.4 

9.8 

4.9 

5.1 

4.8 

6.8 

4.5 

4.4 

7.1 

4.9 

6.2 

4.6 

5.4 

4.7 

4.6 

6.4 

6.0 

7.6 

4.6 

5.0 

4.6 

4.7 

6.0 

7.9 

4.5 

4.7 

i-^ec. 


4.6 
4.9 
4.8 
6.0 
4.6 
4.8 
4.6 
4.3 
4.7 
4.6 
4.7 
5.0 
4.3 
4.7 
4.8 
4.7 
4.5 
4.4 
4.4 
4.5 
4.6 
4.8 
4.5 
4.6 
4.7 
4.4 
4.7 
4.9 
4.6 


SALINE   RIVER  NEAR  SALINA,  KANSAS. 

This  station  is  described  in  Water-Supply  Paper  No.  37,  page  250. 
The  observer  is  Charles  Tressin.  Records  of  results  of  measurements 
will  be  found  as  follows:  For  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  346;  for  1898,  Twentieth  Annual  Report,  Part  IV,  page  316; 
for  1899,  Twenty-first  Annual  Report,  Part  IV,  page  224.  During 
1900  the  following  discharge  measurements  were  made  by  W.  G. 
Russell: 

April  7:  Gage  height,  3.70  feet;  discharge,  57  second-feet. 
April  21:  Gage  height,  19.00  feet;  discharge,  2,8gl  second-feet. 
May  23:  Gtege  height,  5.90  feet;  discharge,  197  second-feet. 
October  4:  Gage  height,  5.00  feet;  discharge,  133  second-feet. 
October  30:  Gage  height,  3.90  feet;  discharge  55  second-feet. 
December  2:  Gage  height,  3.90  feet;  discharge,  52  second-feet. 
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Daily  gage  Jveight,  in  feet,  of  Saline  River  near  Salina,  Kansas,  for  1900, 


Day. 


1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

» 

23 

2i 

25 

26 

27 

28 

29 

30 

81 


Jan. 


3.9 
8.8 
8.7 
3.7 
8.5 
3.6 
3.5 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.8 

a9 

3.9 
3.8 
3.7 
3.6 
3.8 
S.S 
3.6 
3.7 
3.8 
3.7 
3.7 
3.3 
3.5 
8.5 
3.6 
3.6 


Feb. 


3. 
3. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 

a 

8. 
8. 
8. 
8. 
(a 
(a 
(a 
8. 
3. 
8. 
3. 
8. 
8. 
8. 
8. 
8. 
8. 


Mar. 

Apr. 

May. 
6.1 

Jane. 

4.0 

a  9 

a9 

8.9 

a8 

6.2 

a9 

8.4 

as 

6.5 

12.0 

4.2 

as 

6.8 

14.1 

4.2 

a  7 

6.4 

9.2 

8.9 

as 

6.1 

as 

4.1 

as 

5.8 

ai 

4.3 

as 

5.7 

a7 

6.0 

as 

5.7 

a  4 

10.1 

a  9 

a  6 

ai 

8.2 

a  8 

a  4 

ao 

6.5 

4.0 

7.0 

4.8 

6.1 

a  9 

6.2 

4.7 

5.5 

4.1 

5.8 

4.7 

4.9 

4.2 

a  4 

4.6 

4.6 

6.5 

11.5 

4.4 

4.3 

5.2 

10.2 

4.4 

4.1 

12.9 

a  5 

4.5 

4.0 

15.9 

7.3 

4.4 

3.9 

lao 

a  7 

4.2 

3.7 

19.2 

a  2 

4.5 

8.8 

15.1 

ao 

7.8 

8.8 

9.1 

a  7 

7.9 

4.0 

7.9 

5.5 

a  4 

8.9 

7.4 

a  5 

a  7 

8.9 

7.7 

12.5 

a  3 

as 

7.0 

11.8 

ao 

a  7 

6.9 

7.1 

4.8 

a  8 

6.6 

a  2 

4.8 

a  7 

6.2 

7.0 

4.5 

a  7 



ai 

1 

July. 


Aug. 


4.3 
4.9 

a  4 

4.7 
4.4 
4.2 
4.0 
4.0 

a  9 
a  7 

4.0 

a  7 

4.4 

4.0 

a  7 
a  7 
a5 
a  6 
a  6 
a  6 
a  5 
a  5 
a7 

19.0 
20.3 
17.5 
11.8 
7.1 

a  7 
a  5 
ai 


Sept. 


Oct. 


ao 

4.1 

ao 

a  7 

4.8 

a5 

4.5 

a  6 

4.5 

a  4 

4.4 

a  4 

4.3 

a  3 

4.3 

a  2 

4.1 

a  2 

as 

a  3 

4.0 

a  4 

a  9 

a  2 

as 

ao 

a  8 

4.2 

a  4 

a  6 

a  6 

4.4 

a6 

4.6 

a  5 

4.1 

a  4 

4.U 

a  2 

4.2 

a  2 

a  6 

ao 

a6 

ao 

a5 

a  3 

a6 

a  2 

as 

a  4 

12.8 

a2 

ao 

a  3 

a  4 

4.9 

4.8 

7.6 

4.5 

as 

4.1 

a9 
a7 
ao 

4.5 

a  9 
as 
a  7 
a  6 
a  6 
a  6 
a  4 
a  5 
a  5 
a  5 
a  5 
a  2 
a  5 
a5 
as 
as 
a9 

4.0 

a7 

4.9 

a  5 

4.0 

as 
as 
as 
a  7 


Nov.   Dec. 


4.3 

4.0 

a  9 
a7 
a  7 
as 
a  7 
a  7 
a5 
a  5 
a  7 
as 
a  6 
a? 
a  7 
a  6 
as 
a? 
as 
a  6 
as 
a  7 
a  7 
a  6 
a  9 

4.0 

as 
a7 
a: 
a  9 


8.9 
».9 
3.9 
8.9 
8.9 

a9 

8.9 
3.8 
8.8 

a  7 

4.0 
3.8 
3.9 

as 

8.8 

a7 

8.8 
8.9 

a  7 
a  6 

as 

8.8 

a9 

4.0 

a9 
as 
as 
a6 
a9 


a  Frozen. 


SMOKY  HILL   RIVER  AT  ELLSWORTH,    KANSAS. 

This  station  is  described  in  Water-Supply  Paper  No.  37,  page  251. 
On  October  22,  1900,  the  bench  mark  was  tested  and  found  to  be 
correct.  This  river  has  not  fluctuated  much  during  the  year.  There 
were  a  few  periods  of  high  water,  but  they  were  of  short  duration, 
and  the  river  quickly  resumed  its  normal  stage.  Results  of  measure- 
ments for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part 
IV,  page  225.  During  1900  the  following  measurements  were  made 
by  W.  G.  RusseU: 

April  9:  Gk^  height,  1.05  feet;  discharge,  d3  second-feet. 
Jane  19:  Gage  height,  1.70  feet;  discharge,  136  second-feet 
September  14:  Gage  height,  2.43  feet;  discbarge,  416  second-feet 
October  d2:  Gage  height,  1.30  feet;  discharge,  57  secpnd-feet 


KANSAS. 


317 


Ddily  gage  height,  in  feet,  of  Smoky  Hill  River  at  Ell8xoorth,  Kansas,  for  lyoo. 


Day. 

Jan. 

(a) 
(a) 

Feb. 

1.10 
1.10 

Mar. 

Apr. 

May. 

1.85 
1.85 

Jnne. 

July. 
1.90 

Aug.  Sept. ,  Oct. 

Nov. 

Li/OG* 

1 

(a) 

1.05 
1.06 

2.40 
2.40 

1.50 

1.00 
.95 

1.55 
1.50 

1.10 
1.10 

0.90 

2 

3.10     1.50 

.85 

3 

(a) 

1.10 

(a) 

1.10 

1.80 

2.20 

2.80     1.46 

.90 

1.60 

1.10 

.85 

4 

(a) 
1.25 

(a) 
(a) 

i.ao 

(a) 

1.10 
1.05 

1.70 
1.70 

2.00 
1.60 

2.10 
1.80 

1.40 
1.40 

.90 

.85 

1.50 
1.50 

1.10 
1.10 

.85 

5 

.90 

6 

1.25 

1.50 

\a) 

1.05 

1.65 

1.55 

1.60 

1.85 

.85 

1.70 

1.05 

.90 

i . ...... .................. 

1.2D 

i.ao 

1.50 

(a) 

(a) 
1.40 

1.05 
1.05 

1.66 
1.60 

1.55 
1.50 

1.56 
1.50 

1.80 
1.80 

.85 
.85 

1.6l> 
1.60 

1,05 
1.05 

.85 

8 

.86 

9 

1.25 

(a) 

1.75 

1.05 

1.60 

1.50 

1.50 

1.26 

.95 

1.65 

1.00 

.a5 

10 

1.20 

(a) 

1.85 

1.05 

1.60 

1.60 

1.40 

1.20 

1.00 

1.55 

1.00 

.86 

11 

1.20 

(a 

1.45 

1.10 

1.55 

1.65 

1.40 

1.20 

1.80 

1.30 

1.00 

.86 

12 

1.20 

(a) 

1.40 

1.20 

1.60 

1.55 

1.86 

1.15 

1.50 

1.50 

.95 

.86 

13 

1.15 

(a) 

1.85 

1.25 

l.oO 

1.50 

1.80 

1.10 

1.80 

1.46 

.05 

.85 

U 

1.15 

(a) 

1.80 

1.85 

1.50 

1.60 

1.80 

1.05 

1.70 

1.40 

.95 

.90 

15 

1  1.20 

(«) 

1.80 

1.45 

1.76 

1.60 

1.25 

1.00 

2.60 

1.40 

.90 

.90 

1« 

'  1.20 

W 

1.80 

1.50 

1.80 

1.45 

1.25 

1.00 

2.90 

1.36 

.90 

.90 

i: 

1.15 

(a) 

1.25 

1.90 

1.70 

1.50 

1.20 

1.00 

2.40 

1.80 

.90 

.00 

IH 

1.10 
1.10 
1.15 
1.15 

(a) 

(a) 
(a) 

1.25 
1.20 
1.20 
1.20 

1.80 
2.85 
2.00 
2.45 

1.70 
1.65 
1.60 
1.50 

1.66 
1.70 
1.90 
2.90 

1.16 
1.10 
1.80 
1.10 

.95 
.95 
.95 
.90 

2.00 
2.00 
1.90 
1.90 

1.80 
1.25 
1.20 
1.80 

.90 
.90 
.90 
.90 

.90 

19.. 

.90 

30 

.90 

21 

.90 

22 

1.10 

(a) 

1.15 

2.40 

1.50 

2.80 

1.10 

.90 

1.85 

.1.40 

.95 

.06 

SJ 

1.10 
1.10 

1.15 

(a) 

1.15 

2.20 

1.45 
1.46 

2.75 
2.70 

1.05 
1.70 

.90 

.  .85 

1.80 
1.70 

1.80 
1.25 

.95 
.95 

.96 

24 

1.10  1  2.10 

.95 

25 

1  1.A0 

(a) 

1.10     2.00 

1.40 

2.60 

1.40 

1.20 

1.60 

1.20 

.90 

.90 

a 

1.10 

(a) 

1.10     1.90 

8  00 

2.40 

1.80 

1.20 

1.70     1.20 

.90 

.90 

27 

1. 10 

1.15  ,  1.80 

2.00 

2.20 

1.85 

1.20 

1.70     1.15 

.90 

.90 

38 

1.10 

(a) 
(a) 
(") 

1.15 

1.75 

1.80 
1.60 
1.60 
1.50 

2.00 
1.90 
2.00 

1.25 
1.40 
1.60 
1.55 

1.16 
1.10 
1.05 
1.05 

1.66     1.15 

.90 
.90 
.90 

.90 

29 

1.10  ;  1.80 
1.10  1  1.75 
1.50    

1.60 
1.56 

1.15 
1.10 
1.10 

.90 

ao 
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a  Frozen. 
BLUE   RIVER   NEAR  MANHATTAN,    KANSAS. 

This  st^ition  is  described  in  Water-Supply  Paper  No.  37,  page  252. 
On  December  17,  1900,  the  gage  wire  and  weight  were  stolen,  and  a 
new  gage  was  established  at  the  same  elevation  as  the  old  gage.  Since 
September  18,  1900,  Elmer  Drake  has  been  the  observer  at  this  sta- 
tion, his  home  being  about  40  yards  from  the  gage.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  227.  During  1900  the  following  measurements 
were  made: 

Discharge  measurements  of  Blue  River  near  Manhattan,  Kansas, 


Date. 


1900. 

May  4 

May  22 

June 14 

Jane  25 


Gaffe  ;     Dis- 
belffht..  charge. 


meet. 
6.10 
6.00 
4.60 
4.50 


—  I 


Sec 


c.-ft. 

1,518 

1,389 

702 

723 


Date. 


1900. 

September  26 

October  24 

NoYember24 


Gaffe  '     Dis- 
helffot.   charffe. 


Sec-ft. 
1,842 
711 
570 
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Daily  gage  height,  in  feet^  of  Blue  River  near  Manhattan^  Kansas,  for  1900, 


Day. 

Jan. 

Feb. 

4.05 
8.95 
4.20 
4.06 
4.06 
4.16 
4.05 
8.70 
8.90 
4.20 
4.26 
4.10 
4.05 
4.25 
4.15 
4.36 
4.05 
4.15 
4.00 
4.05 
4.26 
4.30 
4.15 
•4.35 
4.55 
4.70 
4.65 
4.60 

1 

5.00 
4.60 
4.35 
4.86 
4.56 
4.36 
4.26 
4.20 
4.25 
4.25 
4.15 
4.26 
4.86 
4.36 
4.85 
4.26 
4.35 
4.a'> 
4.25 
4.15 
4.25 
4.26 
4.15 
4.25 
4.25 
4.16 
4.15 
8.40 
4.25 
4.10 
3.05 

2 

8 

4 

5 

6..  

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

20 

21 

22 

28 

24 

28 

28 

27 

28 

29 

80.. 

81 

Mar. 

Apr. 
4.80 

May. 

June. 

Jnly. 

An?. 

Sept. 

Oct. 

Nov. 

Deo. 

4.95 

7.65 

5.60 

6.16 

4.75 

6.70 

4.90 

5.40 

4.2& 

4.90 

4.40 

6.90 

5.90 

4.70 

4.95 

6.70 

5.20 

6.00 

4.20 

4.80 

4.25 

6.30 

6.10 

4.10 

4.66 

6.15 

5.06 

6.60 

4.20 

4.65 

4.05 

6.10 

6.60 

4.06 

4.60 

4.80 

4.70 

5.05 

4.15 

5.20 

4.15 

5.65 

5.15 

4.06 

4.86 

4.40 

5.80 

4.75 

4.1U 

6.15 

4.15 

5.65 

5.00 

8.06 

4.15 

4.15 

6.15 

4.45 

4.20 

7.25 

4.20 

7.90 

4.85 

8.85 

4.10 

4.30 

4.95 

4.40 

4.30 

10  85 

4.25 

18.00 

4.90 

8.85 

4.00 

4.15 

4.60 

4.40 

4.30 

10.80 

4.15 

12.85 

4.75 

8.80  !  4.10 

4.15 

4.45 

4.40 

4.30 

8.10 

4.20 

10.95 

4.65 

3.75  ,  4.00 

4.06 

4.85 

4.40 

4.30 

7.25 

4.20 

9.55 

4.55 

3.85     4.00 

4.05 

4.30 

4.40 

4.9(> 

6.60 

4.10 

8.75 

4.45 

6.10     4.00 

4.20 

4.25 

4.30 

4.a> 

6.05 

4.05 

8.10 

4.60 

4.00     4.80 

4.20 

4.20 

4.30 

4.a» 

5.60 

4.05 

7.25 

4.50 

4.15     4.35 

4.85 

4.20 

4.30 

4.ai» 

5.25 

4.15 

7.10 

5.75 

8.05     4.15 

0.55 

4.20 

4.30 

4.2r> 

5.10 

5.60 

10.60 

5.15 

10.00     4.65 

8.70 

4.20 

4  80 

4.2J» 

4.95 

5.30 

11.10 

4.95 

20.00     4.85 

8.55 

4.20 

4.80 

4-3i> 

4.75 

6.20 

8.65 

4.85 

18.80     4.60 

8.00 

4.20 

4.80 

4.2i» 

4.65 

7.10 

6.95 

6.15 

10.00     5.65 

7.30 

4.15 

4.80 

4.2r> 

4.65 

6.95 

6.50 

5.60 

9.15     6.30 

7.85 

4.10 

4.80 

4.20 

4.55 

6.30 

6.20 

4.80 

8.75     5.05 

8.10 

4.20 

4.30 

4.2[> 

4.60 

6.05 

5.95 

4.80 

7.90     5.75 

7.40 

4.40 

4.30 

4.20 

4.45 

5.50 

5.75 

4.70 

7.25     5.45 

6.65 

4.40 

4.20 

4.2[> 

4.40 

5.56 

5.50 

4.55 

9.96 

5.15 

6,80 

4.40 

4.30 

4.^ 

4.85 

6.70 

6.50 

4.30 

7.96 

5.36 

5.70 

4.40 

4,30 

4.3(> 

4.40 

7.96 

6.46 

4.35 

6.70 

5.30 

9.80 

4.40 

4.20 

4.25 

4.85 

9.65 

5.95 

4.20 

6.20 

5.10 

9.60 

4.40 

4.26 

4.2l> 

4.40 

8.60 

5.80 

4.20 

5.36 

4.75 

6.95 

4.45 

4.80 

4.10 

4.85 

7.20 

6.15 

4.30 

5.85 

5.75 

5.70 

4.60 

4.30 

4.10 

4.60 

9.06 

6.40 

6.30 

5.05 

6.55 

5.05 

4.70 

4.30 

4.45 

5.45 

4.70 

7.96 

4.70 

KANSAS  RIVER  AT  LECOMPTON,  KANSAS. 

This  station  is  described  in  Water-Supply  Paper  No.  37,  page  253. 
On  June  24,  1900,  a  new  gage  was  established,  the  old  gage  having 
been  broken.  The  present  gage,  a  pine  board  1  inch  by  1  inch  by  10 
feet  long,  divided  into  feet  and  tenths,  is  spiked  on  top  of  the  old 
gage,  and  is  at  the  same  elevation.  On  October  26,  1900,  a  bench 
mark  was  established  on  top  of  the  bottom  flange  of  the  iron  strut 
connecting  the  two  iron  cylinders  at  the  south  end  of  the  highway 
bridge  over  the  river.  The  bench  mark  is  at  the  west  end  of  the 
strut,  next  to  the  cylinder.  Its  elevation  is  12.19  feet  above  the  zero 
of  the  gage.  Records  of  discharge  during  1899  will  be  found  in 
Twenty-first  Annual  Report,  Part  IV,  page  228.  During  1900  the 
following  discharge  measurements  were  made  by  W.  G.  Russell: 

Discharge  measurements  of  Kansas  River  at  Leconipton,  Kansas. 


Date. 


Gage 

height. 


1900 

May  19 

May  21 

June  13 

Jnne^ 


Fett. 
6.20 
4.05 

a.:K) 

3.1(1 


Dis- 
charge. 


Sec.' 


ec.'ft. 

12,3R2 
7,060 
4.455 
4,3:« 


Date. 


Gage 
beiAt. 


Dis- 
height.  chari^. 


Octobers.. 

1900. 

October  26 

November  26 

Feet. 
4.70 
3.00 
2.90 


Sec -ft. 
6,0l» 
3,441 
4,436 
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Daily  gage  height y  in  feet,  of  Kanaaa  River  at  Lecompton,  Kansas,  for  1900, 


Day. 

Jan.  -  F«b. 

Mar.  Apr. 

May. 

Jane. 

1 
July.'  Aug. 

Sept.  Oct. 

Nov. 

^^OC« 

1 

2.40 
2.40 
2.80 
2.30 
2.30 
2.80 
2.80 
2.40 
2.60 
2.50 
2.00 
2.00 
2.00 
2.70 
2.70 
2.60 
2.00 
2.00 
2.50 
2.50 
2.60 
2.50 
2.40 
2.40 
2.40 
2.36 
2.80 
2.80 
2.80 
2.30 
2.30 

2.20 

2.20 
2.20 
2.80 
2.40 
2.45 
2.55 
2.00 
2.00 
2.00 
2.70 
2.70 
2.80 
2.80 
2.70 
2.70 
2.65 
2.00 
2.00 
2.50 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 

2.50 
2.00 
2.70 
2.85 
3.10 
8.70 
4.95 
7.35 
9.90 
10.20 
8.40 
7.25 
6.35 
5.90 
5.45 
4.90 
4.60 
4.50 
4.25 
4.06 
4.00 
8.90 
8.90 
8.80 
8.80 
8.75 
8.70 
a65 
8.00 
8.60 
8.00 

8.00 
3.00 
8.60 
3.50 
8.50 
8.40 
8.40 
3.00 
3.60 
3.00 
8.60 
3.50 
3.40 
8.40 
3.20 
3.80 
8.30 
3.65 
4.60 
4.70 
4.90 
6.60 
5.70 
5.60 
5.20 
4.96 
4.90 
4.90 
6.70 
5.56 

5.00 
6.00 
5.85 
4.95 
4.80 
4.55 
4.50 
4.45 
5.10 
0.50 
5.86 
6.45 
6.86 
5.80 
6.00 
5.00 
5.10 
6.35 
0.00 
5.20 
4.96 
4.80 
4.80 
4.70 
4.65 
4.00 
4.75 
4.85 
5.20 
5.75 
6.90 

5.00 
5.36 
5.10 
4.76 
4.55 
4.36 
4.15 
4.00 
4.00 
3.86 
3.66 
8.45 
8.30 
3.30 
3.25 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
8.10 
8.10 
3.10 
8.10 
8.00 
8.00 
8.00 
4.06 
4.86 

4.76 
4.70 
4.40 
4.20 
8.90 
8.56 
3.36 
8.25 
8.15 
8.00 
2.90 
2.80 
2.80 
2.95 
2.90 
2.90 
3.05 
8.40 
7.90 
5.75 
5.15 
5.00 
5.25 
5.60 
5.90 
5.45 
5.00 
6.00 
4.86 
4.60 
4.30 

8.90 
8.66 
8.40 

ao6 

8.00 
8.00 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.96 
8.36 
3.45 
3.30 
3.10 

ao5 

3.00 
3.15 
3.45 
8.55 
3.70 
8.70 
8.60 
3.50 
3.45 
8.36 
8.40 

8.75 
4.00 
8.96 
8.90 

6.16 
4.00 
4.75 
4.70 

4.20 
5.25 
4.65 
4.30 
4.20 
4.20 
4.15 
4.05 
4.00 
3.80 
4.05 
4.U0 
8.80 
3.75 
3.60 
3.50 
8.35 
3.40 
8.40 
8.40 
3.30 
8.25 
8.20 
8.15 
2.90 
2.90 
2.90 
2.90 
2.85 
2.80 

2.80 

4 

2.80 

3 

2.80 

4 

2.80 

5 

3.86 

4.45 

2.70 

6 

8.80 
3.70 
3.45 
8.25 
3.20 
3.20 
8.20 
8.10 
3.00 
3.15 
3.25 
5.80 
5.70 
5.56 
5.45 
5.30 
5.10 
4.65 
4.55 
4.65 
5.25 
6.20 
6.90 
7.50 
5.90 

4.40 
4.20 
4.15 
4.10 
4.0U 
4.00 
3.85 
3.70 
3.00 
3.00 
3.55 
3.50 
3.60 
8.40 
3.30 
3.80 
8.20 
8.20 
3.20 
3.10 
3.00 
2.96 
2.90 
2.90 
2.05 
3.50 

2.70 

I.....--...        ...... ...a-... 

Ji 

2.70 
2.70 

9 

2.70 

10 

2.70 

11 

2.70 

12 

2.70 

J3      .  .. 

2.00 

14 

2.60 

!.•> 

1« 

2.60 
2.60 

i: 

2.60 

H 

2.60 

19 

2.00 

3j 

2.60 

21 

2.60 

•w 

2.60 

23: 

2.00 

34 

25 

2.60 
2.60 

36 

2.60 

27 

2.60 

38 

2.60 

29 

30 

31 

2.00 

ARKANSAS  RIVER. 


This  river  and  its  tributaries  drain  practically  all  of  the  southwest- 
em  quarter  of  the  State  of  Colorado.  The  main  stream  heads  in  the 
vicinity  of  Tennessee  Pass,  in  the  central  portion  of  the  State.  Thence 
it  flows  southerly  for  about  70  miles,  then  easterly  for  about  50  miles, 
to  Canyon,  receiving  a  number  of  tributaries  from  the  mountainous 
area  on  either  side.  At  Canyon  it  suddenly  emerges  from  the  main 
mountainous  area,  and  thence  it  flows  in  an  easterly  direction  through 
Pueblo,  where  it  enters  the  great  plains  of  eastern  Colorado  and  Kan- 
sas. Within  200  miles  of  Canyon  practically  all  of  the  water  of  the 
river  is  diverted  for  irrigation,  even  most  of  the  flood  watei-s  being 
stored  and  used,  so  that  little  water,  except  at  the  very  highest  stages 
of  the  river,  flows  out  of  the  State  of  Colorado.  There  is  still,  how- 
ever, a  considerable  discharge  during  April  and  May,  which  was 
unusually  large  for  those  months  of  the  year  1900,  when,  owing  to 
the  heavy  rains  upon  the  plains,  the  discharge  of  the  stream  was 
abnormal,  and  vast  quantities  of  water  flowed  from  it  into  the  Gulf 
of  Mexico. 

The  tributOTies  are  of  two  classes:  (1)  Those  that  issue  from  the 
mountains,  which  have  a  perennial  flow,  and  (2)  those  which  drain 
the  great  plains,  receiving  water  only  during  rains  or  in  the  early 
spring.  Of  the  first  class  are  Lake  Creek,  Badger  Creek,  and  Grape 
Creek;  while  Fountain  Creek,  St.  Charies  River,  Huerfano  River, 
Apishapa  River,  and  Purgatory  River  receive  a  portion  of  their  supply 
from  the  plains  and  a  portion  from  the  mountains.     Of  the  second 
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class  are  such  water  courses  as  Horse  Creek,  Adobe  Creek,  Big  Sandy 
Creek,  Timpas  Creek,  and  many  others  of  lesser  note.  The  drainage 
from  the  plains  is  at  times  enormous,  but  usually  the  water  courses  of 
that  district  are  dry.  The  flood  discharge  from  some  of  these  creeks 
has  been  estimated  to  be  at  least  10,000  cubic  feet  per  second.  Of 
the  streams  which  head  in  the  mountains  but  flow  for  long  distances 
through  the  plains,  the  normal  discharge  is  invariably  used  for  irri- 
gation, no  water  being  discharged  into  the  Arkansas  except  during 
flood  seasons.  Considerable  water  is  being  stored  along  the  Arkansas, 
in  the  reservoirs  of  The  Great  Plains  Water  Company,  also  at  Twin 
Lakes,  while  other  reservoirs  of  importance  but  of  smaller  size  are 
filled  during  the  flood  season.  More  water  might,  however,  be  stored 
by  building  canals  large  enough  to  receive  that  from  the  plains  and 
conduct  it  to  reservoirs. 

A  number  of  gaging  stations  have  been  maintained  along  the 
Arkansas  and  its  tributaries,  which  will  be  described  on  the  following 
pages  in  their  geographic  order.  Those  along  the  Lower  Arkansas  in 
Colorado  were  maintained  with  the  assistance  and  cooperation  of  The 
Oreat  Plains  Water  Company,  one  of  the  engineers  of  which,  Mr.  C.  W. 
Eeach,  has  made  a  number  of  measurements. 

The  seepage  of  the  Arkansas  Basin  furnishes  an  interesting  prob- 
lem, which  is  being  investigated  by  Prof.  L.  G.  Carpenter,  of  the  Colo- 
rado State  Agricultural  College,  at  Fort  Collins.  A  study  has  also 
been  made  of  the  underground  supply,  the  results  of  which  have  been 
published  in  the  records  of  the  United  States  Geological  Survey.' 

During  the  year  1900  about  30,000  acre-feet  of  water  was  stored  in 
the  reservoirs  of  The  Great  Plains  Water  Company,  and  the  dam  at  the 
Twin  Lakes  reservoir  was  completed,  permitting  the  use,  during  the 
latter  part  of  the  irrigation  season,  of  these  lakes,  to  the  great  benefit 
of  crops  lying  under  the  canal  of  the  Twin  Lakes  Land  and  Water 
Company. 

LAKE  CREEK  AT  TWIN  LAKES,  COLORADO. 

This  creek  enters  the  Arkansas  a  short  distance  above  Granite, 
Colorado.  It  is  not  a  large  stream,  but  it  is  of  importance  because  it 
flows  through  Twin  Lakes,  which  have  been  adapted  as  reservoirs 
by  the  Twin  Lakes  Land  and  Water  Company.  Measurements  of 
this  creek  were  begun  June  21,  1899,  by  O.  O.  McReynolds,  chief 
engineer  of  the  Twin  Lakes  Land  and  Water  Company,  who  at  that 
time  had  charge  of  the  work  on  the  dam,  and  records  were  kept  for 
a  short  time  during  that  summer  and  again  during  the  summer  of 
1900.  In  July,  1900,  the  stations  were  relocated  and  put  upon  a 
somewhat  more  permanent  basis,  one  station  being  established  July 
10,  at  a  point  where  the  stream  discharges  from  the  upper  lake,  the 
gage  rod  being  fastened  to  a  fish  way  constructed  several  years  before. 

>  Sixteenth  Ann.  Rept.,  Pt.  II,  pp.  535-688. 
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The  measurements  were  made  by  wading.  The  channel  at  this  upper 
station,  known  as  the  Interlaken  station,  is  permanent  and  of  such 
a  character  that  excellent  results  were  obtained,  but  the  station  can 
not  be  maintained  in  1901,  as  the  storage  of  water  in  the  reservoirs 
will  flood  the  locality  to  such  an  extent  that  it  will  be  impossible  to 
make  measurements.  The  lower  Twin  Lakes  station  was  established 
July  16,  1900,  by  O.  O.  McReynolds,  at  a  footbridge  constructed 
across  the  channel  below  the  point  where  the  artificial  waterway  from 
the  lower  lake  enters  the  natural  channel,  the  gage  being  fastened  to 
one  of  the  supports  of  the  footbridge.  The  channel  is  rocky,  but  is 
fairly  permanent  in  nature,  the  banks  being  high  and  not  subject  to 
overflow.  The  object  of  establishing  the  two  stations  was  to  ascertain 
the  amount  of  storage  water  turned  out  from  the  lower  lake  by  the 
water  company,  in  order  to  determine  the  quantity  of  water  the  com- 
pany would  be  entitled  to  at  its  head  gate  below.  The  records  were 
kept  by  O.  O.  McReynolds. 

In  addition  to  the  measurements  made  at  the  stations  on  Twin  Lakes, 
one  measurement  was  made  at  Granite,  below  the  mouth  of  Lake 
Creek,  namely,  on  July  9,  when  the  disch^^rge  was  found  to  be  570 
second-feet.  During  1900  no  station  was  regularly  maintained  at 
Granite. 

A  description  of  the  stations  first  established  was  published  in 
Water-Supply  Paper  No.  37,  page  256.  The  results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  238.  During  1900  the  following  measurements  were  made  by 
A.  L.  Fellows,  O.  O.  McReynolds,  and  C.  W.  Beach: 


Discharge  measurements  at  Twin  Lakes,  Colorado, 


New  ( Interlaken)  station,  at  head  of  channel 


between  lakes. 


Date. 


Gaee  I      Dis- 


tsre 
ifht. 


heif^Dt.   charge. 


1900. 

JnlylO 

July  lb  

Aafmst3 

September  4 


Feet. 
0.86 

Secft.  ■ 
248 

.50 

122 

.26 

52 

.15 

25 

New  station  at  junction  of  old  channel  and 
new  cut  below  lower  lake. 


Old  station  at  bridge  between  lakes. 


July  9  . 
July  16 


Date. 


1900. 


Qase        Dis- 
height.  charge. 


Sec.-ft 
203 
146 


Old  station  at  head  of  old  channel  below  lower 

lake. 


Date. 


I  Gage        Dis- 


1900. 

July  16 

Jnlyl« 

Do'.V.'.y.'.V.'. 

August  11 

September  4 


UdKUK. 

V.1XC»A|^0. 

Feet. 

Sec.-ft. 

2.40 

245 

2.85 

210 

2.50 

260 

1.97 

118 

2.13 

156 

1.30 

25 

Date. 

Gaee 
heignt. 

Dis- 
charge. 

July  10  . . 

1900. 

Feet. 
2.60 

Sic-/t. 
193 
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Daily  gage  height  ^  infect,  of  Lake  Creek  at  new  (Interlaken)  station  betiveen  Timn 

Lakes,  Colorado,  for  1900, 


1 

Day.       July. 

Aug. 

Sept. 

Day. 
i  12 

July. 

Aug. 

Sept. 

Day. 

July. 

Aug. 

1 
1 1 

0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.25 
.25 
.25 

0.20 
.20 
.20 
.2.) 
.20 
.20 
.20 
.20 

0.23 
.20 
.20 
.20 
.30 
.20 
.20 
.20 
.3f) 
.20 
.20 

,  23 

24 

1  25 

26 

27 

1  28 

'  29 

30 

31 

0.45 
.40 
.40 
.40 
.40 
.36 
.35 
.35 
.33 

0.20 
.31) 
.30 
.20 
.20 
.20 
.20 
.20 
.20 

2.:.:...! 

,  13 

3 1 

'  u::.... 

4.::.:::'...  .... 

15 

5 1 

16 

6 

17 

7 1 

18 

8 , 

19 

9 1 

,  20 

10 

21 

11 ' 

23 

0.45 

1 

1 

Sept. 


Daily  gage  height,  in  feet,  of  Lake  Creek  at  new  station  beloiv  loioer  of  Twin  Lakes^ 

Colorado,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

1 

1.60 
1.80 
1.60 
l.tJO 
1.60 
1.60 
1.91 
2.23 
2.18 
2.18 
2.18 

1.40 

O                     1 

1.40 

3 

1.40 

4 

1.40 

5 

1.40 

6 

1.40 

7 

1.40 

8 

1.40 

9 

10 

11 

........ 

Day. 

July. 

12 

13 ' 

14 , 

15 

16 

17 

18 

19 

30 

21 

22 

3.40 

Aug. 

Sept. 

Day. 

1 1 
2.14    i   '£i 

2.10    24 

2.10 

1,  25 

2.10 

i   26 

2.10 

1  37 

2.10 

1   28 

2.10 

29 

2.10 

!  30 

2.10 

i  31 

2.10 

2.10 



1 

July. 


Aug.   '   Sept 


2.40 

2.10 

2.40 

3.10 

2.35 

2.10 

2.35 

2.10 

1.82 

2.10 

1.76 

1.49 

1.73 

1.45 

1.73 

1.45 

1.67 

1.45 

ARKANSAS   RIVER  AT   SALIDA,   COLORADO. 

This  Station  is  located  at  the  footbridge  near  the  railroad  shops  at 
Salida,  Colorado.  It  was  established  April  11,  1895,  and  has  been 
maintained  during  a  portion  of  each  year  since.  The  gage  rod,  a  verti- 
cal timber,  is  fastened  to  the  north  side  of  the  footbridge,  but  con- 
siderable diflBLCulty  has  been  experienced  by  its  being  knocked  out  by 
ice  and  by  logs  during  high  water,  three  new  rods  being  necessary  in 
1900.  The  banks  are  high  and  do  not  overflow.  The  bed  of  the 
stream  consists  of  sand,  gravel,  and  bowlders.  Two  large  bowlders 
interfere  to  a  great  extent  with  the  accuracy  of  the  results.  As  the 
station  is  an  important  one,  these  bowlders  should  be  removed,  so  as 
to  improve  the  character  of  the  channel,  and  thus  render  the  results 
of  measurements  more  reliable.  A  durable  gage  rod  could  be  con- 
structed on  the  left  bank  of  the  stream  by  laying  a  heavy  timber  in 
an  inclined  position.  The  stream  is  very  swift  at  this  point,  but  the 
channel  is  straight,  and  the  discharge  can  readily  be  measured  from 
the  footbridge.  Little  water  is  used  above  Salida,  and  none  is  used 
below  that  place  until  Canyon  is  reached.  The  observer  is  William 
Furniss,  Avho  has  kei)t  the  records  for  the  last  two  years,  the  gage 
heights  being  sent  to  the  local  forecast  official  of  the  Weather  Bureau 
at  Denver,  who  has  had  them  published  in  the  morning  papers. 

A  brief  description  of  this  station  was  published  in  Water-Supply 
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Pai)er  No.  37,  page  258.  The  results  of  measurements  for  1899  will 
be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  230.  Dur- 
ing 1900  the  following  measurements  were  made  by  A.  L.  Fellows: 

Anghst  8:  Gage  height,  1.08  feet;  discharge,  443  second-feet. 
August  22:  Gage  height,  0.88  foot;  discharge,  364  second-feet. 
March  15:  Gage  height,  0.90  foot:  discharge,  271  second-feet. 
June  14:  Gage  height,  4.30  feet;  discharge,  3,036  second-feet. 

Daily  gage  height,  in  feet ,  of  Arkansas  River  at  Salida,  Colorado,  for  1900, 


Day 


Apr. 


1 

0.40 

4 

.40 

3 

.80 

4 

.90 

5 .' 

.90 

6 

.40 

7 

.50 

8 

.40 

9 

.40 

10 

.40 

11 

.:i5 

12 

.30 

i:i 

.30 

u 

.30 

15 

.30 

1« ^. 

.30 

17 

.30 

18 

.ao 

19 

.35 

30 

21 _ 

.55 

■  .00 

22 

.70 

23 

.85 

31 

.80 

25 

.80 

3tt 

.80 

27 

.70 

28 

.70 

29 

.95 

30 

1.10 

31 

May. 


June.  •  July.  '  Am^. 


0.95 
1.25 
1.45 
1.55 
1.80 
1.90 
2.00 
2.00 
2.15 
2.45 
2.60 
2.60 
2.1B0 
2.70 
2.60 
2.60 
2.60 
60 
70 
,00 
10 
00 
3.20 
3.60 
3.80 
4.10 


2. 
3. 
3. 
3. 


4. 
4. 
4. 

4. 
5. 


20 
30 
50 
60 

00 


5.00 
4.60 
4.40 
4.10 
3.75 
3.75 
4.10 
4.45 
4.65 
4.40 
3.40 
2.80 
2.80 
3.00 
2.75 
2.80 
2.80 
2.65 
2.55 
2.35 
2.50 
2.80 
2.80 
3.10 
2.80 
2.65 

i.a5 

2.00 
2.00 
1.85 


1.90 
2.00 
1.85 
1.65 
1.85 
1.90 
1.60 
1.50 
1.25 
1.20 
1.20 
1.10 
1.10 
1.20 
1.05 
1.15 
1.20 
1.20 
1.35 
1.40 
1.30 
1.30 
1.30 
1.40 
1.35 
1.30 
1.30 
1.15 
1.10 
1.00 
1.00 


0.95 
.90 
.90 
.90 
.90 
.90 
.90 
1.00 
1.00 
1.05 
1.10 
1.00 
1.00 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.70 


I 


Sept. 


0.70 
.70 
.70 
.70 
.70 
.70 
.76 
.85 
.90 
.90 

1.00 
.90 
.90 
.90 
.a5 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


Oct. 


0.80 
.80 
.80 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.55 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.45 
.40 
.40 


ARKANSAS   RIVER  NEAR   CANYON,  COLORADO. 

This  station  is  located  at  the  Hot  Springs  Hotel,  1^  miles  west 
of  Canyon  and  a  short  distance  below  the  mouth  of  Grape  Creek.  It 
was  established  in  1889,  and  records  have  been  kept  since  that  time, 
thus  furnishing  most  valuable  data  of  the  discharge  of  the  river. 
The  station  is  of  special  importance,  being  located  at  the  mouth  of 
the  canyon  and  at  a  point  practically  above  all  of  the  iiTigation 
ditches,  except  the  Canyon  City  ditch  (sometimes  called  the  North 
Side  ditch)  and  the  South  Canyon  ditch  (sometimes  called  the  South 
Side  ditch),  both  of  which  head  above  the  station.  During  the  irri- 
gation season  each  of  these  ditches  carries  from  25  to  60  cubic  feet  of 
water  per  second,  according  to  the  needs  of  the  irrigators,  and  their 
discharge  should  be  added  to  the  discliarge  at  the  station  in  order  to 
obtain  the  total  run-off  at  the  mouth  of  the  canyon.  The  gage  rod  is 
an  inclined  timber  fastened  to  the  north  end  of  the  suspension  bridge 
belonging  to  the  Hot  Springs  Hotel.  The  channel  is  straight  for  a 
long  distance,  and  being  lined  with   boAvlders  it  does  not  readily 
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change,  thus  furnishing  an  opportunity  to  obtain  fairly  accurate 
results.  The  observer  is  G.  A.  Prentiss,  manager  of  the  Hot  Springs 
Hotel.  During  1900  the  following  measurements  were  made  of  the 
two  ditches  mentioned : 

Discharge  measurements  of  Canyon  City  and  South  Canyon  ditches. 


Date. 

* 

Canyon 

City 

ditch. 

South 

Canyon 

ditch. 

March  14 

1900. 

Sec.-/t 
8 

68 
56 

Sec.-ft. 
21 

June  14 

50 

July  20 

51 

Seuteniber  H -     . .  .  -   

31 

A  description  of  this  station  was  published  in  Water-Supply  Paper 
No.  37,  page  258.  The  results  of  measurements  for  1899  will  be  found 
in  the  Twenty-first  Annual  Report,  Part  IV,  page  231.  During  1900 
the  following  measurements  lyere  made  by  A.  L.  Fellows  and  R.  W. 
Hawley: 

March  14:  G-age  height,  3.85  feet;  discharge,  408  second-feet. 
June  14:  Gage  height,  5.50  feet;  discharge,  8,235  second-feet. 
July  20:  Gage  height,  2.85  feet;  discharge,  570  second-feet. 
September  8:  G^e  height,  2.10  feet;  discbarge,  229  second-feet. 
September  12:  Gage  height,  2.10  feet;  discharge,  205  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  River  near  Canyon,  Colorado,  for  1900, 


Day. 

1 
Jnn.    Feb. 

! 

Mar. 

1 
Apr.  May. 

2.90     3.45 

.Tune. 

July. 

Aug. 
2.40 

Sept. 

Oct. 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.20 
2.20 
2.25 
2.30 
2.35 
2.85 
2.40 
2.40 
2.35 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 

Nov. 

2.10, 

2.10^ 

2.10 

2.20 

2.90 

2.30 

2.30 

2.80 

2.25 

2.20 

2.25 

2.20 

2.20 

2.20 

2.20 

2.20 

2.26 

2.80 

2.80 

2.30 

2.30 

2.80 

2.30 

2.40 

2.40 

2.40 

2.60 

2.50 

2.50 

2.  SO 

Dec. 

1  

6.65 
6.60 
6.45 
6.30 
6.25 
6.20 
6.35 
6.50 
6.40 
6.35 
6.15 
5.65 
5.76 
5.65 
5.60 
5.40 
5.50 
6.45 
5.45 
5.35 
5.30 
5.  .35 
5.a5 

4.45 

2.10 
2. 15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.(i5 
2.15 
2.10 
2.00 
2.10 

[     2  50 

2  ' '  

3.00 
3.00 
3.00 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 
3.20 
3.20 
8.20 
3.30 
3.45 
3.50 
3.50 
3.40 
3.40 
3.30 
3.30 
8.20 
3.20 
3.45 
3.65 

3.40 
3.80 
3.30 
3.40 
3.40 
3.50 
3.60 
3.70 
3.90 
4.05 
4.45 
4.50 
4.45 
4.40 
4.33 
4.45 
4.85 
4.90 
5.05 
4.95 
4.80 
4.90 
4.90 
5.^ 
5.60 
5.95 
6.25 
6.65 
6.45 
6.65 

4.25 
4.20 
4.15 
3.85 
3.80 
3.70 
3.45 
3.75 
3.90 
3.45 
3.45^ 
3.45 
3.35 
3.20 
3.30 
3.20 
3.(10 

2.35 
2.40 
2.35 
2.80 
2.50 
2.45 
2.45 
2.55 
2.80 
2.55 
2.40 
2.45 
2.55 
2.40 
2.30 
2.20 
2.15 

2  50 

3! 1 2.50     2.70 

4  

2.50 
2  40 

5 

2  40 

6 j  2.60 

7 

2,40 
2.40 

■ . ......  _..... ...... ......  1 

ij      1 

2  40 

9 

2.40 

10 

2.00 

. . 

2.80 

2  40 

11  

2  40 

12.""."".'. .".II .'." 

2.5U 

13 2.eo 

2  40 

u 

2.40 

16 

2.80 

16 

2.30 

17 

2.60 

2.80 

2.40 

18 

2.40 

19 

3.00  !  2.15 

2.40 

30 

21 

2.60 

2.95 
2.90 

2.85 
2.80 

2.10 
2.20 
2.20 
2.20 
2.  l.«i 

2.40 
2.40 

23 • 

23 

2.50 
2.50 

24 

2.60 

2.80 

5.55  1  3.00 

2.40 

25 

5. 65  i  2. 85     2. 15 

2.30 

26 

5.25     2.85 

2.25 

2.20 
2.20 
2.15 
2.10 
2.15 

2.30 

27 

28 

2.60 

5.05 
5.05 
4.60 
4.55 

2.90 
2.80 
2.65 
2.55 
2.a5 

2.30 
2.40 

29 

2.40 

80 

--..-- 

2.40 

31 

2.90 

2.40 

1 
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ARKANSAS  mVER  AT  PUEBLO,    COLORADO. 

This  Station,  which  was  established  in  September,  1894,  is  located  at 
the  Union  avenue  bridge  in  the  city  of  Pueblo.  Until  March,  1900, 
the  gage  rod  was  a  2-inch  by  6-inch  plank  bolted  to  the  masonry  wall 
at  the  south  end  of  the  Main  street  bridge,  but  owing  to  the  scouring 
of  the  channel  it  became  necessary  to  replace  the  gage  by  one  about 
69  feet  below  the  south  end  of  the  Union  avenue  bridge.  Discharge 
measurements,  however,  are  still  made  at  the  Main  street  bridge. 
The  channel  at  this  point  is  excellent,  and  it  would  be  of  very  great 
value  to  the  entire  division  to  have  a  permanent  station  of  concrete 
established  here.  The  channel,  which  is  of  bowlders  and  gravel,  is 
confined  by  high  masonry  walls,  so  that  there  is  little  change,  except 
that  it  fills  during  low  water  and  scours  out  during  high  water. 
The  flow  of  the  stream  is  rapid,  but  not  too  swift  for  accurate  meas- 
urements. This  station  is  an  important  one,  being  located  near  the 
head  of  the  principal  irrigation  portion  of  the  valley,  only  one  ditch  of 
importance  being  taken  out  above  it  in  the  Pueblo  district,  although 
considerable  water  is  used  in  the  ditches  in  the  neighborhood  of  Can- 
yon, which  is  in  another  water  district.  It  is  upon  the  gagings  made 
at  this  point  that  the  water  superintendents  and  commissioners  depend 
for  distribution  of  water  to  ditches  below.  The  present  gage  rod  is 
a  2-inch  by  6-inch  vertical  timber,  bolted,  like  the  former  rod,  to  the 
masonry  wall  and  marked  in  feet  and  tenths.  On  June  13,  1900,  the 
gage  rod  was  connected  with  a  bench  mark  on  the  coping  at  the  north- 
west corner  of  the  Union  avenue  bridge,  which  was  found  to  be  19.79 
feet  above  the  zero  of  the  rod.  The  gage  readings  during  1900  have 
been  made  by  T.  J.  Burrows,  water  commissioner  of  the  Pueblo  water 
district. 

Gage  heights  at  this  station  during  1899  were  published  in  Water- 
Supply  Paper  No.  37,  page  259.  The  results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  232. 
During  1900  the  following  measurements  were  made  by  A.  L.  Fellows, 
C.  W.  Beach,  and  R.  W.  Hawley: 

Discharge  measurements  of  Arkansas  River  at  Pueblo,  Colorado, 


Date. 


1900. 

March  3 

March  16 

April  8 

April  12 

A{ay21 

June  13 


Gage 
height. 

Dis- 
charge. . 

Feet. 

Sec.-ft 

2.17 

498 

2.05 

435  ' 

2.34 

675  1 

2.15 

608  ' 

5.70 

5,072 

5.10 

3,968 

Date. 


Gage 
.height. 


1900. 

July  17 

July21 

Septembers 

Septembers 

September  7 

September  25 


Dis- 
charge. 


Sec-ft. 
751 
583 
15!) 
191 
174 
346 


IRR  50—01- 


-3 
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Dail^  gage  height,  in  feet,  of  Arkansas  River  at  Pueblo,  Colorado,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

2 

8 

4 

2.00 
2.00 
2.05 
2.20 
2.10 
1.95 
1.96 
1.95 
1.90 
1.85 
1.86 
1.86 
1.85 
1.90 
1.95 
2.00 
1.95 
1.90 
1.75 
1.85 
1.90 
1.95 
1.90 
1.90 
1.75 
1.80 
1.75 
1.80 
1.90 
1.80 
1.85 

1.90 
1.85 
1.90 
1.85 
1.80 
1.80 
1.90 
1.60 
1.60 
1.85 
1.90 
1.95 
1.90 
1.96 
1.95 
1.95 
1.90 
1.95 
2.05 
2.20 
2.15 
2.00 
2. 05 
2.05 
2.00 
1.90 
2.00 
1.95 

1.75 
1.80 
1.85 

2.a) 

1.95 
1.95 
1.80 
1.80 
1.75 
1.76 
1.80 
1.90 
2.00 
2.15 
2.10 
2.00 
1.95 
2.00 
2.00 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.60 
1.60 

1.60 
1.66 
1.60 
1.50 
4.55 
2.60 
2.40 
2.40 
2.40 
2.45 
2.25 
2.20 
2.20 
2.20 
2.75 
1.95 
2.30 
2.40 
2.40 
2.45 
2.85 
3.00 
2.95 
2.75 
2.65 
2.65 
2.50 
2.75 
3.85 
4.25 

3.75 
3.55 
3.50 
3.40 
3.40 
3.80 
3.80 
8.80 
3.80 
4.10 
4.25 
4.50 
4.40 
4.25 
4.10 
3.95 
4.00 
4.30 
4.80 
5.90 
5.45 
4.80 
4.70 
4.90 
6.20 
6.20 
5.20 
5.50 
6.00 
6.60 
6.20 

6.65 
6.75 
6.10 
6.20 
6.45 
5.60 
5.50 
5.95 
6.00 

3.75 
3.55 
8.35 
3.80 
8.26 
3.10 
2.95 
2.90 

2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.76 
1.90 
2.10 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.60 
1.45 
1.40 
1.40 

1.80 
1.40 
1.40 
1.40 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
2.00 
1.60 
1.60 
1.60 
L60 
L60 
1.55 
1.50 
1.60 
1.40 
1.68 
1.61 
1.55 
1.60 
1.60 
1.60 
1.65 
1.70 
1.70 
1.70 

1.60    1.85 
1.60     1.90 
1.60     1.90 
1.00     1.90 
1.62     1.06 
1.60  1  1.95 
1.60  1  1.90 
1.65     1.90 
1.62     1.90 
1.62  !  1.90 
1.70  1  1.90 
1.70  i  1.90 
1.70  1  1.90 
1.70  ,  1.90 
1.70  1  1.90 
1.80     1.90 
1.90     1.90 
1.90    2.00 
1.90    2.00 
1.80    2.00 
1.80  <  2.00 
1.80    2.00 
1.80     2.00 
1.80  ,  2.00 
1.80    2.00 
1.80    2.00 
1.80  1  2.10 
1.80    2.10 
1.80  '  2.10 
1.80    2.00 
1.85   

1 

1.90 
1.90 
1.90 
\3) 

5 

1.90 

6 

7 

1.90 
L90 

8 

9 

1.90 
1.90 

10 

5.80    2.95 
6.60     2.65 

1.90 

11 

1.90 

12 

5.15 
5.10 
5.00 
6.10 
4.90 
6.00 
4.90 
4.70 
4.75 
4.70 
4.70 
4.85 
4.80 
5.05 

2.90 
2.85 
2.70 
2.7U 
2.70 
2.66 
2.45 
2.40 
2.40 
2.30 
2.80 
2.30 
3.00 
8.50 

L90 

13 

1.90 

14 

1  90 

15 

1.90 

16. 

1.90 

17 

l.fiO 

18 

19 

20 

1.90 
1.90 
1.70 

21 

1.90 

22 

1-80 

23 

1.80 

1.80 

25 

1.80 

28 

27 

4.45  1  2.20 
4.45  ,  2.20 
4.10  .  2.00 
3.95  1  1.75 
3.85  1  2.15 
\  2.15 

1.90 

1.80 

1.80 

20 

1.91 

1?:::;::::::::::::::::::::: 

1.90 
1.90 

ARKANSAS  RIVER  NEAR  NEPE8TA,  COLORADO. 

This  station,  which  is  located  at  the  wagon  bridge  a  short  distance 
above  the  town  of  Nepesta,  is  maintained  by  The  Great  Plains  Water 
Company.  It  was  established  September  8, 1897,  and  has  been  main- 
tained during  the  irrigation  seasons  of  1898,  1899,  and  1900.  The 
gage  rod  consists  of  a  vertical  timber  securely  fastened  to  the  upstream 
cylinder  of  the  bridge,  on  the  left  side  of  the  river,  readings  at  low 
water  being  made  by  means  of  a  small  temporary  gage  on  the  right- 
hand  side.  The  channel  above  and  below  the  station  is  straight  for 
several  hundred  feet.  The  bed  is  sandj-  and  shifting,  so  that  the 
results  are  not  altogether  satisfactory  for  the  purpose  of  making  a 
rating  table.  The  observer  is  J.  A.  Braun,  railway  station  agent  at 
Nepesta.  A  brief  description  of  this  station  was  published  in  Water- 
Supply  Paper  No.  37,  page  260.  The  results  of  measurements  for  1898 
and  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  TV, 
page  233.  During  1900  the  following  measurements  were  made  by 
C.  W.  Beach  and  R.  W.  Hawley: 

April  12:  Gage  height,  4.80  feet;  discharge,  1,101  second-feet. 
October  8:  Gtoge  height,  8.70  feet;  discharge,  146  second-feet. 
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Daily  gage  height^  in  feet,  c 

if  Arkansas  River  near  Nepesta,  Colorado^  for . 

1900. 

Day. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

a6.4 
a6.4 
6.4 
6.1 
6.0 
6.4 
6.5 
6.5 
6.4 
6.7 
7.0 
7.4 
7.0 
6.7 
6.8 
6.5 
6.3 
6.5 
6.5 
7.0 
9.0 
7.5 
7.4 
7.0 
6.8 
7.0 
7.1 
7.3 
7.7 
8.1 
7.5 

7.2 
7.6 
8.0 
7.8 
7.1 
7.0 
7.0 
7.0 
6.8 
7.0 
6.9 
6.8 
6.6 
6.5 
6.5 
6.5 
6.5 
6.8 
6.4 
6.2 
6.3 
6.4 
6.5 
6.6 
6.6 
6.4 
6.3 
6.2 
6.1 
5.9 

5.7 
5.5 
5.8 
5.2 
5.1 
4.9 
4.7 
4.7 
4.6 
4.7 
4.6 
4.5 
4.6 
4.5 
4.4 
4.3 
4.2 
4.1 
4.0 
3.9 
3.9 
3.8 
3.8 
4.1 
5.5 
5.0 
4.9 
4.2 
4.1 
4.9 
416 

4.5 
4.4 
4.2 
4.2 
4.1 
8.9 
8.7 
8.7 
8.9 
4.0 
8.8 
8.5 
8.5 
3.5 
8.5 
3.5 
8.3 
8.8 
8.1 
8.2 
3.0 
3.1 
3.1 
8.1 
8.1 
2.9 
2.9 
8.0 
8.0 
8.0 
8.1 

3.4 
8.3 
3.3 
8.1 
8.1 
8.2 
3.2 
3.8 
2.9 
3.0 
3.0 
8.1 
8.6 
8.5 
8.4 
2.9 
3.2 
3.4 
3.4 
3.8 
3.5 
3.1 
3.1 
3.5 
8.6 
3.6 
8.2 
8.8 
3.4 
3.8 

8.7 
8.7 
8.7 
8.7 
8.5 
8.5 
3.6 
8.7 
3.7 
8.8 
3.7 
8.6 
3.5 
8.6 
3.7 
8.9 
3.9 
4.0 
4.0 
8.9 
3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
3.9 
3.7 
4.0 
3.9 
8.9 

3.9 
8.9 
3.9 
8.9 
4.0 
8.8 
8.7 

8.9 

2 

3 

4 

5 

6 

m 

1.. .......................... ....... 

8 

8.7  1 

9 

8.6    r 

ir> 

3.3 
3.4 
8.4 



11 

li 

13 

8.9  1        

14 

8.8  ' 

1.5 

4.0  1 

16 

3.9  1 

17 

4.1 

\^ 

4.1    

4.1  ,        

a) 

4.0    . 

4.0     

22 

4.0   

8.9   

24 

3.9    

3.9    

* 

3.9 
3.9 
4.0 
4.0 
4.0 

28 

m 

I 

1 

a  Estimated. 
ARKANSAS  RIVER  NEAR  ROCKYFORD,    COLORADO. 

This  station  is  located  about  2  miles  northeast  of  Rockyford,  at  a 
wagon  bridge  crossing  the  river.  It  was  established  May  3,  1897,  by 
S.  W.  Cressy,  water  commissioner  of  that  district.  Mr.  Cressy  main- 
tained the  station  as  long  as  he  remained  in  charge  of  the  office,  but 
since  then  no  reports  have  been  received.  The  last  report  is  dated 
April  7,  1900.  The  river  is  straight  for  a  distance  above  and  below 
the  bridge,  but  the  bed  is  very  sandy,  and  changes  radically  at  differ- 
ent stages  of  the  water,  so  that  the  results  obtained  from  any  single 
rating  table  should  be  considered  approximate.  A  better  location  for 
the  station  is  at  the  ford  about  3  miles  above.  A  brief  description  of 
the  station  was  published  in  Water-Supply  Paper  No.  37,  page  261. 
Results  for  1897  and  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  234.  The  figures  for  1898  were  published  in  the 
Nineteenth  Annual  Report,  Part  IV,  page  338. 

DaHy  gage  height,   in  feet,  of  Arkansas  River  near  Rockyford,  Colorado,  for 

1900, 


Day. 

Jan. 

Feb. 

1 

Mar.  Apr. 

1 

Day. 

Jan.  (  Feb. 

Mar. 

Apr. 

Day. 

Jan. 

1.00 
1.00 
1.07 
1.13 
1.15 
1.20 
1.25 
1.30 
1.30 

Feb. 

Mar. 

Apr. 

1 

1.28 

1.28 

1.25 

1.28 

1.30 

1.23 

1.28 

1.80 

1.25 

(a) 

(a) 

1.18 
1.20 
1.04 
1.12 
1.22 
1.25 
1.25 
1.18 
1.10 
1.10 
1.05 

1.19 
1.20 
1.20 
1.20 
2.75 
3.95 
8.30 

12 

(a) 

1.20 
1.20 
1.20 
1.28 
1.20 
1.20 
1.19 
1.25 
1.18 
1.12 
1.08 

1  28 

i24 

25 

(6) 

ft) 
1.20 
1.20 
1.20 
1.10 

1.05 
1.00 
1.00 

2 

13 

(a) 
(a) 
(a) 
(a) 
(a) 

n 

3 

14 

4 

1  15 

1 

......  1 

- 1 

36 

27 

28 

29 

80 

31 

1.09    

5 

18 

17 

18 

19 

\Z) 

21 

1.15 
1.18 
1.18 
1.10 
1.10 

1.10    

6 

1.14    

1.17 



8 

1.2f) 
1.20 

9 

v». 

1.05  '   W) 
1.00      (6) 

i: I 

...... 

1 

a  Frozen. 


b  No  record. 
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ARKANSAS  RIVER  AT  PROWERS,   COLORADO. 

This  Station  was  established  in  September,  1899,  but  no  records 
were  kept  until  the  spring  of  1900.  It  is  at  the  diversion  dam  across 
the  river  at  the  head  of  the  Colorado  and  Kansas  canal,  that  x>oint  being 
selected  in  the  hope  that  the  channel  there  might  prove  to  be  permanent, 
which  up  to  the  present  time  has  been  the  case,  and  the  rating  curve 
obtained  gives  excellent  results  within  the  limits  of  the  measurements 
made.  The  station  is  of  special  importance,  as  it  is  practically  at  the 
head  of  irrigation  district  No.  67,  only  the  Colorado  and  Kansas  canal 
and  the  Peterson  ditch  being  taken  out  above  in  that  district.  The 
gage  rod  consists  of  a  piece  of  board  fastened  to  the  upper  side  of  the 
right-hand  wing  of  the  dam,  the  zero  of  the  rod  being  level  with  the 
lowest  place  on  the  crest  of  the  dam.  During  the  greater  part  of  the 
year  little  water  passes  this  point,  and  during  the  low  stages  water  is 
so  valuable  that  the  greatest  care  should  be  exercised  in  its  distribu- 
tion. The  observer  is  D.  L.  Birge,  head-gate  keeper  of  the  Colorado 
and  Kansas  canal.  During  1900  the  following  measurements  were 
made  by  A.  L.  Fellows  and  C.  W.  Beach : 

July  19:  Gage  height,  0.38  foot;  discharge,  118  second-feet. 
Jnly  5:  Gtege  height,  0.60  foot;  discharge,  304  second-feet. 
Jnly  28:  Gage  height,  0.775  foot;  discharge,  546  second-feet. 

When  the  last  measurement  was  made  60  second-feet  was  going 
into  the  ditches. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Proicers,  ColoradOy  for  1900, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Nov. 

Doc. 

1 

4.10 
8.10 
2.80 
2.70 
2.30 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.90 
2.20 
2.70 
2.60 
2.40 
2.20 
2.10 
2.80 
2.10 
2.20 
8.40 
8.10 
2.80 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
3.10 

2.60 
2.70 
8.00 
8.50 
8.00 
8.10 
2.70 
2.30 
2.30 
2.20 
2.40 
2.90 
2.40 
2.30 
2.10 
2.00 
2.00 
1.80 
1.80 
1.70 
1.50 
1.80 
1.80 
1.40 
1.20 
1.30 
1.20 
1.10 
.90 
1.20 

0.90 
.70 
.60 
.40 
.40 
.80 
.30 
.20 
.20 
.20 
.20 
.15 
.15 
.20 
.30 
.20 
.05 
.05 
.15 
.10 
.15 
.15 
.15 
.15 
.!» 
.40 

1.50 
.90 
.70 
.50 
.25 

0.20 
.20 
.15 
.15 
.10 
.10 
.20 
.30 
.20 
.30 
.40 
.70 
.60 
.50 
.40 
.30 
.10 
.00 

(a) 

(a) 

0.15 

o 

.10 

8 

.10 

4 

.2l> 

5 

.20 

6 

.20 

7 

.16 

8... 

.30 

9 

.20 

10 : 

.30 

11  

.30 

12 

.SO 

18 

.3i> 

U 

.10 

16 

1.30 
1.20 
1.20 
3.70 
2.30 
1.90 
2.20 
1.70 
1.80 
1.70 
2.80 
2.60 
1.30 
1.10 
4.90 
4.70 

.15 

16 

.90 

17 

.30 

18 

.80 

19 

.a) 

30 ,... 

.25 

21 

.90 

22 

.20 

23 

.30 

24 

.80 

.ao 

25 



0.20 

26 

.10     .SO 

27 

.10    .a> 

28 

.10 

.30 

29 

.10,    .20 

30 

.20     .2l> 

81 '. ['..'... 



.30 

a  No  record  from  Aug^ist  19  to  November  24;  water  being  diverted  into  irrigation  canals. 
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ARKANSAS  RIVER  AT  AMITY   CANAL  HEAP   GATES,  COLORADO. 

The  station  is  located  at  the  head  of  Amity  canal,  7  miles  west  of 
Lamar,  and  is  maintained  by  the  Amity  Canal  Company,  which  keeps 
the  records  of  the  amount  of  water  flowing  into  the  ditch,  over  the 
dam,  and  out  of  the  wasteway  of  the  canal.  No  measurements  were 
made  at  this  point  during  1900.  On  April  7,  1900,  E.  R.  Bannister, 
head-gate  keeper  of  the  Amity  canal,  made  a  single  measurement  at 
the  wagon  bridge  crossing  the  river  north  of  Lamar,  and  found  a  dis- 
charge of  8,890  second-feet. 

ARKANSAS  RIVER  NEAR  GRANADA,  COLORADO. 

This  station  was  established  July  24,  1898,  being  located  at  the  head 
gates  of  the  Buffalo  Creek  canal,  2  miles  northeast  of  Granada. 
There  is  an  earth  and  brush  dam  across  the  river  at  that  point,  but 
owing  to  its  unstable  nature  the  gage  heights  are  of  little  value,  giv- 
ing, as  they  do,  merely  an  idea  of  the  rise  and  fall  of  the  river,  without 
particular  reference  to  the  actual  discharge.  Since  the  establishment 
of  the  station  readings  have  been  made  throughout  the  irrigation 
seasons  (1898,  1899,  and  1900)  by  Ben  Riley,  head-gate  keeper  of  the 
Buffalo  canal.  No  measurements  have  been  made  at  this  point,  and 
no  rating  table  has  been  computed.  A  brief  description  of  the  station, 
with  gage  heights  for  1899,  was  published  in  Water-Supply  Paper 
No.  37,  page  264. 

Daily  gage  height,  in  feet,  of  Arkansas  River  tvear  Oranada,  Colorado,  for  1900, 


Day. 

JaxL 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1.40 
1.40 
1.40 
1.40 
1.60 
1.40 
1.40 
1.20 
1.20 
1.20 
1.20 
1.80 
1.60 
1.60 
1.60 
1.40 
1.40 
1.60 
1.60 
1.60 
1.60 
1.80 
1.60 
1.60 
1.60 
l.HO 

\.m 

1.80 
1.80 
1.80 

Oct. 

Nov. 

Dec. 

1 

2 

3.tf0 
3.60 
3.00 

3.eo 

3.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.60 

3.eo 

3.00 
3.00 
3.00 
3.00 
2.80 
2.80 
2.80 
2.00 
2.00 
2.00 
2.  (JO 
2.00 
2.00 
2.00 
1.80 
1.80 
2.60 
2.60 

2.60 
3.60 
3.60 
3.40 
3.00 
2.80 
2.60 
2.00 
2.00 
2.00 
2.00 
2.80 
2.80 
2.40 
2.00 
2.00 
2.40 
2.60 
2.60 
2.60 
2.80 
3.00 
2.60 
2.60 
2.80 
2.40 
2.00 
2.00 

2.00 
2.00 
2.00 
1.80 
1.80 
1.80 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.40 
1.40 
1.80 
1.80 
1.80 
1.80 
1.40 
1.40 
.80 
.80 
.80 
.80 
.80 
.80 
1.60 
1.60 
1.60 

1.20 
1.20 
1.00 
1.80 
2.80 
3.40 
3.60 
3.60 
8.00 
2.60 
8.00 
2.80 
2.80 
2.40 
2.60 
2.60 
3.80 
3.80 
3.60 
3.40 
3.00 
3.00 

4.70 
4.00 
4.30 
4.80 
4.60 
4.10 
3.40 
3.10 
3.00 
3.00 
3.00 
2.80 
3.50 
3.60 
8.50 
3.30 
3.30 
3.20 
3.20 
3.60 
8.90 
4.00 

3.90 
4.00 
4.60 
4.60 
4.00 
3.40 
3.20 
3.00 
2.80 
2.80 
8.15 
3.35 
3.00 
3.10 
8.00 
3.00 
2.90 
3.00 
3.00 
3.00 
3.00 
2.80 
2.60 
2.60 
2.00 
2.00 
2.00 
2.00 
1.80 
3.40 



2.00 
2.00 
1.80 
1.80 
2.40 
2.40 
2.40 
2.60 
8.00 
3.60 
3.60 
3.60 
3.00 
3.00 
2.80 
3.70 
3.20 
3.00 
8.00 
2.80 
2.00 
2.(W 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
3.00 
2.20 
1.70 

1.60 
1.60 
1.60 
1.60 
1. 60 
1.40 
1.40 
1.40 
1.60 
1.60 
1.80 
1.60 
1.60 
1.80 
1.60 
1.60 
1.60 
1.60 
1.35 
1.35 
1.*) 
1.60 
1.85 
.80 
.90 
1.40 

\.m 

1.40 
1.40 
1.40 
1.40 

1.80 
1.60 
1.00 
1.00 
1.00 
1.00 
1.00 
1.40 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1. 60 
1.60 
1.60 
1.80 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.00 
2.00 
2.00 

1    Kf» 

1.80 
1.80 

3 

1.80 

4 

1.80 

5 

1.80 

6 

2.00 

7 . ..-. . 

2.00 

8 

2.00 

9 

10 

"••"*• 

11 

ll» 

13 

U 

15 

W 

i: 

Is 

19 ,     . 

...... 

'^i r.'i''..i...i.'"'.'.'... 

• ..... 

21 

♦» 

23 1 

3.30  :  3.80 
2. 70  '  3. 40 
2.20  1  8.40 
2.00  I  3.40 
2.00  ;  8.20 
2.00  ,  3.20 
2.40     3.20 
3.80  i  3.80 
!  3.70 

34 

25 

2H  

1.60  ,  1.80 
1.60  ,  1.80 
1.80     1  «i 

28 

2» 

'%) ; 

31 

1.80 
1.80 
1.80 

1.80 
1.80 
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ARKANSAS  RIVER  AT  HUTCHINSON,  KANSAS. 

This  station  was  established  May  13, 1895.  It  is  described  in  Water- 
Supply  Paper  No.  37,  page  265.  On  October  25, 1900,  a  new  gage  was 
put  in.  It  is  a  pine  timber,  2  inches  by  2  inches  by  5  feet  long, 
marked  in  feet  and  tenths,  and  is  fastened  to  the  east  side  of  the  east 
cylinder  of  the  third  set  of  cylinders  from  the  north  end  of  the  bridge, 
at  the  same  elevation  as  the  old  gage.  Results  of  measurements 
will  be  found  as  follows:  For  1896,  Eighteenth  Annual  Report,  Part 
I^>  P*g®  233;  for  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
361;  for  1898,  Twentieth  Annual  Report,  Part  IV,  page  343;  for  1899, 
Twenty-first  Annual  Report,  Part  IV,  page  236.  During  1900  the  fol- 
lowing discharge  measurements  were  made  by  W.  G.  Russell : 

Discharge  measurementa  of  Arkansas  River  at  Hutchinson^  Kansas. 


Date. 


Gase 
height. 


1900. 

April  12 

AprillS 

April  14 

May  18 

June9 , 


Feet. 
4.65 
4.25 
4.10 
4.76 
6.10 


Dis- 
charge. 


Secft 

6,aei 

4,788 
8,887 
6,980 
8,476 


Date. 


1900. 

June  20 

September  27... 

October  25 

November  29..., 


O 

height. 


Feet. 
4.06 
1.86 
1.80 
1.80 


Di«- 
charge. 


Sec-ft. 
3,901 

77 
87 
84 


Daily  gage  height  j  infest^  of  Arkansas  River  at  Hutchinson^  Kansas,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

8.70 
8.66 
8.60 
6.20 
6.86 
6.10 
4.90 
4.90 
4.70 
4.60 
4.30 
4.20 
4.20 
4.10 
4.16 
4.40 
4.60 
4.76 
4.60 
4.40 
4.20 
4.20 
4.20 
4.20 
4.05 
6.10 
6.20 
4.80 
4.70 
4.60 
4.60 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1. 

1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 

2.00 
2.10 
2.20 
2.80 
3.20 
3.00 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.40 
2.80 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
4.66 
4.76 
4.65 
4.60 
4.26 
4.10 
4.00 
3.90 
3.80 
8.60 
4.50 
6.30 
4.60 
4.35 
4.00 
4.10 
4.10 
4.00 
4.10 
4.05 
3.90 

4.60 
4.70 
6.00 
4.80 
4.80 
6.20 
6.66 
5.40 
6.20 
6.00 
4.60 
4.60 
4.70 
4.90 
4.70 
4.90 
4.70 
4.60 
4.80 
4.10 
4.00 
3.90 
3.80 
3.70 
3.60 
3.60 
3.60 
3.60 
8.60 
8.40 

3.20 
3.10 
3.U0 
2.90 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.40 
2.80 
2.20 
2.10 

1.50 
1.60 
1.46 
1.46 
1.40 
1.40 
1.40 
1.60 
1.46 
1.40 
1.86 
1.80 
1.25 
1.20 

1.10 

.95 

.95 

.95 

.95 

.96 

.90 

.90 

.90 

1.30 

1.20 

1.20 

1.20 

1.20 

1.16 

1.10 

1.10 

1.10 

1.20 

1.25 

1.20 

1.20 

1.25 

1.25 

1.20 

1.16 

1.85 

1.40 

1.50 

1.70 

1.70 
1.66 
1.60 
1.60 
1.40 
1.85 
1.30 
1.30 
1.80 
1.26 
1.20 
1.20 
1.20 
1.20 
1.20 
1.16 
1.10 
1.10 
1.10 
1.10 
1.30 
1.46 
1.85 
1.80 
1.25 
1.80 
1.80 
1.85 
1.50 
1.60 
1.60 

1.45 
1.45 
1.46 
1.86 
1.35 
1.26 
125 
1.25 
1.25 
1.25 
1.26 
1.25 
1.26 
1.25 
1.25 
1.26 
1.25 
1.20 
1.15 
1.20 
1.25 
1.25 
L25 
1.25 
1.25 
1.25 
1.25 
1.30 
1.80 
1.80 

1.30 

2 

1.30 

3 

1.30 

4 

1.30 

5 

1.30 

6 

1.30 

7 

1.25 

8 

1.25 

9 

1.25 

10 

1.25 

11 

1.25 

12 

1.35 

13 

1.25 

14 

1.25 

16 

2.10     1.16 
2.00     1.10 

1-25 

16 

1-25 

17 

1.90 
1.90 
1.90 
1.86 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.66 
1.60 
1.60 
1.60 

1.05 
1.05 
1.05 
1.00 
1.00 
1.25 
1.20 
1.20 
1.10 
1.10 
1.06 
1.05 
1.10 
1.10 
1.10 

1.25 

18 

1.2S 

19 

1.25 

20 

1.25 

21 

1.25 

22 

1.35 

23 

24 

25 

26 

27 

88 

29 

30 

31 

VBRDIGRIS  RIVER  NEAR  LIBERTY,  KANSAS. 

This  Station,  which  was  originally  established  in  August,  1895,    is 
described  in  Water-Supply  Paper  No.  37,  page  265.     In  1900  a  new 


KANSAS. 


331 


bench  mark  was  established,  consisting  of  3  nails  driven  horizontally 
into  a  root  on  the  river  side  of  a  cottonwood  tree  40  feet  south  of  the 
gage,  the  nails  being  8  inches  below  a  sandstone  rock  which  pro- 
trudes from  a  hollow  in  the  tree.  Its  elevation  is  11.88  feet  above  the 
zero  of  the  old  gage.  Results  of  measurements  will  be  found  as  follows : 
For  1896,  Eighteenth  Annual  Report,  Part  IV,  page  235;  for  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  369;  for  1898,  Twentieth 
Annual  Report,  Part  IV,  page  344;  for  1899,  Twenty-first  Annual 
Report,  Part  IV,  page  237.  During  1900  the  following  discharge 
measurements  were  made  by  W.  G.  Russell: 

May  16:  Gage  height,  2.90  feet;  discharge,  265  second-feet. 
Jnne  11:  Gage  height,  3.40  feet;  discharge,  542  second-feet. 
June  28:  Gage  height,  2.40  feet;  discharge,  169  second-feet. 
October  1:  Gage  height,  84.70  feet;  discharge,  85,000  second-feet.^ 
October  28:  Gage  height,  3.00  feet;  discharge,  437  second-feet. 
November  28:  Gage  height,  4.00  feet;  discharge,  885  second-feet. 

Daily  gage  height ,  in  feet ^  of  Verdigris  River  near  Liberty ,  Kansas,  for  1900, 


Day. 

Jan. 

• 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1 

2.05 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
2.10 
2.20 
2.10 
2.10 
2.10 
2.25 
2.30 
2.80 
2.20 
2.00 
2.00 
2.00 
2.  (JO 
2.00 
2.00 
2.a5 
2.70 
2.55 
2.45 
2.40 

2.50 
2.60 
2.65 
2.70 

4.eo 

13.00 
16.10 
11.45 
6.20 
5.60 
5.25 
4.85 
4.45 
3.95 
3.75 
3. '6b 
3.20 
8.20 
3.15 
3.10 
3.10 
3.06 
2.95 
2.80 
2.80 
2.80 
2.80 
280 
2.70 
2.70 
2.70 

2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.50 
2.60 
2.60 
2.90 
2.80 
16.65 
10.60 
6.70 
5.40 
8.90 
3.80 
3.85 
7.26 
6.50 
6.26 
5.00 
4.90 
8.90 
4.36 

4.45 
3.90 
8.65 
3.55 
8.20 
6.10 
4.80 
4.10 
4.90 
4.15 
3.55 
3.25 
8.10 
290 
2.80 
2.85 
10.85 
21.60 
20.56 
10.75 
7.30 
5.40 
5.10 
6.06 
6.70 
5.50 
6.00 
6.06 
5.65 
5.80 
4.60 

4.40 
4.25 
8.90 
8.60 
8.40 
8.26 
3.10 
2.95 
2.75 
2.65 
8.80 
8.16 
8.06 
8.80 
4.56 
8.40 
8.10 
2.90 
2.80 
2.65 
2.56 
2.45 
2.40 
2.40 
236 
2.30 
2.30 
2.80 
8.20 
10.50 

26.65 
18.20 
4.20 
8.70 
4.00 
4.20 
8.45 
2.95 
2.75 
8.00 
2.85 
3.60 
8.36 
2.95 
2.75 
6.30 
9.25 
7.65 
4.70 
8.75 
3.16 
3.00 
2.96 
4.75 
4.80 
8.90 
8.20 
8.00 
290 
3.10 
2.65 

2.45 
2.40 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.90 
1.75 
1.55 
1.60 
1.60 
1.60 

1.60 
1.66 
1.80 
1.96 
l.K) 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.70 
1.80 
1.70 
1.75 
2.45 
2.85 
2.76 
2.85 
2.85 
2.80 
2.70 
4.55 
18.45 
12.10 
38.00 
32.00 
86.00 

84.75 
34.70 
5.75 
5.20 
4.80 
4.86 
4.00 
8.80 
3.65 
8.60 
3.40 
8.80 
3.20 
8.15 
8.06 
8.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.96 
2.90 
8.40 
a40 
8.36 
8.10 
8.00 
2.90 
8.76 
16.80 

24.75 
27.96 
26.90 
16.60 
7.50 
5.80 
6.45 
6.15 
4.95 
4.80 
4.70 
4.60 
4.45 
4.40 
4.80 
4.20 
4.10 
4.00 
4.10 
6.00 
6.10 
4.80 
4.80 
4.60 
4.80 
4.10 
4.10 
4.10 
4.00 
4.00 

4.00 

2 

3.80 

3 

3.80 

4 

8.80 

5 

8.70 

6 

8.70 

7 

3.60 

8 

3.60 

9 

8.60 

10 

8.50 

11 

3.40 

12 

8.40 

13 

3.30 

U 

8.30 

15 

3.30 

W 

3.20 

17 

18 

8.20 
3.20 

19 

8.20 

3D 

8.20 

21 

3.10 

22 

3.10 

23 

3.10 

24 

3.10 

25 

3.10 

•M 

3.10 

27 

3.00 

28 

3.00 

29 

3.00 

30 

31.           

NEOSHO  RIVER  NEAR  lOLA,  KANSAS. 

This  station,  which  was  established  in  July,  1895,  is  described  in 
Water-Supply  Paper  No.  37,  page  267.  Records  of  discharge  meas- 
urements for  the  years  1896,  1897,  1898,  and  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  pages  245  and  246.     During 


1  Partly  estimated;  33,048  second-feet  measured. 
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1900  the  following  discharge  measurements  were  made  by  W.  G. 
Russell: 

May  15:  Ghige  height,  2.80  feet;  discharge,  414  seoond-feet. 
June  12:  Gage  height,  3.40  feet;  discharge,  637  second-feet. 
June  22:  Gage  height,  8.20  feet;  discharge,  489  second-feet. 
October  2:  Gage  height,  5.80  feet;  discharge,  4,476  second-feet. 
October  29:  Gage  height,  7.10  feet;  discharge,  7,559  second-feet. 
November  27:  Gage  height,  8.80  feet;  discharge,  788  second-feet. 

Daily  gage  height,  in  feet,  of  Neosho  River  near  Tola,  Kansas^  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Atw. 

Sept. 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.25 
2.75 
3.15 
8.40 
3.15 
2.95 
2.90 
2.00 
3.40 
7.30 
4.45 
4.90 
10.80 
11.70 
10.80 

Oct. 

Nov. 

Dec. 

1 

2 

2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.80 
2.80 
2.30 
2.30 
2.80 
2.90 
2.30 
2.80 
2.80 
2.80 
2.80 
2.30 
2.80 
2.80 
2.80 
2.80 

2.80 
2.80 
2.80 
2.30 
2.80 
2.30 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.40 
2.46 
2.50 
2.60 

2.00 
2.60 
2.60 
2.70 
3.06 
8.00 
7.80 
7.60 
6.95 
7.80 
9.15 
8.85 
5.95 
4.70 
4.15 
3.85 
3.80 
8.70 
3.55 
3.60 
3.30 
a  10 
2.90 
2.90 
2.90 
2.90 
2.85 
2.80 

2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
7.60 
7.60 
4.36 
4.90 
4.25 
4.40 
3.65 
7.65 
8.60 
5.00 
5.40 
4.90 
3.05 

4.00 
8.90 
3.60 
8.50 
3.60 
3.40 
8.60 
3.80 
3.55 
3.50 
8.40 
8.80 
8.15 
2.95 
2.80 
4.60 
13.00 
15.60 
15.80 
7.10 
5.20 
4.80 
4.40 
4.15 
3.95 
4.15 
4.40 
3.90 
7.20 
7.95 
7.85 

5.26 
4.15 
8.90 
3.80 
A  70 
3.70 
3.70 
3.55 
3.60 
8.50 
3.35 
3.36 
3.40 
3.60 
3.60 
3.60 
3.80 
3.55 
3.35 
3.80 
3.30 
3.20 
3.05 
2.90 
2.75 
2.55 
2.50 
2.70 
2.90 
5.90 

5.50 
4.20 
3.50 
3.80 
3.30 
3.20 
3.20 
3.20 
3.20 
3.15 
3.10 
3.00 
8.00 
2.90 
2.80 
2.70 
2.8> 
2.85 
2.75 
2.70 
2.60 
2.70 
2.80 
2.90 
8.05 
3.25 
3.65 
3.85 
3.65 
3.60 
3.45 

8.20 
2.95 
2.75 
2.60 
2.60 
2.45 
2.40 
2.30 
2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
3.10 

7.80 
5.65 
4.70 
3.95 
3.60 
3.40 
3.20 
3.20 
3.10 
3.00 
8.00 
3.00 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.90 
2.80 
2.80 
7.50 
11.00 
10.75 

17.40 
18.96 
12.60 
5.80 
4.90 
4.45 
4.10 
8.76 
8.66 
8.50 
3.50 
3.40 
3.80 
3.20 
3.20 
3.10 
3.00 
8.00 
8.00 
8.00 
3.85 
8.16 
3.20 
8.46 
3.60 
3.40 
3.30 
8.30 
3.80 
3.30 

a20 
8.10 

8 '... 

4 

8.10 
8.00 

6 

8.00 

6 

d.00 

7 

2.90 

8 

2.90 

9 

2.80 

10 

2.80 

11 

2.80 

12 

2.80 

13 

2.80 

U 

2.70 

15 

2.70 

16 

2.70 

17 

2.70 

18.... 

2.7U 

19 

2.70 

20 

2.70 

21 

2.70 

23 :... 

2.60 

23 

2.60 

24 

2.60 

26 

2.60 

26 

2.60 

27 

2.65 

28 

2.60 

29 

30 

31 

2.80     4.05 
2.80     4.20 
2.80  ' 

2.70 

TEXAS  KIVERS. 

The  year  1900  was  marked  hy  an  increased  flow  of  all  of  the  Texas 
rivers.  The  flow  of  the  two  previous  years  was  somewhat  below  the 
average.  In  all  of  the  streams  from  the  Pecos  east,  and  especially  in 
that  section  bounded  by  the  Pecos  and  Colorado  rivers  and  by  the 
International  and  Great  Northern  and  the  Southern  Pacific  railroads, 
generally  known  as  the  Edwards  Plateau,  the  increase  in  the  flow  is 
marked,  the  discharge  of  the  Colorado  being  greater  than  at  any  time 
during  the  last  twelve  years.  All  of  the  streams  forming  the  system  at 
the  foot  of  the  Edwards  Plateau,  namely,  Barton  Springs  at  Austin, 
the  San  Marcos  at  San  Marcos,  Comal  River  at  New  Braunfels,  San 
Antonio  River  at  San  Antonio,  Leona  River  at  Uvalde,  Los  Moras  Ci'eek 
at  Brackettville,  Mud  Creek  in  the  western  part  of  Kinney  County, 
and  the  San  Felipe  Springs  at  Del  Rio,  have  shown  a  decided  increase 
in  their  volume.  In  fact,  during  1900  the  entire  section  referred  to  has 
raised  the  best  stock  of  the  last  ten  years,  which  means  an  abundance 
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of  Tain.  Barton  Springs  more  than  trebled  its  flow  of  1898,  while  San 
Antonio  River,  which  had  been  dry  for  several  years,  began  to  flow 
daring  the  latter  part  of  1899,  and  its  discharge  increased  to  such  an 
extent  that  the  water-power  plants  started  up  early  in  the  year  1900. 
Leona  River  at  Uvalde,  which  had  also  been  dry  for  several  years, 
began  to  flow  again;  Los  Moras  Greek  shows  an  increase  since  the  flood 
of  June,  1899;  and  Mud  Creek — dry  since  1893 — ^began  to  flow,  making 
irrigation  from  it  again  possible. 

BRAZOS  RIVER  AT  WACO,   TEXAS. 

In  September,  1898,  a  gage  was  established  on  the  southwest  bank 
of  Brazos  River  at  Waco.  It  consists  of  an  inclined  iron  bar,  3  inches 
by  1  inch,  reading  from  0  to  4.3  feet,  bolted  to  a  hard  pine  stick 
16  feet  long,  embedded  in  cement  in  the  sloping  limestone  of  the 
bank,  flush  with  the  surface,  on  which  are  painted  the  graduations 

above  4.3  feet.     The  gage  is  inclined  at  an  angle  of  sin  ~^77  to  the 

54 

horizontal.  Three  bench  marks  have  been  established.  The  first  is 
on  the  lowest  water  table  on  the  southwest  pier  of  the  suspension 
bridge,  and  is  marked  "TJ.  S.  G.  S.  44.33  B.  M."  The  hydrant  at  the 
corner  of  First  and  Austin  streets  is  at  an  elevation  (by  gage)  of  43.32 
feet,  while  the  top  of  the  rail  of  the  San  Antonio  and  Aransas  Pass 
Railroad,  a  few  feet  from  the  hydrant,  is  at  an  elevation  of  41.12  feet. 
During  1900  fourteen  measurements  of  the  flow  were  made.  The  bed 
of  the  river  is  shifting  sand,  and  nearly  every  freshet  modifies  the 
cross  section,  so  that  at  the  same  gage  heights  the  river  sometimes 
flows  in  one  channel,  sometimes  in  two  channels,  under  the  suspen- 
sion bridge  from  which  the  measurements  are  made.  In  order,  there- 
fore, to  plot  a  rating  curve,  the  measurements  for  1900  will  have  to  be 
arranged  in  a  January  to  July  group  and  an  August  to  December 
^onp,  as  the  channel  was  modified.  So  far  as  known,  the  minimum 
flow  of  Brazos  River  at  Waco  occurred  on  December  26,  1898,  the 
discharge  being  141  second-feet. 

The  United  States  Weather  Bureau  commenced  observations  of 
the  flow  of  the  river  at  Waco  on  August  1, 1900,  on  a  gage  painted 
on  the  southeast  portion  of  the  pier  of  the  St.  Louis  and  Southern 
Railway  bridge  nearest  the  center  of  the  river.  Graduations  are  in 
feet  and  tenths,  and  extend  from  zero  to  37  feet.  The  bench  mark 
is  the  top  of  the  rail  in  front  of  the  St.  Louis  and  Southern  Railway 
station  at  Waco.  It  is  41.5  feet  above  the  zero  of  the  gage,  and, 
according  to  the  levels  of  the  railroad  company,  it  is  410  feet  above 
sea  level.  During  the  year  this  gage  was  for  many  weeks  surrounded 
by  a  sand  bank,  and  on  two  occasions  the  edge  of  the  water  was  60 
feet  distant  from  the  gage. 
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During  1900  the  following  measurements  of  discharge  were  made: 

Discharge  measurements  of  Brazos  River  at  Wdco,  Texas, 


Date. 


IflOO. 

January  31 

Febraarv22 

March  18 

AngiiBt28 

August  29 

September  7. «... 
September  8 


Gase 
hei^t 

Dis-     1 
charge. 

F^t 

Sec-ft.  , 

4.10 

1,841 

3.80 

658 

8.10 

540 

3.36 

899 

8.30 

378 

4.70 

1,323 

4.60 

1,197 

Date. 


1900. 

December  19 

December  20 

December  28 

December  29 

December  80 

December  31 


Dis- 
charge. 


Sec-ft. 
532 
512 
411 
403 
397 
394 


Daily  gage  height,  in  feet,  of  Brazos  River  at  Waco,  Texas,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.     Nov. 

1 

Dec 

1 

4.45 
4.30 
4.25 
4.26 
4.16 
4.25 
4.80 
4.20 
5.90 
5.86 
9.15 
7.90 
6.15 
6.70 
6.40 
5.45 
5.20 
5.00 
4.90 
4.70 
4.70 
4.60 
4.50 
4.45 
4.80 
4. 25 
4.20 
4.10 
4.10 
4.10 
4.05 

4.00 

8.90 

8.90 

8.90 

8.80 

&80 

3.80 

3.80 

3.85 

8.96 

3.70 

3.80 

8.80 

3.76 

8.00 

3.55 

3.60 

3.60 

3.45 

3.40 

8.86 

8.80 

3.80 

8.20 

3.2U 

8.20 

8.20 

8.10 

8.10 
3.10 
3.00 
3.00 
8.00 
8.00 
8.75 
a96 
&45 
a85 
3.25 
8.10 
8.10 
3.10 
8.16 
3.20 
3.20 
3.20 
3.16 
3.10 
3.06 
8.00 
8.75 
6.26 
5.60 
5.00 
6.10 
4.86 
4.65 
4.85 
4.16 

4.05 

4.00 

4.00 

8.85 

8.75 

3.70 

14.50 

22.90 

20.90 

19.70 

11.50 

9.25 

12.00 

9.60 

8.90 

8.20 

8.00 

7.80 

7.00 

6.55 

6.80 

6.60 

6.80 

6.65 

6.70 

6.00 

8.05 

12.00 

12.00 

18.80 

11.00 
11.40 
11.85 
10.20 
9.55 
8.90 
8.40 
8.05 
7.60 
7.10 
6.90 
6.60 
6.50 
6.20 
6.45 
8.20 
7.60 
6.80 
6.36 
6.25 
7.00 
7.20 
6.70 
6.65 
7.25 
7.60 
9.65 
8.00 
7.46 
12.70 
16.80 

12.85 
14.80 
12.80 
10.25 
9.00 
8.35 
7.85 
7.70 
7.20 
6.90 
6.56 
6.65 
6.40 
6.20 
6.05 
5.75 
5.50 
5.40 
5.80 
6.15 
5.25 
5.46 
5.10 
4.60 
5.15 
5.05 
4.95 
4.80 
4.76 
4.70 

4.66 
4.60 
4.00 
4.65 
4.86 
4.75 
4.65 
4.60 

6.25 
6.60 
6.00 
7.35 
6.60 
5.90 
5.45 

3.46 

3.40 

3.25 

3.20 

8.15 

8.10 

4.45 

4.40 

4.50 

9.10 

9.45 

8.35 

9.15 

8.20 

7.45 

7.06 

6.45 

6.20 

5.70 

5.20 

5.00 

10.25 

15.20 

19.65 

21.  L5 

22.30 

28.95 

25.70 

22.95 

17.00 

14.35  '  9.90 

10.95  1  6.20 

8. 50    ^  4A 

3.90 

2 

3  80 

3 

3  80 

4 

7.40 
6.90 
6.80 
6.50 
6.05 

5.80 
5.85 
6.10 
5.60 

8  80 

5 

3.  TO 

6 

7 

3.60 
3.60 

8 

3  00 

9 

4.55  .  A.  41) 

6.85    -*>  n^ 

3  60 

10 

4.60 
4.50 
4.70 
4.75 
4.60 
4.65 
9.85 
7.70 
6.05 
6.80 

5.90 
5.65 
5.95 
6.50 
5.20 
6.55 
6.70 
5.95 
5.60 
R.9R 

5.75 
5.65 
5.20 
5.10 
5.06 
4.90 
4.75 
4.55 
4.60 

4.85 
4.60 
4.50 
4.50 
4.40 
4.35 
4.80 
4.20 

3.  til) 

11 

3.60 

12 

3.(&5 

18 

3.65 

14 

3.65 

15 

16 

3.70 
3.60 

17 

3.60 

18 

3.55 

19 

4. 40    i.  90 

3.50 

20 

21 

6.75     5.05 
5.95  1  5.00 
5.60  '  4.45 

4.35 
5.25 

4.15 
1  10 

3.40 
3.40 

22 

8.20  1  4.15 
7.16     4.20 
7.85     4  OR 

3.40 

28 

4.75 

3.86 

3.40 

24 

5.50 

3.45 

3.40 

25 

7.15 

3.60 

6.95 
7.10 
6.45 
5.90 
6.00 
5.55 
8.80 

3.95 
3.90 
3.90 
4.05 
4.10 
3.90 

3.30 

26 

9.05     3.65 
8.30     3.60 

3.90 

27 

8.80 

28 

7.45 
7.40 
6.45 
6.15 

3.45 
3.40 
8.50 
3.60 

3.80 

29 

30 

8.30 
8.20 

31 

8.20 

LEON  RIVER,  TEXAS. 

Leon  River  rises  in  Eastland  County,  Texas,  and  flows  through 
Comahehe,  Hamilton,  Coryell,  and  Bell  counties,  emptying  into  Little 
River,  a  tributary  of  Brazos  River.  A  short  distance  above  Belton 
it  receives  the  waters  of  Cowhouse  Creek.  The  flow  of  Leon  River  is 
utilized  at  Belton  by  the  electric-light  plant.  The  dam,  which  was 
built  in  1894,  is  of  wood,  built  up  in  a  compact  mass.  The  down- 
stream face  has  a  vertical  fall  of  7  feet,  and  then  terminates  ia  a 
slightly  inclined  apron,  which  serves  to  break  the  fall  of  the  water 
and  carry  it  off  without  damage  to  the  lower  toe.  The  length  of  the 
dam  is  160  feet,  the  total  height  above  bed  rock  12  feet.  The  bulk- 
heads are  built  up  to  a  level  above  the  banks,  and  constitute  the  piers 
of  one  of  the  highway  bridges  across  the  river.     The  water  is  taken 
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from  the  lake  above  the  dam  by  a  flume  on  the  west  side  of  the  river. 
This  flume  rests  on  a  well-protected  framework,  which  is  boarded  up 
on  the  river  side.  The  power  house  is  about  100  feet  below  the  dam, 
where  a  fall  of  11  feet  is  obtained.  The  river  rarely  ceases  to  flow  at 
Belton,  but  during  the  fall  it  is  so  low  that  it  does  not  furnish  suffi- 
cient power  to  supply  the  electric  lights  for  the  town.  On  an  average 
the  river  furnishes  sufficient  power  for  two-thirds  of  the  year,  and  an 
auxiliary  steam  plant  is  used  to  tide  over  the  stages  of  low  water. 
The  power  I'equired  by  the  electric-light  plant  is  from  150  to  200 
horsepower.  On  December  19,  1900,  the  flow  of  the  river  was  meas- 
ured by  Thomas  U.  Taylor  at  a  point  halfway  between  the  dam  and 
the  bridge  of  the  Gulf,  Colorado  and  Santa  Fe  Railroad,  about  75 
yards  below  the  dam,  and  a  flow  of  165  second-feet  was  found.  The 
measurement  was  made  in  the  afternoon,  and  about  6  inches  of  water 
was  flowing  over  the  dam. 

LAMPASAS  RIVER,    TEXAS. 

The  junction  of  Lampasas  and  Leon  rivers' forms  Little  River,  which 
flows  into  Brazos  River.  The  Sulphur  Fork  of  Lampasas  River  rises 
in  the  city  of  Lampasas,  and  is  formed  by  two  springs,  the  Hancock 
and  the  Hanna.  The  Hancock  Spring  is  about  1  mile  from  the  court- 
house, and  its  flow  on  December  18, 1900,  as  measured  by  Thomas  U. 
Taylor,  was  10.3  second-feet.  The  measurement  was  made  just  below 
the  ford,  and  about  400  feet  below  the  bath  house  at  the  spring.  The 
dam  of  the  electric-light  plant,  which  is  a  little  more  than  a  half  mile 
below  the  spring,  backs  the  water  up  to  within  200  yards  of  the  spring. 
The  flow  of  the  spring  is  stated  by  citizens  to  be  reliably  constant. 
The  Hanna  Spring  is  about  a  fourth  of  a  mile  from  the  court-house^ 
and  almost  on  the  opposite  side  of  the  town.  It  rises  in  a  large  arti- 
ficial pool,  60  feet  in  diameter,  constructed  of  stone  and  cement.  The 
water,  which  is  strongly  impregnated  with  sulphur,  flows  out  of  the 
pool  over  an  inclined  apron,  and  can  be  diverted  to  the  large  bath 
house  near.  The  stream  formed  by  the  spring  has  been  diverted  from 
its  original  channel,  and  is  conveyed  underground  a  distance  of  about 
200  yards,  although  at  certain  places  it  is  visible  through  the  boxes, 
the  sides  of  which  project  above  the  surface  of  the  ground.  At  one 
of  the  boxes  the  flow  of  the  spring  on  December  19,  1900,  was  found 
to  be  4  second-feet.  The  waters  of  these  springs  are  utilized  by 
various  power  plants. 

There  are  three  dams  across  the  Lampasas  within  1^  miles  of  the 
city  of  Lampasas.  The  electric-light  plant  is  in  the  suburbs  of  the 
city.  It  has  a  stone  dam  14  feet  high  and  160  feet  long.  The  water 
is  conveyed,  by  a  race  nearly  300  yards  long,  to  the  power  house,  where 
a  fall  of  14  feet  is  obtained.  The  waters  above  this  stone  dam  are 
held  back  during  the  day,  being  used  only  at  night,  and  the  lake 
above  the  dam  fills  and  the  water  begins  to  flow  over  the  dam  shortly 
after  midday.     A  judicious  use  of  flashboards  would  render  more 
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power  available.  With  an  efficiency  of  75  per  cent  a  flow  of  1 
cubic  foot  of  water  would  give  a  continuous  horsepower  of  1.2,  or  a 
total  of  12  horsepower  if  used  continuously,  or  a  total  of  28.8  horse- 
power if  used  for  only  ten  hours  during  the  day  and  held  back  for 
fourteen  hours.  An  auxiliary  steam-engine  is  used  at  the  power 
plant.  The  second  dam  is  about  three-fourths  of  a  mile  below  the 
stone  dam.  It  is  an  old-fashioned  wooden  structure  120  feet  long, 
and  gives  a  fall  of  11  feet.  The  triangular  frame  bents  are  con- 
structed with  the  inclined  braces  upstream.  To  these  braces  sheeting 
is  nailed,  which  forms  the  upstream  face  of  the  dam.  With  a  good 
hydraulic  wheel  1  cubic  foot  of  flow  should  give  1  horsepower  at  this 
dam.  The  power  here  is  used  by  the  Donovan  flour  mill,  but  the  flow 
of  the  stream  is  under  the  control  of  the  upper  dam  to  such  an  extent 
that  a  gasoline  engine  is  used  as  an  auxiliary  power.  The  lower  dam, 
which  is  also  of  wood,  is  about  three-fourths  of  a  mile  below  the 
Donovan  dam,  and  has  a  fall  of  about  10  feet. 

COLORADO   RIVER  AT  AUSTIN,  TEXAS. 

During  1900  the  flow  of  Colorado  River  of  Texas  was  the  largest 
during  the  last  twelve  years.  The  flood  of  April  7,  which  carried 
away  the  great  masonry  dam  at  Austin,  was  general  over  southwest 
Texas,  but  its  only  disaster  was  limited  to  the  demolition  of  that 
structure.  A  full  discussion  of  the  flow  of  the  river  will  be  found  in 
Water-Supply  Paper  No.  40.  From  measurements  made  in  1899  it 
was  demonstrated  that  the  minimum  flow  of  the  river  at  the  head  of 
the  lake  created  by  the  Austin  dam  (the  so-called  Lake  McDonald) 
was  less  than  200  second-feet,  from  which  should  be  deducted  the 
evaporation  from  the  3  square  miles  of  lake  surface,  making  the  flow 
at  the  forebay  of  the  dam  still  smaller.  The  supposed  minimum  flow 
of  1,000  second-feet,  upon  which  the  construction  of  the  dam  and  its 
allied  enterprises  was  predicated,  was  one  of  the  greatest  overestimates 
known  to  American  engineering  practice.  With  a  fall  of  62  feet,  the 
flow  of  the  river  at  low  stages  could  not  develop  even  900  horsepower, 
while  5,227  horsepower  had  been  counted  upon  for  minimum  stages 
of  the  river. 

Records  of  the  depth  of  water  on  the  crest  of  the  dam  at  Austin 
were  kept  from  September  1,  1895,  to  January  1,  1900,  aijid  the  maxi- 
mum and  average  depths  of  water  on  the  crest  as  recorded  by  the 
gage  were  as  follows: 

Depths  of  water  on  crest  of  Austin  dam. 


Year. 


18W. 
1897. 
1808. 
1899. 


Average  for  4  years. 


Mazimam 
depth. 


Average 
depth. 


Feet. 

Feet. 

2.eo 

0.4dS 

2.20 

.428 

4.20 

.280 

9.80 

.412 

4(125 


TEXAS. 


887 


On  account  of  the  ineqaalities  of  the  crest  line  of  the  dam,  all 
depths  mast  be  increased  by  0.009  foot  to  get  an  average  for  the 
whole  spillway  of  1,091  feet. 

Experiments  with  an  electric  current  meter  were  made  during  Jan- 
uary and  March  of  1900,  to  determine  the  coefficient  C  in  the  weir 

formula  Q^Cl  H*.  The  results  obtained  indicate  that  for  the  Austin 
dam  C  was  nearly  3.09,  the  theoretical  coefficient  used  by  Frizell. 
Substituting  this  value  of  C  and  the  length  of  I  (1,091  feet),  we  get 

Q  =  3.371  H^, 

The  average  flow  through  the  penstocks  for  the  same  years  (1896, 
1897,  1898,  and  1899)  was  about  250  second-feet.  The  following  table 
gives  the  maximum  and  average  daily  discharge,  in  second-feet, 
including  the  flow  through  the  penstocks : 

Discharge  of  Colorado  River  at  Austin  dam. 


Year. 

Oage  height. 

Maximum. 

Average. 

1806 

Feet, 
2.60 
2.20 
4.20 

Feet. 
0.605 

1897 

.431 

1M88 

.826 

1899 

0.80  1         .421 

Discharge. 


Average. iMaximum.  Minimam.  Average 


8ec-ft. 

14,100 

11,000 

29,000 

108,400 


Sec.'ft. 
1,460 
1,200 
1,880 
1,170 


The  average  discharge  for  the  four  years  is  1,160  second-feet. 

Prior  to  the  flood  of  April  7,  1900,  the  discharge  of  the  river  at  the 
station  below  the  dam  was  at  low  stages  absolutely  under  the  control 
of  the  turbines  at  the  power  house  at  the  dam,  and  measurements 
made  opposite  the  city,  at  the  station  between  the  two  bridges,  did 
not  give  the  unobstructed  flow  of  the  river.  Since  the  destruction  of 
the  dam  measurements  have  been  made  at  the  station  about  a  fourth 
of  a  mile  above  the  highway  bridge  on  Congress  avenue.  The  station 
is  described  in  Water-Supply  Paper  No.  37,  page  274. 

During  1900  the  following  measurements  were  made  by  Thomas  XJ. 
Taylor: 

Discharge  measurements  of  Colorado  River  at  Austin,  Texas, 


Date. 


1900. 

April7 

AugnBt24 

August  25 

August  27 

August  30 

September  1 

September  4 


'  Gage 

Dis- 

height. 

charge. 

Feet. 

Sec. -ft 

33.50 

122,000 

2.40 

1,160 

2.35 

990 

2.21 

793 

2.13 

747 

2.40 

1,198 

2.45 

1,306 

Date. 


I 


1900. 

September  13 

September  17 

September  18 

September  19 

September  20 

September  21 

December  22 .... 


Gage 
height. 

Dis- 

charge. 

F^et. 

Sec.-ft. 

2.46 

1,39S 

2.35 

1,107 

2.25 

985 

2.19 

895 

2.14 

806 

2.10 

739 

2.90 

2,10» 
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Daily  gage  height,  infect,  of  Colorado  River  at  Anstin,  Texaa^for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  July. 

Aag. 

Sept. 

Oct. 

Nov. 

Dec. 

1    

2.50 
2.40 
2.40 
2.60 
2.40 
2.40 
2.50 
2.40 
2.60 
2.50 
2.50 
2.40 

2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.80 
2.30 
2.20 
2.20 
2.10 
2.00 

2.10 
2.20 
2.60 
2.60 
2.60 
2.60 
2.40 
2.80 
2.20 
2.20 
2.10 
2.20 
2.10 
2.00 
2.00 
2.10 
2.00 
2.00 
2.10 
2.30 
2.80 
2.40 
2.50 
2.60 
2.60 
2.80 
2.90 
8.00 
2.90 
2.80 
2.70 

2.70 
2.80 
2.90 
8.10 
8.40 
6.60 
82.70 
14.70 
10.60 
10.40 
9.70 
9.40 
9.30 
9.00 
8.60 
8.50 
8.40 
8.20 
8.10 
8.00 
7.70 
7.60 
7.60 
7.40 
7.80 
6.00 
5.60 
4.90 
4.60 
4.80 

4.00 
4.50 
5.00 
10.00 
11.60 
6.00 
4.50 
4.10 
5.50 
4.90 
4.40 
4.50 
4.10 
4.20 
4.60 
7.00 
7.00 
5.50 
4.90 
4.80 
4.50 
4.40 
4.20 
5.20 
4.50 
4.80 
4.90 
6.00 
6.00 
6.00 
5.00 

4.70 
5.00 
5.60 
5.00 
4.80 
4.10 
8.70 
8.60 
3.60 
8.20 
8.10 
8.00 
8.00 
3.10 
3.00 
2.80 
2.80 
2.70 
2.60 
2.70 
2.70 
2.60 
2.50 
2.60 
2.60 
2.50 
2.40 
2.40 
2.45 
2.30 

2.30 
2.80 
2.80 
2.85 
2.85 
2.45 
2.85 
2.80 
2.80 
2.20 
2.20 
2.40 
2.30 
2.25 
2.40 
2.40 
8.77 
5.40 
8.15 
9.40 
6.75 
4.75 
8.95 
3.55 
8.25 
3.30 
3.05 
8.00 
3.30 
3.85 
3.15 

8.00 
8.05 
3.10 
3. 60 
4.90 
4.80 
4.05 
4.75 
5.60 
4.75 
4.86 
4.15 
4.40 
8.65 
8.80 
3.15 
3.05 
2.90 
2.85 
2.70 
2.60 
2.50 
2.45 
2.40 
2.85 
2.80 
2.20 
2.20 
2.20 
2.20 
2.65 

2.85 
2.30 
2.80 
2.45 
2.40 
2.40 
2.35 
2.80 
2.40 
2.40 
2.50 
2.60 
2.50 
8.35 
2.75 
2.60 
2.85 
2.25 
2.20 
2.10 
2.10 
2.10 
2.45 
7.40 
19.60 
17.60 
21.95 
21.80 
11.90 
7.05 

6.20 
6.70 
5.30 
5.05 
4.70 
4.45 
4.40 
4.25 
4.05 
3.95 

aoo 

3.80 
3.70 
8.60 
8.60 
8.60 
3.50 
3.50 
3.40 
3.40 
8.55 
4.60 
4.70 
4.70 
5.40 
4.65 
4.25 
3.95 
3.75 
4.40 
5.20 

4.15 
8.90 
7.25 
6.00 
4.55 
4.15 
3.80 
8.65 
8.50 
3.40 
8.80 
8.25 
8.20 
8.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
8.10 
8.10 
4.85 
5.60 
3.60 
3.85 
3.20 
8.20 
3.10 

3.05 

2 

3 

3.00 
3.00 

4 

3.00 

5 

3.00 

6 

3.00 

1    ................... 

2.90 

8 

2.90 

9 

2.90 

10 

2.9i3 

11 

2.90 

12 

2.90 

18 

2.60 

2.00 

8.00 

14 

2.70 
8.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.50 
2.50 
2.60 
2.70 
2.50 

1.90 
1.90 
2.00 
2.10 
2.00 
2.00 
1.90 
1.90 
1.80 
1.90 
1.90 
2.00 
2.10 
2.10 
2.20 

3.00 

15 

8.00 

16 

8.05 

17 

8.10 

18 

8.10 

IP 

3.00 

20   

2.95 

21 

2.90 

22 

2.90 

28 

2.90 

24 

2.90 

^ 

2.80 

36 

2.80 

27 

2.80 

28' 

2.  HO 

29 

80 

2.80 
2.80 

31 

2.80 

BARTON  SPRINGS,  TEXAS. 

These  springs  are  about  2  miles  southwest  of  the  court-house  in 
the  city  of  Austin.  Their  flow  was  formerly  so  great  that  two  mills 
were  operated  on  the  right  or  southwest  bank  of  the  creek  formed  by 
them.  The  upper  springs  come  out  of  several  fissures  or  faults  in  the 
limestone  rock  on  the  right  side  of  the  creek  and  supply  probably 
half  of  the  total  flow.  Another  spring  is  on  the  left  side  of  the  creek, 
a  short  distance  below  the  upper  springs,  and  its  flow  has  been  unfail- 
ing. The  third  spring  is  on  the  right  side  of  the  creek,  and  it  was 
formerly  utilized  to  run  the  Walsh  mill.  It  had  been  dry  for  several 
years,  but  early  in  1900  it  began  to  flow  again.  The  flow  of  the  creek 
to  which  the  springs  give  rise,  and  which  empties  into  Colorado  River 
at  Austin,  has  responded  sympathetically  to  the  rainfall  in  the 
Edwards  Plateau.  In  1894  and  1895  C.  C.  Babb  made  measurements 
of  its  flow  and  found  a  discharge  of  17  and  25  second-feet,  respect- 
ively. In  1898  Thomas  U.  Taylor  measured  the  flow  and  found  the 
following  discharges:  March  26,  20  second-feet;  May  3,  30  second-feet. 
On  August  31,  1900,  the  flow  had  increased  to  69  second-feet,  aad  on 
December  21,  1900,  it  was  found  to  be  32.5  second-feet. 


BLANCO  RIVER,  TEXAS. 

Blanco  River  rises  in  Kendall  County,  flows  easterly  for  60  miles, 
and  then  turns  southeast  and  flows  into  San  Marcos  River  4  miles 
below  San  Marcos.     In  dry  years  its  flow  ceases  and  water  stands  in 
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pools,  but  in  3'ears  of  average  rainfall  it  has  a  small  flow,  except  in 
time  of  flood.  On  December  24,  1900,  it  was  measured  at  Ware's 
ford,  2  miles  east  of  San  Marcos,  by  Thomas  U.  Taylor,  and  a  flow 
of  15  second-feet  was  found.  On  the  same  date  San  Marcos  River 
was  measured  bj^  Mr.  Taylor  at  the  Westerfield  ford,  and  a  discharge 
of  157  second-feet  was  found. 

COMAL   RIVER,  TEXAS. 

The  mountains  of  the  Edwards  Plateau  terminate  about  a  mile  north- 
west of  New  Braunfels,  and  from  the  flssures  at  the  foot  of  the  bluffs 
the  celebrated  springs  that  form  Comal  River  gush  forth.  The  waters 
have  been  used  for  power  since  1860,  but  it  is  only  since  1880  that  sys- 
tematic methods  have  been  used.  At  present  the  waters  are  all  used 
by  the  Landa  and  Faust  mills.  The  Landa  mill  is  about  a  half  mile 
from  the  main  springs,  and  is  located  near  the  banks  of  a  dr}^  branch  of 
Comal  River.  A  gravel  dam  deflects  a  large  percentage  of  the  water 
from  Comal  Springs  Creek  into  th^  Landa  mill  race.  The  Faust  mill 
is  a  half  mile  below  the  Landa  mill,  and  is  north  of  the  court-house  at 
New  Braunfels.  Comal  River  is  the  most  unique,  picturesque,  and 
reliable  sti*eam  in  Texas.  Its  flow  is  reasonably  uniform,  and  it  has 
a  fall  of  43  feet  in  its  length  of  2  miles.  From  the  surface  of  Lake 
Comal  (formed  by  the  gravel  dam  referred  to)  to  the  surface  of  Landa's 
mill  pond  there  is  a  fall  of  2  feet;  at  Landa's  mill  there  is  a  fall  of  22 
feet;  from  the  tailrace  of  Landa's  mill  to  the  surface  of  Faust  Lake 
there  is  a  fall  of  3  feet;  at  the  Faust  dam  there  is  a  fall  of  8  feet;  and 
from  the  latter  dam  to  the  Guadalupe  there  is  a  fall  of  nearly  10  feet. 
In  1882  the  flow  was  measured,  independently,  by  two  civil  engineers, 
by  the  use  of  floats,  and  each  found  a  discharge  of  375  second-feet. 
From  that  time  until  1899  there  was  a  gradual  decrease  of  flow,  the 
minimum,  from  the  best  evidence  obtainable,  being  290  second- feet. 
Early  in  1900,  however,  the  flow  of  Comal  River,  like  that  of  all  of  its 
sister  springs  in  the  Edwards  Plateau,  increased  to  its  former  volume 
of  twenty  years  ago. 

On  December  25,  1900,  when  it  was  certain  that  the  power  plants 
would  be  idle,  Thomas  U.  Taylor  visited  Comal  River,  in  order  to 
obtain  a  measurement  of  the  flow  that  would  be  uninfluenced  by 
the  drafts  for  power  purposes.  The  sections  selected  were  on  the 
Landa  raceway,  about  50  yards  below  tlie  gravel  dam,  and  on  Comal 
Springs  Creek,  275  yards  below  the  dam.  The  joint  discharge  was 
found  to  be  374  second-feet,  the  full  capacity  of  the  springs.  On 
December  26  the  flow  was  again  measured  at  the  same  section,  with 
all  of  the  mills  running,  and  a  discharge  of  272.6  second-feet  was 
found.  The  level  of  the  water  in  the  race  at  the  section  selected  was 
not  affected  by  shutting  oiOf  the  power. 

Records  have  been  kept  of  the  flow  of  the  river  over  a  weir  in  the 
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lower  or  Clements  dam,  from  which  the  following  calculations  of 
discharge  were  made : 

Discharge  measurements  of  Comal  River  over  weir  at  Clements  dam^  1900, 

Sec.-ft 

JaDnar7  20 301 

February^ 283 

February22 _  305 

MarchS 335 

March  13 328 

MarchlS - 326 

Aprill 324 

April  15 329 

May  13 483 

June  5... 372 

Guadalax)e  River  was  measured  September  20,  1900,  by  Thomas  U. 
Taylor,  at  the  railroad  bridge  at  New  Braunfels,  and  a  discharge  of 
653  second-feet  was  found. 

SAN  ANTONIO   RIVER,   TEXAS. 

San  Antonio  River  rises  about  3  miles  north  of  the  mission  of  San 
Fernando,  the  geographic  center  of  the  city  of  San  Antonio.  To  better 
control  and  utilize  the  waters  of  the  river,  two  canals,  an  upper  and 
a  lower,  were  constructed  in  1878  and  1881,  respectively.  A  power 
house  was  built  on  each  canal,  and  they  are  known  as  the  upi)er  and 
lower  power  houses.  The  fall  at  the "  upper  power  house  is  about  7 
feet,  that  at  the  lower  power  house  12  feet,  while  at  Guenther's  upper 
and  lower  mills  the  fall  is  3.5  feet  and  6  feet,  respectively.  In  1896 
the  flow  of  San  Antonio  Springs  became  so  low  that  the  mills  were 
abandoned.  Previous  to  this,  in  1895,  an  auxiliary  steam  plant  of 
130  horsepower  was  put  in  at  the  lower  power  house.  The  water  at 
these  power  stations  was  pumped  from  artesian  wells — one  12-inch  at 
the  upper  station  and  one  12-inch  and  three  8-inch  at  the  lower  sta- 
tion. In  1891  a  steam  and  electric  power  plant  was  constructed  on 
the  banks  of  the  river,  near  Commerce  street,  where  there  are  four 
8-inch  wells  and  three  12-inch  wells. 

In  December,  1895,  the  flow  of  San  Antonio  River  at  the  head 
gate  of  the  lower  canal  was  measured  by  C.  C.  Babb,  and  a  discharge 
of  34.3  second-feet  was  found,  to  which  should  be  added  1.2  second- 
feet  for  the  leakage  through  the  dam,  and  4  second-feet  for  the 
diversion  through  the  upper  labor  ditch,  making  a  total  of  nearly 
40  second-feet.  On  the  same  date  Mr.  Babb  measured  the  flow  of 
San  Pedro  Springs  and  found  a  discharge  of  9  second-feet.  On 
November  30,  1896,  Mr.  Babb  again  made  measurements  and  found 
the  discharge  of  San  Antonio  River  and  San  Pedro  Springs  to  be 
29  second-feet  and  11.7  second-feet,  respectively.  On  December 
30,  1897,  the  flow  of  San  Antonio  River  was  measured  by  Thomas 
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U.  Taylor  at  the  footbridge  leading  from  the  hot  wells  to  San  Jose 
Mission,  and  a  discharge  of  11  second-feet  was  found.  In  March, 
1898,  it  was  again  measured  at  the  same  place  and  a  discharge  of  9 
second-feet  was  found,  and  in  June,  1899,  the  discharge  was  10 
second-feet,  all  of  which  came  from  San  Pedro  Springs. 

An  indication  of  the  stage  of  the  underground  water  can  be  obtained 
from  the  record  of  the  water  level  in  the  standpipes  at  the  waterworks 
on  Commerce  street  and  at  the  upper  power  house.  These  stand- 
pipes  are  connected  to  the  artesian  wells.  The  standpipe  at  the  Com- 
merce street  works  is  about  50  feet  high.  Following  is  a  record  of 
the  heights  of  the  water  in  this  standpipe.  The  datum  at  this  station 
is  the  bottom  of  the  standpipe. 

Heights  of  water  in  Commerce  street  standpipe. 


Date. 


May,18B3 

December  6,  ld97 

April,  1898 

April 89,1900  .... 


Heisrht. 


Feet. 
42.10 
33.80 
31.60 
18.00 


Date. 


May  1, 1900. 
May  5, 1900. 
May  9, 1900. 
May  22. 1900 


Height. 


Feet. 
44.10 
45.10 
46.20 
47.10 


The  record  of  the  standpipe  at  the  lower  power  house  is  as  follows 
Heights  of  water  in  standpipe  at  lotcer  power  house. 


Date. 


1900 

Janaary  I 

February  1 

Marchl 

Aprill 

Mayl 

May  24 

June  I 


Height. 


Feet. 
1.8 
6.76 
18.76 
13.77 
15.67 
18.74 
17.99 


Date. 


Height. 


1900. 

Julyl 

AngUBt  1 

September  8 

October  1 

November  1 

December  1 


Feet. 
14.65 
12.67 
12.10 
11.47 
11.88 
10.51 


It  is  well  to  note  that  the  dates  of  low  and  flush  water  at  San  Antonio 
correspond  exactly  with  those  at  Uvalde. 

During  the  latter  part  of  the  year  1899  the  river  revived,  and  in 
1900  the  following  measurements  were  made  by  Thomas  U.  Taylor: 

Discharge  measurements  of  San  Antonio  River  and  its  tributaries. 


Date. 


1900. 
September  12. 
September  18. 
September  19 . 


Do. 


stream. 


San  Antonio  River. 

do 

San  Pedro  Creek  . . . 


San  Pedro  ditch. 


Locality. 


At  hot  wells 

do 

Near  street-car  croming  about  100  yards 

below  lower  or  large  pool. 
do 


Dis- 
charge. 

Sec.-ft. 
125.0 
124.2 
1.6 

7.0 


The  last  two  measurements  were  made  early  in  the  morning,  in 
order  to  ascertain  the  free  flow  of  the  springs  unmodified  by  the 
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dams.  At  the  time  of  measurement  the  water  had  been  jflowing  unin- 
terruptedl}'  over  the  two  small  dams  at  the  head  of  the  ditch  and  the 
river  for  from  twelve  to  fourteen  hours.  There  is  a  head  gate  on  the 
river  which  can  be  raised  and  lowered  at  will  in  order  to  flush  or 
scour  out  the  pools. 

On  September  19, 1900,  the  flow  at  the  head  gate  of  the  lower  canal, 
where  Mr.  Babb  measured  it  in  1895,  was  again  measured.  The 
water  at  this  point  flows  under  an  arched  stone  conduit  of  20  feet 
span.  A  wooden  strip  is  embedded  in  the  cement  floor  of  the  canal. 
The  depth  of  the  water  over  the  wooden  strip  was  38^  inches,  and  a 
flow  of  94  second-feet  was  found.  On  November  29,  1900,  the  depth 
of  water  was  28.8  inches,  and  a  flow  of  59  second-feet  was  found. 

LBONA  RIVER  AT  UVALDE,  TEXAS. 

The  behavior  of  this  river  has  been  so  irregular  for  several  years 
that  a  recapitulation  of  some  of  the  data  heretofore  published  is  of 
special  interest  in  connection  with  the  new  data  presented  herewith. 

Leona  Spring  is  situated  in  the  suburbs  of  Uvalde.  It  was  dry  in 
1886,  but  soon  after  it  revived  and  continued  to  flow  until  1893,  when 
it  ceased  flowing  and  has  been  dry  since.  In  1893  a  pumping  station 
was  located  on  the  banks  near  the  spring,  but  when  the  spring  failed 
the  pumping  plant  was  transferred  to  its  present  location,  within  150 
yards  of  the  court-house.  At  the  new  station  a  pit  15  feet  by  15  feet 
was  excavated  to  a  depth  of  24  feet,  and  the  pumps  were  placed  in 
its  bottom,  a  well  4  feet  by  7  feet  having  been  sunk  in  the  bottom  of 
the  pit  to  a  depth  of  16  feet,  or  to  the  40-foot  level  below  the  ground 
surface,  out  of  which  water  was  pumped  to  a  standpipe.  At  first  the 
water  in  this  well  rose  to  within  35  feet  of  the  surface,  but  in  Decem- 
ber, 1897,  it  was  noticed  that  the  supply  was  failing.  In  May,  1898, 
the  supply  continuing  to  fail,  a  second  pit  10  feet  by  10  feet  by  9  feet 
deep  was  excavated  on  the  southwest  side  of  the  first  or  main  pit, 
and  a  well  was  sunk  to  a  depth  of  63  feet  below  the  surface  of  the 
ground.  The  pumps  were  then  placed  in  the  new  pit,  making  their 
position  about  33  feet  below  the  surface.  In  January,  1899,  the  M'ater 
level  had  fallen  so  low  that  it  was  necessarj^  to  bore  three  wells  in  the 
pump  well  to  a  depth  of  30  to  35  feet,  reaching  a  total  depth  of  98 
feet  below  the  ground  surface.  In  June,  1899,  after  the  heavj^  rains 
over  southwest  Texas,  known  as  the  Brackett  flood,  the  water  was 
standing  at  about  the  93-foot  level  and  was  slowly  rising.  On  Sep- 
tember 16,  1900,  the  water  had  risen  to  within  2  feet  of  the  pumps, 
or  to  the  35-foot  level;  that  is,  the  water  had  risen  about  58  feet  in 
fifteen  months,  or  nearly  4  feet  a  month,  and  on  December  1,  1900, 
it  had  reached  the  pumps  and  arrangements  were  made  to  raise  them. 
Accurate  measurements  during  September,  1900,  showed  that  the 
water  in  the  wells  was  at  that  time  rising  at  the  rate  of  4  inches  a 
month. 
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i^etween  Leona  Spring  and  the  brickyard  crossing  on  the  road  from 
Uvalde  to  Pearsall  there  are  several  small  springs,  the  largest  being 
Mulberry  Spring,  which  during  the  early  part  of  1900  was  flowing;  in 
September,  1900,  its  flow  had  ceased,  and  on  December  1, 1900,  it  had  a 
flow  of  about  1  second-foot.  In  1895  C.  C.  Babb  found  a  discharge  at 
the  brickyard  crossing  of  11  second-feet ;  but  when  the  spring  was  visited 
by  Thomas  U.  Taylor  in  June,  1899,  the  river  at  the  ford  was  dry,  and 
there  was  no  water  flowing  between  IJvalde  and  Fort  Inge,  4  miles 
below  Uvalde.  On  September  17,  1900,  Mr.  Taylor  found  a  flow  at 
the  brickyard  crossing  of  5  second-feet. 

NUBCBS  RIVER,  TEXAS. 

The  two  main  forks  of  Nueces  River  rise  in  Edwards  County,  Texas, 
and  flow  south  through  the  rugged  mountains  of  the  Edwards  Plateau, 
uniting  about  14  miles  from  Uvalde  and  about  6  miles  above  the  cross- 
ing of  the  Southern  Paciflc  Railroad.  On  their  way  through  the 
mountains  both  branches  are  fed  by  springs,  and  there  is  perpetually 
rnnning  water  in  the  streams,  which  begin  to  flow  about  12  miles 
south  of  Rock  Springs  and  continue  to  flow  until  their  junction  at  the 
foot  of  the  Edwards  Plateau.  At  about  the  junction  of  the  streams 
the  usual  flow  sinks  into  gravel  beds,  occasionally  reappearing  in  big, 
clear  pools  at  points  where  the  gravel  has  been  washed  off  from  the 
solid  bed-rock  bottom.  Four  or  5  miles  below  the  Southern  Paciflc 
Railroad  bridge  flowing  water  again  appears,  the  stream  along  its 
lowland  course  being  fed  by  numerous  springs.  On  September  17, 
1900,  Thomas  U.  Taylor  made  a  measurement  of  the  flow  about  5 
miles  below  the  railroad  crossing,  and  a  discharge  of  18  second-feet 
wa.s  found. 

There  are  a  few  irrigated  farms  along  the  Nueces.  Mr.  J.  H.  Eth- 
ridge,  of  Montell,  Uvalde  County,  Texas,  is  the  owner  of  the  Casa 
Blanca  irrigation  and  mill  ditch,  which  was  constructed  in  1893. 
This  ditch  is  2^  miles  long,  7  feet  deep  for  the  flrst  half  mile,  and  2  to 
3  feet  deep  the  rest  of  the  way.  Water  is  diverted  from  Nueces  River 
by  means  of  a  dam  of  loose  rock  which  raises  the  level  of  the  water  in 
the  river.  Six  miles  below  the  Southern  Pacific  Railroad  bridge  Pat- 
rick Dolan  has  introduced  a  15-hor8epower  gasoline  engine  with  which 
he  irrigates  his  orchards  and  gardens,  pumping  water  from  the  river. 
The  cost  of  the  outfit  was  $735,  but  Mr.  Dolan  finds  that  with  the 
present  high  price  of  gasoline  (18  cents  a  gallon)  irrigation  by  that 
means  is  too  costly.  His  experience  is  that  with  gasoline  at  12  cents 
a  gallon  irrigation  by  pumping  can  be  made  to  pay  in  that  section  of 
the  country.  At  Cotulla  Mr.  George  Copp  uses  a  duplex  pump  having 
a  6-inch  suction  and  a  4-inch  discharge,  with  a  12-horsepower  steam 
engine.  Ho  irrigates  100  acres  and  raises  a  very  fine  quality  of  Ber- 
muda onions  for  a  spring  crop  and  tomatoes  for  a  fall  crop. 
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LOS  MORAS  CREEK,  TEXAS. 

Los  Moras  Creek  rises  at  Brackettville,  near  Fort  Clark,  in  Kinney 
County,  Texas,  about  7  miles  north  of  the  Southern  Pacific  Railroad. 
On  December  24,  1895,  the  flow  was  measured  by  C.  C.  Babb,  about 
300  yards  below  the  dam,  under  the  footbridge  leading  from  the  town 
to  the  military  post,  and  a  discharge  of  21  second-feet  was  found.  On 
June  30, 1899,  it  was  measured  at  Mulligans  Bend,  about  a  fourth  of  a 
mile  east  of  the  court-house  at  Brackettville,  by  Thomas  U.  Taylor, 
and  a  flow  of  60  second-feet  was  found;  and  on  September  13,  1900,  a 
flow  of  51  second-feet  was  found  at  the  same  place.  The  increase  in 
the  flow  was  due  probably  to  the  increased  rainfall  along  the  Southern 
Pacific,  which  skirts  the  foothills  of  the  Edwards  Plateau. 

On  June  14,  1898,  occurred  the  biggest  flood  in  the  history  of  Kin- 
ney County,  and  extending  over  the  country  from  Spofford  to  Del 
Rio.  The  Los  Moras  Mountains,  about  4  miles  a  little  east  of  uoilh 
from  Brackett,  form  a  crescent  in  which  Brackett  and  Fort  Clark  are 
situated,  and  all  of  the  depressions  and  dry  streams  from  these  moun- 
tains converge  toward  the  former  place.  From  11.30  p.  m.  on  June  13, 
1899,  to  about  6  a.  m.  on  June  14,  a  total  rainfall  of  18  inches  fell  at 
Brackett  and  in  the  Los  Moras  Mountains.  By  5  a.  m.  of  the  latter 
day  the  flood  was  upon  the  town,  standing  7.4  feet  deep  in  the  court- 
house, 6.7  feet  in  the  store  of  Roach  &  Company,  9.6  feet  in  the  Terrell 
House,  while  in  the  street  in  front  of  the  hotel  it  was  12.1  feet  deep. 
The  main  channel  of  Los  Moras  Creek,  between  Brackett  and  Fort 
Clark,  was  at  flood  height,  while  the  draw  that  runs  into  the  creek  at 
Mulligans  Bend  was  flooded  to  the  depth  of  30  feet.  The  lowlands 
between  Spofford  and  Brackett  were  flooded  for  miles,  and  the  tracks 
of  the  Southern  Pacific  Railroad  were  wrenched  up  and  twisted  like 
ribbons. 

In  March,  1900,  another  flood  occurred  at  Brackett,  but  the  damage 
was  slight,  the  flood  being  more  than  9.5  feet  below  the  height  attained 
by  the  flood  of  the  previous  June.     Former  floods  occurred  on  May  28, 

1880,  and  on  October  1, 1881.  During  the  1880  flood  the  water  flooded 
the  stores  in  Brackett  and  did  considerable  damage.     On  October  1, 

1881,  there  was  a  rainfall  of  14.2  inches  in  a  few  hours,  and  by  3  a.  m. 
the  town  was  flooded,  and  much  damage  was  done  to  homes  and  to 
business  houses. 

The  waters  of  Los  Moras  Creek  are  used  for  irrigating  farms  and  gar- 
dens within  10  miles  of  Brackett.  The  ditch  nearest  to  Brackett  is  on 
the  west  side  of  the  creek.  It  is  used  by  the  Seminole  Negro  Indians 
on  the  Fort  Clark  Reservation,  and  is  therefore  the  property  of  the 
Government.  It  is  about  1  mile  long,  5  feet  wide,  and  1  foot  deep. 
The  Indelkofer-Gilder  ditch,  also  on  the  west  side  of  the  creek,  diverts 
water  1  mile  below  the  intake  of  the  Seminole  ditch.  It  is  600  feet 
long,  4  feet  wide,  and  1  foot  deep.  The  McGovem  ditch  diverts  water 
from  the  east  side  of  the  creek  a  short  distance  above  the  intake  of 


TEXAS.  345 

the  Indelkofer-Oilder  ditch.  It  is  600  yards  long,  5  feet  wide,  and  1 
foot  deep.  About  6  miles  below  Brackett  two  ditches — the  Smith  and 
the  Stratton — divert  wat<er,  one  from  the  west  and  the  other  from  the 
east  side  of  the  creek.  The  Smith  ditch  is  600  feet  long,  4  feet  wide, 
and  1  foot  deep.  The  Stratton  ditch  is  3  miles  long,  8  feet  wide,  and 
1  foot  deep,  and  irrigates  a  hay  farm  below  the  Southern  Pacific 
Railroad. 

PINTO  CREEK,  TEXAS. 

Pinto  Creek  rises  in  Kinney  County,  Texas,  and  is  about  halfway 
between  Brackett  and  Del  Rio.  At  the  crossing  of  the  Southern  Pacific 
Railroad  it  has  a  sluggish  fiow,  but  the  geologic  formations  and  topog- 
raphy throughout  its  course  are  such  as  to  make  it  susceptible  to  sud- 
den and  great  rises.  Its  flow  was  measured  on  September  15,  1900, 
by  Thomas  U.  Taylor,  at  the  crossing  of  the  Southern  Pacific  Rail- 
road, and  a  discharge  of  38  second-feet  was  found.  The  waters  of 
the  Pinto  have  been  used  for  irrigation,  the  Lower  Pinto  Irrigation 
Company  having  utilized  those  near  the  Rio  Grande.  Their  ditch, 
which  was  constructed  in  1875,  was  10  miles  long,  6  feet  wide,  and  1 
foot  deep,  and  crossed  the  Pinto  by  means,  first,  of  a  siphon  flume, 
and  then  by  a  trestle  flume,  but  these  were  so  difficult  to  maintain,  on 
account  of  the  sudden  floods  to  which  the  creek  is  subject,  that  the 
company  was  forced  to  abandon  the  system. 

MUD  CREEK,  TEXAS. 

Mud  Creek  is  between  Pinto  and  Sycamore  creeks,  in  Kinney  County. 
Its  source  is  about  6  miles  north  of  Amanda,  on  the  Southern  Pacific 
Railroad.  The  stream  is  formed  and  fed  by  springs,  but  its  fiow  is 
not  reliable.  From  1893  to  the  latter  part  of  1899  the  creek  was  prac- 
tically dry,  but  after  the  Brackett  fiood  the  fiow  revived,  and  by  the 
spring  of  1900  there  was  sufficient  water  in  the  creek  to  supply  the 
irrigation  systems,  all  of  which  are  above  the  Southern  Pacific  Rail- 
road. The  ditch  of  the  Mud  Creek  Irrigation  and  Agricultural  Com- 
pany diverts  water  about  3  miles  above  the  railroad,  and  during  the 
season  of  1900  about  400  acres  were  irrigated  by  it. 

SAN  FELIPE  SPRINGS,  TEXAS. 

San  Felipe  Creek  has  its  source  in  four  large  springs,  the  upper  one 
being  2  miles  above  the  railroad  bridge  near  the  town  of  Del  Rio,  the 
others  being  within  about  200  yards  of  the  bridge.  Measurements  at 
the  former  place  in  1895  are  described  in  Bulletin  of  the  United  States 
Geological  Suri'^ey  No.  140,  page  85.  Measurements  made  in  1899  are 
described  in  Water-Supply  Paper  No.  37,  page  277.  On  September 
15,  1900,  Thomas  U.  Taylor  measured  the  outfiow  from  these  springs 
and  found  a  discharge  of  99  second-feet,  and  Madre  ditch,  which 
diverts  water  just  below  the  lower  spring,  was  found  to  be  carrying 
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50  second-feet.    This  makes  the  total  flow  of  the  springs  at  that  time 
149  second-feet. 

RIO  GRANDE. 

The  Rio  Grande  and  its  tribatai:ies  drain  the  mountainous  area  to 
the  south  and  east  of  the  Continental  Divide  in  southwestern  Colo- 
rado, the  principal  streams  flowing  from  the  east  side  of  the  Needle 
Mountains  and  from  the  south  and  east  side  of  the  San  Juan  Range. 
Important  streams  also  flow  from  the  La  Garita  Mountains  in  Saguael  e 
and  Mineral  counties.  The  main  stream  flows  in  an  easterly  direction 
for  about  75  miles,  receiving  numerous  tributaries  from  the  moun- 
tainous region  through  which  it  passes.  At  the  town  of  Del  Noi*te  the 
valley  widens  into  what  is  known  as  San  Luis  Valley,  and  thence 
the  stream  flows  in  a  southeasterly  and  southerly  direction  for  about 
75  miles  more,  to  a  point  about  20  miles  southeast  of  Antonito, 
where  it  crosses  the  State  line.  Below  Del  Norte  few  streams  of 
importance  flow  into  the  river,  for  nearly  all  of  those  that  issue  from 
the  mountains  lose  their  waters  in  the  plains  before  they  reach  the 
main  stream.  This  is  particularly  true  of  the  drainage  north  and 
east  of  the  river,  from  the  Cochetopa  Hills  and  the  Sangre  de  Cristo 
Mountains.  Although  the  streams  flowing  from  them  are  numer- 
ous and  carry  large  volumes  of  water,  yet  they  furnish  no  source 
of  supply  to  the  Rio  Grande  itself,  all  the  water  being  lost  either  in 
the  sands  or  in  broad,  shallow  lakes,  until  Trinchera  Creek,  flowing 
through  the  Costilla  land  grant,  is  reached.  This  stream,  although 
usually  dry,  furnishes  a  supply  at  different  seasons  of  the  year.  On 
the  south  and  west  side  of  the  river,  however,  many  important  streams 
flow  from  the  mountains,,  which  in  their  higher  stages  carry  large 
volumes  of  water  to  the  Rio  Grande.  Among  these  are  the  Alamosa, 
La  Jara,  Conejos,  and  other  creeks  of  lesser  importance.  The  supply 
from  these  streams  also  is  mostly  used  during  the  summer  time,  so  that 
after  the  flood  stages  are  past  little  water  flows  from  any  of  these 
sources  into  the  Rio  Grande.  A  similar  condition  of  affairs  exists  in 
the  Rio  Grande  itself,  as  most  of  the  water  is  used  in  the  upper  part  of 
the  valley,  and  in  the  late  summer  very  little  passes  Alamosa,  below 
which  place  there  are  few  irrigating  canals.  During  the  flood  stages, 
however,  great  volumes  of  water  flow  from  the  Rio  Grande  and  from 
several  of  its  tributaries,  which  might  be  stored  and  used  for  the 
extension  of  the  irrigated  area.  Farming  is  carried  on  extensively 
among  the  upper  valle)'^8  of  several  of  the  streams  issuing  from  the 
mountains  to  the  north  and  east  of  San  Luis  Valley,  but  no  measure- 
ments have  been  made  upon  any  of  these  streams. 

The  study  of  seepage  and  return  waters  resulting  from  irrigation 
furnishes  an  interesting  problem  in  this  valley,  which  Prof.  L.  G. 
Carpenter,  of  Fort  Collins,  has  undertaken  to  study. 

But  three  stations  have  been  maintained  in  San  Luis  Valley,  namely, 
at  Del  Norte  and  at  the  State  line,  on  the  main  Rio  Grande,  and  about 
10  miles  west  of  Antonito,  on  Conejos  River. 
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RIO  GRANDE  NEAR  DEL  NORTE,  COLORADO. 

This  Station  is  about  2  miles  west  of  the  town  of  Del  Norte,  above 
the  main  canal  taking  water  from  the  Rio  Grande.  Continuous  rec- 
ords have  been  kept  here  since  the  fall  of  1889.  The  gage  rod  is  an 
inclined  2-inch  by  6- inch  plank  fastened  to  a  post  driven  into  the 
right  bank  of  the  river.  On  June  16,  1900,  the  gage  rod  was  con- 
nected with  an  iron  bench  mark  of  the  United  States  Greological  Sur- 
vey, set  in  the  ground  about  25  feet  south  of  the  rod,  the  zero  of  the 
rod  being  9.25  feet  below  the  bench  mark.  Gagings  are  made  by 
means  of  a  car  which  travels  across  the  river  along  a  steel  cable,  the 
distance  being  marked  on  a  tag  wire.  The  channel  is  excellent,  the 
water,  although  falling  rapidly,  seldom  scouring,  and  the  bed,  there- 
fore, remaining  practically  the  same  from  year  to  year.  The  bed  of 
the  channel  is  covered  with  small  bowlders  and  the  sides,  although 
not  high,  have  never  been  known  to  overflow.  ITie  observer  is  J.  S- 
Regan,  who  has  kept  the  records  regularly  ever  since  the  station  was 
established. 

A  description  of  this  station  was  published  in  Water-Supply  Paper 
No.  37,  page  277.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  256. 

During  1900  the  following  measurements  were   made  by  A.  L. 

Fellows: 

March  80:  Gtage  height,  1.54  feet;  discharge,  346  second-feet 
May  12:  Gage  height,  8.84  feet;  discharge,  2,441  second-feet 
June  16:  GKige  height,  8.66  feet;  discharge,  2,882  second-feet 
Aagnst  18:  Gage  height,  1.84  feet;  discharge,  221  second-feet. 

Daily  gage  height^  in  feet,  of  Rio  Orande  near  Del  Norte,  Colorado,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 
1.42 

Sept. 

Oct. 

Nov. 

Doc. 

1 

1.58 

1.86 

5.76 

2.42 

1.28 

1.58 

1.50 

1.56 

2 

• 

3 

2.60 

1.84 

1.62 

1.94 

5.26 

2.30 

1.40 

1.32 

1.60 

1.60 

4       

5 

1.66 

2.18 

4.90 

2.26 

1.48 

1.40 

1.56 

1.46 

6 

2.08 

7 

1.70 

2.50 

4.76 

2.08 

1.50 

1.36 

1.54 

1.40 

8 

a  2. 18 

9 

1.56 

2.U2 

4.40 

2.00 

1.42 

1.60 

1.54 

1.44 

10 

2.46 

1.62 

u 

1.52 

3.82 

4.12 

1.94 

1.40 

1.46 

1.52 

1.82 

12 

13 ... 

14 

2.16 

1.58 

3.78 

3.86 

1.86 

1.36 

1.38 

1.50 

1.36 

15 

1.60 

8.64 

3.54 

1.78 

1.S2 

1.32 

1.52 

1.30 

a2.38 

16 

17 

2.58 

1.68 

1.64 

4.62 

8.68 

1.70 

1.32 

1.82 

1.52 

1.32 

18 

19 

1.62 

4.80 

3.32 

1.62 

1.38 

1.30 

1.50 

1.86 

20 

2.14 

21 

1.76 

4.20 

3.18 

1.04 

1.34 

1.30 

1.52 

1.32 

22 

&2.2tt 

23 

1.60 

4.36 

8.10 

1.62 

1.80 

1.30 

1.54 

1.38 

24 

2.18 

1.54 

25 

1.78 

5.14 

3.00 

1.66 

1.80 

1.48 

1.58 

1.30 

as 

••«•*• 

27 

2.64 

1.74 

5.52 

2.76 

1.52 

1.28 

1.56 

1.54 

1.42 

28 

29 

1.82 

5.80 

2.44 

1.48 

1.28 

1.54 

1.52 

1.48 

62.18 

30 

31 

1.'68" 

1  5.62    

1.44 

i.24 

1.48 

..•••• 

a  Ice  gorge  below  gage. 


6  Solid  ice. 
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CONEJOS  RIVER  NEAR  LOS  MOOOTB8,  COLORADO. 

This  river,  the  most  important  tributary  of  the  Rio  Grande  in  Colo- 
rado, rises  on  the  eastern  slope  of  the  San  Juan  Range,  which  forms 
the  western  boundary  of  Conejos  County.  It  first  flows  southeasterly, 
and  then  bends  in  a  northeasterly  direction  at  the  town  of  Conejos, 
and  enters  the  Rio  Grande  below  the  mouth  of  Trinchera  Creek.  The 
entire  normal  flow  of  the  stream  is  used  during  the  irrigation  season; 
but  during  the  flood  stages  and  in  the  winter  considerable  water 
goes  to  waste. 

The  gaging  station,  which  was  established  August  25, 1899,  is  about  10 
miles  west  of  Antonito,  and  is  reached  by  driving  from  that  town.  It 
was  first  located  at  the  wagon  bridge  crossing  the  river,  but  the  rod  at 
that  point  being  maliciously  destroyed,  the  station  was  moved  about 
500  yards  downstream,  where  it  was  attached  to  a  pier  projecting  into 
the  river  near  a  farmhouse.  The  channel  is  fairly  good,  being  of 
gravel,  and  not  particularly  subject  to  change  or  overflow.  Owing  to 
the  removal  of  the  gage  from  its  old  station,  no  rating  table  was  pos* 
sible  for  1899,  and  but  few  measurements  were  made  in  1900.  Records 
were  kept  for  one  month  onl3%  for  the  reason  that  the  observer,  Gus- 
tav  Timm,  moved  away  early  in  the  season,  and  no  one  was  found  to 
make  the  observations. 

San  Antonio  River,  a  branch  of  Conejos  River,  was  measured  twice 
during  the  season,  about  a  half  mile  south  of  Antonito.  The  discharge 
on  May  11  was  473  second-feet,  and  on  June  22  it  was  4  second-feet. 
After  that  the  stream  was  practically  dry. 

A  description  of  the  Los  Mogotes  station  was  published  in  Wat-er- 
Supply  Paper  No.  37,  page  278.  During  1900  the  following  measure- 
ments were  made  by  A.  L.  Fellows: 

March  28:  Gage  height,  1.68  feet;  discharge,  144  second-feet. 
May  11:  Gage  height,  8.10  feet;  discharge,  1,087  secoDd-feet. 
Angnst  17:  Gage  height,  1.15  feet;  discharge,  38  second-feet. 
June  33:  Gage  height,  2.80  feet;  discharge,  467  second-feet. 

Daily  gage  height,  in  feety  of  Conejos  River  near  Los  Mogotes ,  Colorado y  for  1900. 


Day.  . 

Mar. 

Day. 

Mar. 

Day. 

Mar. 

Day. 

Mar. 

1 

2.60 
2.60 
2.62 
2.62 
2.d5 
2.65 
2.30 
2.60 

9 

2.55 
2.45 
1.75 
1.85 
1.85 
1.96 
1.85 
1.85 
1 

17 

1.85 
1.75 
1.70 
1.80 

1.80 ; 

1.80  , 
1.80  ' 

1.80 

1 

26 

1.80 

2 

10 

18 

26 

1.80 

8 

11 

19 

27 

1.80 

4 

12 

20 

28 

1.85 

5 

13 

21 

22 

29 

1.80 

6 

U 

30 

1.75 

7  

15 

23 

24 

31 

1.96 

8 

16 

RIO   GRANDE   AT  CENICERO,  COLORADO. 

This  Station  is  a  short  distance  above  the  Colorado  State  line,  at  a 
point  where  the  river  is  crossed  by  a  wagon  bridge.     Gagings  were 
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began  July  28,  1899,  since  which  time  continuous  records  have  been 
kept.  There  are  two  gage  rods,  one  for  high  water  and  the  other  for 
low  wat'Cr.  The  high- water  rod  is  a  2-inch  by  6-inch  timber  attached 
to  the  west  side  of  the  central  downstream  cylinder  of  the  bridge. 
The  low- water  rod  is  a  scale,  marked  in  feet  and  tenths,  on  the  per- 
pendicular face  of  a  large  bowlder  about  a  hundred  yards  below  the 
bridge.  The  channel  is  in  most  respects  an  excellent  one.  The  bed 
consists  of  bowlders  and  rock,  and  is  subject  to  little  change;  the 
banks  are  high  and  are  not  subject  to  overflow.  Gagings  can  be  made 
at  the  bridge,  but  during  low  water  they  are  usually  made  by  wading. 
On  June  22,  1900,  both  gages  were  referred  to  a  bench  mark  consist- 
ing of  a  chiseled  point  marked  "  B.  M."  on  the  face  of  the  lava  bluff 
under  the  west  end  of  the  bridge,  7.42  feet  above  gage  datum.  The 
station  is  an  extremely  important  one,  giving,  as  it  does,  the  discharge 
of  the  river  at  the  Colorado  State  line,  including  practically  all  of  the 
Colorado  drainage.  Roman  Mondragon,  who  keeps  a  store  at  the  west 
end  of  the  bridge,  has  kept  the  records  during  the  last  year. 

A  description  of  this  station  was  published  in  Water-Supply  Paper 
No.  37,  page  279.  The  results  of  measurements  for  1899  will  be  found 
in  the  Twenty-first  Annual  Report,  Part  IV,  page  257.  During  1900 
the  following  measurements  were  made  by  A.  L.  Fellows: 

March  29:  Gage  height,  1.60  feet;  discharge,  286  second-feet. 
June  22:  Qtkge  height,  1.80  feet;  discharge,  420  second-feet. 
May  10:  Gage  height,  2  feet;  discharge,  694  seoond-feet 
August  16:  Gage  height,  0.75  foot;  discharge,  18  second-feet. 

Daily  gage  height,  in  feet,  of  Rio  Grande  at  Cenicero,  Colorado,  for  1900, 


Day. 

Jan. 

Feb.' 

Mar. 

Apr. 

May. 

1 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.6 
2.3 
2.0 
2.0 
2.0 
2.6 
2.0 

2.0 
2.0 
2.3 
2.0 
2.0 
2.0 
2.0 
2.6 
2.6 
2.0 
2.0 
2.0 
2.0 
2.0 
.9 
.8 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.6 

2.5 
2.6 
2.6 
2.4 
2.1 
2.1 
2.1 
2.2 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.6 
1.6 
1.8 
1.8 
1.8 
1.9 
1.9 
1.8 
1.8 

1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
2.0 
2.1 
Z.2 
2.7 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
3.0 
3.1 
3.8 
3.5 
3.3 
8.1 
3.1 
3.4 
3.9 
4.4 
4.8 
1    5.0 
6.0 

5.0 
4.8 
4.7 
4.6 
4.5 
4.2 
4.0 
3.9 
3.8 
3.8 
3.7 
8.6 
3.2 
3.0 
2.9 
2.7 
2.5 
2.4 
2.2 
2.0 
1.9 
1.8 
1.8 
1.6 
1.6 
1.5 
1.5 
1.4 
1.8 
1.2 

1.1 

1.0 

1.0 

.9 

.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 

0.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.7 

0.7 
.7 
.8 
.8 
.9 
.9 
.9 
.9 
.9 

1.0 
.9 

1.0 

1.0 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 

:l 

.9 
.9 
.9 
.9 

:§ 

.9 

1 

0.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.3 
1.9 
1.8 
1.8 
1.7 
1.6 
1.6 
1.6 
1.7 
1.5 
1  5 
1.8 

1.8 

2 

1.8 

3 

1.8 

i 

1.9 

5 

1.9 

6 

2.0 

•* 

2.0 

8 

2.0 

9 

2.0 

10 

2.0 

11 

12 

2.0 
2.0 

13 

2.0 

U 

2.0 

15 

2.0 

16 

i; 

2.0 
2.0 

1» 

2.0 

19 

2.0 

8) 

2.0 

21 

2.0 

22 

2.0 

23 

2.0 

24 

2.0 

S 

2.0 

26 

2.0 

27 

2.0 

28 

2.0 

29 

30 

2.0 
2.0 

31 

2.0 
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RIO  GRANDE  AT  EMBUDO,   NEW  MEXICO. 

This  station,  established  in  1889,  is  about  300  feet  east  of  the  rail- 
road station  at  Embudo.  It  is  described  in  Water-Supply  Paper  No. 
37,  page  280.  The  results  of  measurements  will  be  found  as  follows: 
For  1896,  Eighteenth  Annual  Report,  Part  IV,  page  251;  for  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  385;  for  1889  to  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  366;  for  1899,  Twenty-first  Annual 
Report,  Part  IV,  page  258.  During  1900  the  following  measurements 
of  discharge  were  made  by  P.  E.  Harroun : 

Discharge  measurements  of  Rio  Orande  at  Embudo,  New  Mexico, 


Date. 


1900. 

April  10 

April  21 

May  83 

Mayao 

Jane  6 

June  15 

June  22 


Gaffe 
hei^t' 

Dis- 
charge. 

Feet. 
7.90 

8ec.-fL 

7.66 

485 

11.00 

8,581 

11.70 

6,139 

11.20 

4,786 

10.20 

2.375 

8.66 

840 

Date. 


1900. 

Jane  27 

AagastS , 

Aoga8t20 

September  25 

November's 

December  4 


Dis- 
charge. 


Sec-ft. 
687 
V9 
167 
244 


85S 


Daily  gage  height,  in  feet,  of  Rio  Ghxinde  at  Embudo,  New  Mexico,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aag. 

Sept 

Oct. 

Nov. 

Dec 

1 

7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.65 
7.60 
7.50 
7.60 
7.60 
7.66 
7.70 
7.80 
7.80 
7.80 
7.86 
7.90 
7.90 
7.90 
7.86 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.85 

7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.85 
7.90 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 

7.90 
8.05 
8.40 
8.86 
8.80 
8.30 
8.80 
8.30 
8.30 
8.30 
8.30 
8.80 
8.30 
8.30 
8.30 
8.80 
8.30 
8.30 
8.30 
8.30 
8.05 
8.00 
7.90 
7.86 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 

7.80 
7.80 
7.80 
7.80 
7.80 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.75 
7.70 
7.60 
7.80 
7.60 
7.60 
7.60 
7.70 
7.75 
7.80 
7.80 
7.80 
7.80 

7.80 

7.90 

8.10 

8.15 

8.20 

8.25 

8.26 

8.20 

8.46 

8.90 

9.86 

9.60 

9.95 

10.10 

10.10 

10.10 

10.00 

9.90 

10.80 

11.30 

10.46 

U.15 

11.00 

10.80 

10.80 

10.90 

11.35 

11.66 

11.75 

12.00 

11.05 

11.90 

11.75 

11.66 

11.46 

11.40 

11.85 

11.80 

11.80 

11.20 

11.20 

11.00 

10.86 

10.60 

10.86 

10.20 

10.05 

0.60 

9.20 

9.06 

8.85 

8.65 

8.50 

8.50 

8.40 

8.25 

8.10 

8.00 

7.90 

7.80 

7.80 

7.75 

7.70 
7.70 
7.75 
7.76 
7.70 
7.70 
7.60 
7.66 
7.45 
7.80 
7.20 
7.20 
7.20 
7.16 
7.10 
7.10 
7.10 
7.10 
7.00 
7.00 
7.00 
7.05 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 

7.10 
7.10 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
6.96 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.00 
6.90 
6.90 

6.90 
6.90 
7.60 
7.45 
7.40 
7.20 
7.15 
7.10 
7.10 
7.10 
7.10 
7.80 
7.40 
7.35 
7.25 
7.30 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.10 
7.16 
7.20 
7.20 
7.20 
7.20 
7.20 

7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.30 
7.80 
7.80 
7.80 
7.30 
7.30 

7.30 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.30 
7.30 
7.30 
7.80 
7.30 
7.80 
7.80 
7.80 
7.80 
7.80 
7.86 
7.40 
7.60 
7.65 
7.60 
7.60 
7.60 
7.60 
7.65 
7.75 
7.» 
7.75 
7.70 

7.60 

2 

7.56 

8 

7.45 

4 

7.40 

5 

7.40 

6 

7.40 

7 

7.40 

8 

7.40 

0 

7.80 

10.... 

7.30 

11 

7.30 

12 

7.  as 

13 

7.45 

14 

7.55 

15 

7.00 

16 

7.00 

17 

7.60 

18 

7.60 

19 

7.60 

20 

7.55 

21 

7.  SO 

22 

7.50 

23 

7.50 

24 

7.50 

26 

7.50 

28. 

7.50 

27 

7.55 

28 

7.00 

20 

30 

81 

7.m 

7.60 
7.60 

RIO   GRANDE   AT  RIO   GRANDE,  NEW  MEXICO. 

This  3tation,  established  February  3,  1895,  is  about  one-fourth  of  a 
mile  above  the  railroad  station  at  Rio  Grande,  and  at  the  head  of 
White  Rock  Canyon.     It  is  described  in  Water-Supply  Paper  No.  37, 
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page  281.  Results  of  measurements  will  be  found  as  follows:  For 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  254;  for  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  386;  for  1898,  Twentieth  Annual 
Report,  Part  IV,  page  370;  for  1899,  Twenty-first  Annual  Report, 
Part  IV,  page  259.  During  1900  the .  following  measurements  were 
made  by  P.  E.  Harroun : 


Ditteharge  measurements  of  Rio  Grande  at  Rio  Orande,  New  Mexico, 


Date. 


Gage 

hei^t. 


1000. 

Apra9 

April  20 

May  22 

May  29 

Jane6 

Jane  13 


Feet. 
6.00 
5.70 
9.80 
10.20 
10.00 
8.40 


Dia- 
oharge. 


Sec.-ft. 


m 


4,790 
6,184 
6,064 
8,260  . 


Date. 


heigH 


1900. 

June  21 

June  26... 

AagtX8t2 

November  10... 
December  6 


Feet. 
6.86, 
5.60 
4.10 
5.00 
6.10 


Dis- 
cbarge. 


Sec'ft. 
1,096 
663 
168 
3S6 
464 


Daily  gage  height,  in  feet,  of  Rio  Orande  at  Rio  Grande,  New  Mexico,  for  1900, 


Day. 

Jan. 

Feb. 

6.50 
5.60 
6.60 
6.50 

Mar. 

6.70 
6.66 
6.90 
6.90 
6.16 
6.25 
6.16 
6.00 
6.00 
6.00 
6.00 
6.26 
6.36 
6.60 
6.85 
6.66 
6.46 
6.40 
6.20 
5.05 
5.95 
6.95 
5.86 
6.85 
5.80 
6.75 
5.65 
5.76 
5.65 
5.55 
5.66 

Apr. 

6.76 
5.90 
6.25 
6.00 
6.00 
6.10 
5.95 
6.00 
6.10 
6.05 
6.85 
5.80 
5.75 
5.80 
6.95 
5.96 
6.85 
5.85 
5.75 
6.75 
5.90 
6.76 
6.60 
6.35 
6.26 
6.15 
6.00 
6.20 
6.60 
6.25 

May. 

June. 

10.45 
10.40 
10.30 
10.20 
10.00 
9.56 
9.80 
9.16 
8.90 
8.86 
8.80 
8.60 
8.35 
8.05 
7.55 
7.45 
7.15 
6.06 
6.65 
6.85 
6.25 
6.15 
6.40 
6.85 
5.90 
6.70 
6.45 
5.35 
5.16 
5.80 

July. 

Aug. 

Sept. 

Oct. 

4.80 
4.80 
4.90 
4.90 
4.80 
4.80 
4.75 
4.76 
4.76 
4.70 
4.70 
4.75 
4.75 
4.80 
4.95 
4.05 
6.00 
4.95 
4.95 
4.05 
4.90 
5.00 
4.95 

Nov. 

Dec. 

1 

5.65 

6.40 
5.40 
6.70 

6.36 
6.60 
6.75 
6.60 
6.80 
7.45 
7.40 
7.25 
7.65 
8.00 
8.36 
8.80 
8.96 
8.95 
8.85 
8.70 
8.50 
8.40 
9.15 
9.66 
9.60 
9.75 
9.75 
9.85 
9.25 
9.40 
9.90 
9.05 
10.20 
10.40 
10.45 

5.06 
4.95 
4.80 
5.46 
6.50 
5.35 
5.10 
5.00 
5.05 

4.15 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.30 

4.00 
4.00 
4.15 
4.70 
6.20 
5.65 
10.00 
7.30 
6.26 
5.80 
6.20 
5.40 
6.60 
5.40 
6.06 
4.90 
4.80 
4.86 
4.95 
4.96 
4.86 
4.75 
4.75 

5.00 

4.90 

4.90 

4.90 

4.95 

4.95 

4.90 

4.95 

4.90 

4.90 

4.96 

4.90 

4.90 

4.90 

4.85 

4.90 

4.85 

4.85 

4.90 

6.06 

5.15 

6.20 

5.15 

6.15 

5.20  ' 

5.15  , 

6.20 

5.36 

5.26 

5.25 

5.20 

2 

6.20 

3 

5.20 

4 

5.25 

5 

5.66  •  6.50 

6.16 

6 

6.46 

6.60 
6.60 
6.66 
6.60 

5.60 
5.60 
6.60 
6.86 
4.95 

5.15 

7 

5.25 

8 

5.30 

9 

6.25 

10 

4.85     4.45 
4.70    4.80 

6.36 

11 

5.55     5.25 
5.80    6.56 
5.60  :  6.60 
5.55    5.56 

5.65  6.56 

5.66  6.56 

5.65  '  5.35 

6.66  6.35 

5.36 

12 

4.65 
4.60 
4.45 

4.26 
4.20 
4.15 

5.30 

13 

14 

6.30 
5.26 

15 

4.35     4.20 
4.25  '  4.16 
4.25  1  4.10 
4.30  1  4.10 
4.20  i  4.10 
4.10  '  4.10 
4.16     4.10 
4.10    4.10 
4.16     4.00 

6.20 

16 

6.20 

17 

6.05 

18 

4.90 

19.. 

5.45 
5.40 

6.46 
S.fifi 

5.10 

20 

6.05 

21 « 

22 

6.60    6.66 
5.60     5.60 
5.60    5.45 

6.16 
5.16 

23 

5.05 

24 

6.65 
5.60 
5.55 

5.60 
6.56 
6.55 

4.25 
4.20 
4.25 

4.00 
4.00 
S.90 

4.70     5.00 

4.90 

25 

4.70 
4.70 
4.70 
4.80 
4.80 
4.80 

4.95 
6.00 
5.10 
6.05 
5.00 
5.00 
6.00 

4.86 

28 

4.90 

27 

6.55    5.70 
6.50  '  5.66 

4.20     3.90 

5.05 

28  

4.20 
4.15 

3.90 
3.00 

5.00 

29 

5.40 
6.35 

5.60 

...... 

6.00 

3U 

31 

4.20  '  3.90 
4.20  I  3.90 

1 

5.00 
4.95 

RIO   GRANDE   NEAR  SAN   MARCIAL,  NEW  MEXICO. 


This  Station,  established  January  29,  1895,  is  at  the  railroad  bridge 
a  half  mile  south  of  the  town.  It  is  described  in  Water-Snpply  Paper 
No.  37,  page  282.  Results  of  measurements  will  be  found  as  follows: 
For  1896,  Eighteenth  Annual  Report,  Part  IV,  page  257;  for  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  387;  for  1898,  Twentieth 
Annual  Report,  Part  IV,  page  371;  for  1899,  Twenty-first  Annual 
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Report,  Part  IV,  page  261.     During  1900  the  following  discharge 
measurements  were  made  by  P.  E.  Harroun: 

Discharge  measurements  of  Bio  Grande  near  San  Mareial,  New  Mexico, 


Date. 


1000. 

AprU6 

April  18 

April  27 

May  19 

May  27 

June 3 

June  10 


Qase 
height 


Feet. 
5.88 
6.70 
6.85 
8.00 
7.00 
9.40 
8.60 


Dis- 
charge. 


Sec'ft, 

20 

170 

6 

2,074 

2,979 

6,855 

8,166 


Date. 


1900. 

Jnnel8 

Jnne24 

June  80 

September  11  ... 

November  18 

December  20 


Gage 


e  I     Dis- 
height.  chai^:e. 


Feet. 
7.70 
7.30 
6.40 
8.05 
6.60 
6.80 


SeC'ft. 

1.410 

605 

59 

3,474 

43 

198 


Daily  gage  height,  in  feet,  of  Rio  Orande  near  San  Marcial,  New  Mexico,  for  1900. 


Day. 

Jan. '  Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

6.75 
6.90 
6.90 
6.80 
0.80 
6.60 
6.60 
6.60 
6.66 
6.95 
6.90 
6.80 
6.70 
6.70 
6.80 
6.00 
6.80 
6.85 
6.80 
6.05 
7.00 
6.05 
6.90 
6.80 
6.85 
6.96 
6.76 
6.90 
6.80 
6.90 
6.90 

6.80 
6.80 
6.75 
6.70 
6.85 
7.00 
6.90 
6.90 
6.90 
6.76 
6.70 
6.85 
6.80 
6.60 
6.60 
6.70 
6.86 
6.80 
6.70 
6.90 
6.95 
6.90 
6.86 
6.80 
6.86 
6.80 
6.76 
6.70 

6.70 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.95 
6.90 
6.90 
6.90 
6.70 
6.80 
6.00 
7.00 
7.56 
7.16 
7.10 
7.10 
7.00 
7.00 
6.00 
6.00 
6.00 
6.85 
6.70 
6.60 
6.60 

6.40 
6.25 
6.20 
6.10 
6.00 
6.00 
6.80 
5.80 
6.36 
6.60 
6.60 
6.60 
6.50 
6.50 
6.70 
6.70 
6.70 
6.70 
6.66 
6.60 
6.56 
6.65 
6.60 
6.00 
5.60 
5.60 
5.60 
6.76 
6.60 
6.60 

6.50 
6.60 
6.60 
6.  TO 
6.70 
6.70 
6.70 
6.80 
7.25 
7.40 
7.40 
7.40 
7.85 
8.25 
8.25 
8.00 
7.00 
7.75 
7.00 
7.86 
0.06 
9.80 
8.85 
8.76 
8.66 
8.66 
8.40 
8.80 
8.55 
8.75 
8.95 

9.05 
9.40 
9.60 
9.86 
9.40 
9.25 
9.00 
8.90 
8.75 
8.60 
8.45 
8.56 
8.75 
8.46 
8.00 
7.95 
7.70 
7.70 
7.60 
7.60 
7.40 
7.30 
7.80 
7.26 
7.25 
7.10 
6.85 
6.60 
6.50 
6.35 

6.10 
6.00 
6.80 
6.70 
6.70 
6.60 
6.70 
6.66 
6.40 
6.40 
6.80 
5.25 
6.20 
5.10 
6.10 
5.10 
6.00 
6.00 
6.00 
4.00 
4.00 
4.00 
4.80 
4.80 
4.70 
4.70 
4.60 
4.60 
4.60 
4.40 
4.40 

4.30 
4.30 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
8.00 
8.00 
3.00 
8.00 
8.00 
3.00 
8.00 
8.80 
3.80 
3.80 
8.80 
3.80 
8.80 
3.80 
8.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 

8.30 
8.30 
8.30 
8.80 
3.80 
8.80 
8.80 
7.16 
0.20 
0.10 
8.00 
7.85 
6.66 
8.25 
7.20 
6.70 
6.86 
6.20 
6.10 
6.00 
5.00 
6.00 
6.80 
6.70 
6.60 
5.50 
6.70 
6.65 
6.40 
5.80 

5.30 
6.20 
6.10 
6.00 
6.00 
4.00 
4.00 
4.00 
4.80 
4.80 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.40 
4.60 
4.60 
4.70 
4.70 
4.70 
4.80 
4.80 
4.00 
4.00 
6.00 
6.00 
6.10 
6.10 
5.20 

6.20 
6.30 
6.86 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.70 
6.70 
6.70 
6.70 
5.70 
6.70 
6.80 
&80 
6.80 
6.80 
6.00 
6.00 
6.00 
6.00 
6.00 
6.10 
6.10 
6.20 
6.20 
6.30 
6.80 

6.45 

2 

6.45 

3 

6.40 

4 

0.60 

5 

6.50 

6 

6.00 

7 

6.60 

8 

9 

6.00 
6.70 

10 

6.70 

11 

6.70 

12 

6.70 

13 

6.70 

14 

6.70 

15 

6.70 

16 

6.70 

17 

0.70 

18 

6.70 

19 

6.70 

20 

6.70 

21 

6.70 

23 

6.70 

23 

6.70 

24 

6.85 

25 

6.86 

20 

6.86 

27 

6.06 

28 

6.00 

29 

80 

81 

6.80 
6.00 
6.66 

RIO   GRANDE   NEAR  EL  PASO,  TEXAS. 

Measurements  of  the  Rio  Grande  have  been  made  at  this  place  for 
a  long  time,  during  the  last  three  years  under  the  direction  of  W.  W. 
Follett,  consulting  engineer  of  the  International  (Water)  Boundary 
Commission,  and  by  his  successor,  P.  D.  Cunningham.  The  present 
station  is  at  Courchesne's  limekiln,  4  miles  north  of  £1  Paso.  It  is 
described  in  Water-Supply  Paper  No.  37,  page  283.  Results  of  meas- 
urements for  1899  will  be  found  in  the  Twenty-lirst  Annual  Report, 
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Part  IV,  page  262.     During  1900  the  following  disctiarge  measure- 
ments were  made  by  T.  N.  Courchesne: 

DiBcharge  measurements  of  Rio  Grande  near  El  Paso,  Texas. 


Date. 


19U0 

January  3 

January  6 

January  9 

January  11 

January  13 

January  16 

January  18 , 

January  2S 

January  24 

January  27 

January  30 

February  1 

Februarys 

February  6 

Februarys 

February  10 

February  13 

February  16 

February  19 

February  22 

February  24 


Gage 
height. 

Dis- 
charge. 

Feet 

Sec-fi. 

5.40 

90 

6.40 

93 

6.40 

89 

6.80 

161 

6.50 

841 

6.20 

246 

6.90 

143 

6.60 

102 

6.60 

111 

6.60 

113 

6.50 

94 

6.50 

100 

6.40 

90 

6.40 

88 

5.60 

105 

6.60 

106 

5.60 

117 

6.60 

101 

6.80 

134 

6.40 

94 

5.80 

77 

Date. 


1900. 

February  27 

March  8 

May  17 

May  18 

May  22 

May  26 

May  28 

Junel 

June6 

June9 

June  10 

June  18 

June  18 

June  22 

June  25 

June  27 

June  30 

September  9 

September  18  . . . 
September  17  ... 
September  22  . . . 


Dis- 
charge. 


8ec-/t. 

89 

18 

618 

908 

760 

2,120 

2.146 

2,380 

8.500 

8.319 

2.686 

1.680 

957 

868 

181 

85 

17 

1,164 

2,006 

1,278 

126 


Daily  gage  height ,  in  feet ,  of  Rio  Orande  near  El  Paso,  Texas,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Sept. 

Dec. 

I 

6.40 
6.40 
6.40 
6.40 
6.45 
6.45 
6.40 
6.40 
6.46 
6.65 
6.80 
5.75 
6.46 
6.36 
6.30 
6.15 
5.85 
6.85 
6.70 
5.60 
6.60 
6.50 
6.50 
6.60 
6.60 
5.60 
5.60 
6.60 
6.66 
6.60 
5.50 

6.60 
6.40 
6.40 
6.40 
5.40 
5.40 
5.50 
5.50 
5.60 
6.55 
5.60 
5.60 
5.60 
5.60 
5.50 
6.50 
5.50 
5.90 
5.80 
6.70 
6.65 
6.40 
5.40 
5.35 
5.80 
6.40 
5.40 
6.40 

6.16 
4.90 
4.65 
4.86 

(c) 

(c) 
(c) 
(c) 
(c) 
(c) 
c) 
(c) 
(c) 
(c) 

(c) 

(C) 

(c) 

(c) 

(c) 

(c) 

(c) 

4.66 

4.65 

4.40 

4.30 

4.30 

4.3P 

4.80 

4.30 

4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.30 
4.80 
4.80 
4.80 
4.80 
4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 
4.80 
4.30 
4.80 

4.30 
4.80 
4.80 
4.80 
4.80 
(c) 

(C) 

(c) 
(c) 
(c) 
(c) 
(c) 
(c) 

6.80 
7.66 
7.66 
7.66 
7.66 
7.65 
7.40 
8.26 
9.80 
9.80 
9.25 
9.20 
9.10 
9.30 
9.40 

9.66 

9.65 

10.06 

10.30 

10.40 

10.46 

10.46 

10.40 

10.40 

10.86 

10.10 

9.75 

9.40 

9.30 

9.25 

9.16 

8.46 

8.80 

7.90 

7.60 

7.86 

7.00 

6.75 

6.46 

6.25 

6.06 

5.90 

6.75 

6.56 

6.80 

6.10 
6.U0 
6.00 
5.00 
5.00 
6.00 
5.00 
(a) 

(a) 

(ft) 

2 

3 

...... 

4 

5 

« 

t  . .. ._......_  ........ 

a    

9    

8.00 
6.90 
6.10 
6.16 
9.10 
8.35 
7.85 
7.76 
8.50 
7.76 
7.05 
6.35 
6.80 
6.16 
6.20 
5.60 
6.50 
6.40 
6.40 
6.26 
6.10 
6.00 

10 

11 : 

12    

13  

14 

15 

lit        

........ 

17 

18  

lU  

»l  

21  

•*f 

6.05 

.a 

6.40 

24  

6.40 

25     

6.40 

2t>  

5.40 

5f7 

6.40 

'M 

6.85 

29 

6.16 

3IJ 

5.10 

31 

5.10 

a  River  dry  from  July  8  to  September  9. 
b  River  dry  from  October  1  to  December  23. 
c  River  dry. 
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LOWER   RIO   GRANDE. 

During  1900  the  International  (Water)  Boundary  Commission  estab- 
lished a  number  of  gaging  stations  on  the  Rio  Grande  below  El  Paso, 
Texas,  and  on  some  of  its  tributary  streams,  as  noted  below.  This 
commission  has  had  charge  of  the  investigation  looking  toward  the 
building  of  an  international  dam  at  £1  Paso,  and  the  stations  were 
established  in  order  to  obtain  data  regarding  the  fluctuations  of  the 
lower  river  to  determine  questions  which  had  arisen  in  connection 
with  hydrographic  problems.  Information  regarding  the  river  at  the 
several  localities  where  stations  have  been  established  has  been  fur- 
nished through  the  courtesy  of  Gen.  Anson  Mills,  chairman  of  the 
International  (Water)  Boundary  Commission.  The  stations  are  as 
follows,  in  order  downstream :  Rio  Grande  near  Fort  Hancock,  Texas; 
Rio  Grande  7  miles  above  Presidio,  Texas;  Rio  Grande  6  miles  below 
Presidio,  Texas;  Rio  Grande  near  Langtry,  Texas;  Pecos  River  near 
Moorhead,  Texas;  Devils  River  near  Devilsriver,  Texas;  Rio  Grande 
near  Devilsriver,  Texas;  and  Rio  Grande  near  £agle  Pass,  Texas. 

RIO  GRANDE  NEAR  FORT  HANCOCK,  TEXAS. 

This  station  was  established  March  27,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  one  and  one-half  miles  south- 
east of  Fort  Hancock,  on  the  Southern  Pacific  Railway,  in  the  £1  Paso 
Valley,  and  is  about  55  miles  below  El  Paso.  During  1900  the  fol- 
lowing measurements  of  discharge  were  made : 

Discharge  measurements  of  Rio  Orande  near  Fort  Hancock^  Texas, 


Date. 


1900 

May  24 

May  27 

May  30 

June  4 

June  8 , 


Gage 
height 


Feet. 
4.00 
7.00 
6.80 
7.80 
8.00 


Dis- 
charge. 


SeC'ft. 
217 
1,627 
1.(162 
1,890 
2.868 


Date. 


1900 

June  16 

June  19 

June  28 

June  28 

September  26 . . 


Gage 
leight. 


hei^ 


Feet 
6.80 
6.60 
8.80 
2.60 

—  .10 


Dis- 
charge. 


Sec-ft. 

971 

527 

186 

14 

13 


Daily  gage  height,  in  feet,  of  Rio  Graiide  near  Fort  Hancock,  Texas,  for  1900. 


Day. 

May. 

June. 

Sept.6 

Oct. 
-.60 

1 
Day. 

May. 

1 

June.jSept.6 

1 

Oct. 

Day. 

1 

May.  June.  Sept.& 

Oct. 

1 

(a) 

6.70 

.60 

12 

7.16     -.10 

-.30 

!      28 

4.00 

8.60 

.10 

-.10 

2 

7.15 

.60 

-.60 

13 

6.76     -.10 

-.30 

24 

4.00 

8.30 

.10 

-.10 

3 

7.10 

.60 

-.50 

1       U 

6.55     -.10 

-.30 

25 

4.30 

8.10 

-.10 

-.10 

4 

7.26 

60 

-.60 

15 

6.4o      1.50 

-.30 

26 

7.80 

2.90 

-.10 

-.10 

5 

7.25 

1.80 

-.30 

'       16 

6.35      1.10 

-.30 

27 

7.50 

2.90 

-.10 

-.10 

6 

7.85 

.90 

-.30 

17 

6.65        .90 

5.U0 

;      28 

7.00 

2.60 

-.50 

-.10 

7 

7.90 

.40 

-.30 

18 

5.70      1.35 

4.00 

,       29 

6.90 

1.80 

-.50 

-.10 

8 

7.95 

-.10 

-.30 

19 

5.60  ,    1.20 

1.10 

30 

6.80 

.80 

-.60 

-.10 

9 

8.00 

-.10 

-.30 

20 

4.90        .90 

-.10 

81 

6.66 

(6) 

-.10 

10 

7.75 

-.10 

-.30 

21 

8.80 

4.50       .eo 

-.10 

11 

7.60 

-.10 

-.30 

22 

3.90 

4.00,      .30 

-.10 

a  Biver  dry  from  March  27  to  May  21. 

h  BlTor  dry  from  July  1  to  September  1;  also  throughout  November  and  December. 
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RIO  QRANDE  ABOVE  PRESIDIO,    TEXAS. 

This  station  was  established  April  4,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  7  miles  above  Presidio  and 
above  the  mouth  of  Concho  River,  one  of  the  principal  tributaries 
of  the  Rio  Grande,  and  is  about  200  miles  below  El  Paso.  Its  location 
is  far  enough  above  the  mouth  of  Concho  River  to  be  free  from  the 
effects  of  backwater  from  that  stream.  During  1900  the  following 
measurements  of  discharge  were  made : 

Discharge  measurements  of  Rio  Orande  above  Presidio,  Texas. 


Dftte. 


1900. 

1187  23 

May  26 

May  28 

Junel 

Jiiiie6 

JnneS 

June  11 

June  13 

Jane  15 

June  18 

Jane  22 

Jane  25 

Jane  27 '.. 


Oafle 

leignt. 

Din- 
charge. 

f^et. 

SeC'ft 

2.00 

101 

0.00 

000 

2.00 

96 

4.20 

907 

4.20 

901 

4.40 

1,157 

5.85 

1.580 

6.60 

2,876 

4.60 

I.ITO 

8.60 

692 

3.00 
2.80 

400 

192 

1.50 

110 

Date. 


1900. 

July2. 

Julys 

July  7 

July  28 

Aaff08t4 

Septemlier24.... 

Septembers? 

October  8 

October  18 

October  20 

October  28 

October  25 


Qase 
heignt. 


Feet. 
1.80 
1.70 
2.80 
2.20 
1.60 
2.70 
1.70 
2.10 
4.75 
5.10 
2.10 
1.60 


Dis- 
charge. 


Sec/t. 
116 

69 
218 
198 

64 
806 

46 

80 

970 

1,435 

125 

45 


l>aUy  gage  height,  in  feet,  of  Rio  Orande  above  Presidio,  Texas,  for  1900. 


Day. 

May. 

June. 

July. 

1 
Aug.  1  Sept.  Oct. 

'       Day. 

May. 

(a) 

June. 

Jy  . 

ib) 

ib) 

2.60 

3  40 

2.85 

1.75 

1.80 

ib) 

1.05 

.55 

2.00 

ib) 

lb) 

ib) 

ib) 

Aug. 

Sept. 

Oct. 

1 

(a) 

4.10 
3.60 
8.00 
4.00 
4.00 
4.20 
4.20 
4.40 
5.00 
5.15 
5.80 
6.15 
5.90 
5.00 
4.45 
4.15 

ib) 

(b\ 

(b)     8.75 

(b)     2.60 

8.10    2.40 

(6)   1  1.10 

lb)   \   ib) 
.70  1   (b\ 

17 

8.60 
8.60 
8.40 
4.10 
8.35 
3  00 
2.70 
2.46 
2.16 
1.70 
1.66 
1.75 
1.45 
1.46 

ib) 
lb) 

lb) 
2.00 
1.05 
.60 

ib) 
ib) 
ib) 
ib) 

ib) 
ib) 
ib) 

3.20 
2.75 
4.10 
2.55 
1.25 
1.15 
1.65 
2.45 
5.70 
7.00 

8.60 

2 

3.  do     2.50 

18 

5.25 

3 

6.60 
3.00 
1.75 
2.90 
2.60 
2.60 
1.60 
1.00 

1.20 
1.05 

"2.*66' 

.80 

1.15 

2.75 

2.05 

19 

2.80 

4 

20 

3.40 

5 

21 

320 

6 

22 

2.60 

2.00 

ib) 

lb) 

lb) 

1.90 

8.55 

ib) 

2.45 

8.60 

2.40 

7 

2.85 

h\ 

28 

2.15 

8.. 

1.65  1   ib) 
ib)   1  ib) 
(b)   '   (b^ 

24 

1.75 

9 

25 

1.55 

10 

26 

1.35 

11 

2.60     1.60 

if>) 
ib) 
ib) 
lb) 

6 
(b) 

27 

.93 

12 

1.60 

(?) 
ib) 

ib) 

ib) 

ib) 
.25 
ib) 
.05 

ib) 

38 

1.00 

13 

29 

.85 

14 

30 

.60 

15 

ib)   !   (0) 
(b)   :    rft> 

81 

ic) 

16 

"     '       1 

a  River  dry  from  April  4  to  May  21. 

b  River  dry. 

c River  dry  throughout  November  and  December. 


RIO   GRANDE  BELOW  PRESIDIO,   TEXAS. 

This  station  was  established  April  8,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  6  miles  below  Presidio,  also 
below  the  mouth  of  Concho  River,  and  about  215  miles  below  El  Paso. 
It  is  at  the  western  end  of  the  canyon  section  of  the  Rio  Grande. 
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During  1900  the  following  measurements  of  discharge  were  made: 
Discharge  mecLSurements  of  Rio  Orande  below  Presidio^  Texas, 


Date. 


I 


1900. 

May  20 

May  22 

May  25 

May  29 

Jane7 

June9 

June  12 

June  14 

June  16 

jQnel9 

June  21 

June  23 

Jane  26 

June  28 

Juiy3 

Julye 

July9 

July  12 , 

July  14 

July  17 

July  19 

July  23 

July  24 

July  36 

July  28 

Augufltl 

August3 

August  6 

August  9 

August  11 

August  13 

August  15 

August  21 

August  23 

August  25 

August  28 

August  30 

September  5 

September  7 


height. 

Dis- 

charge. 

Feet 

Sec.'ft. 

a  40 

14 

8.30 

1,762 

4.90 

66 

4.85 

98 

7.10 

1.030 

7.45 

1,318 

8.70 

2,213 

7.50 

1,668 

6.60 

1,021 

6.00 

7a5 

5.85 

710 

5.10 

a'>5 

4.40 

167 

4.40 

107 

6.40 

?29 

5.10 

275 

a  40 

1,425 

11.30 

8,834 

10.50 

6,890 

8.45 

2,655 

a  25 

2,477 

9  40 

4,068 

10.80 

7,893 

9.85 

5.60H 

10.60 

7,491 

11.75 

11,586 

11.75 

12.784 

12.95 

16,040 

11.35 

10,357 

10.40 

7,032 

9.35 

5,001 

9.00 

4,12» 

7.60 

2.053 

a  90 

4,085 

0.20 

4,823 

a  05 

2,643 

7.50 

2,039 

7.00 

1,437 

7.80 

2,367 

Date. 


1900. 
September  10  .. 
September  12  . . 
September  14  ... 
September  17 ... 
September  19  . . . 
September  26  .. 
September  28  . . . 

October  4 

October  6 

October  9 

October  11 

October  13 

October  15 

October  17 

October  19 

October  22. 

October  24 

October  27 

October  29 

Novembers 

November  7 

November  10 

November  12 

November  14 

November  16 

November  19.... 

November  22 

November  26 

November  28 

Decembers 

Decembers 

December  10 

December  18 

December  20 

December  22 

December  24 

December  27 

December  29 


Oage 
height. 


F>et. 
a  90 
a  95 
a  35 
7.45 
7.20 
a  85 
7.90 
7.75 
7.60 
7.80 
7.25 
7.45 

a  70 

9.50 
7.20 
a  70 

a  20 
a  05 

.90 
.60 

a  GO 
a  50 
a  60 
a  40 
a  40 
a  30 

.20 

.20 

10 

.00 

a  00 
a  00 
a  00 
a  00 
a  00 

4.90 
4.90 
4.90 


Dis- 
charge. 


5. 
6. 


5. 
5. 
5. 
5. 


Sec.-ft 

5.061 

4.U83 

2.797 

1,725 

1.262 

1.249 

2.1t» 

2,573 

2,112 

2,265 

l,6fti 

1,685 

1,127 

4.7«)2 

1.407 

1,158 

893 

731 

601 

482 

476 

459 

431 

40» 

O09 

370 

333 

311 

288 

256 

255 

248 

248 

233 

2S5 

214 

211 

213 


Daily  gage  height ,  infeet^  of  Rio  Orande  below  Presidio,  Texas,  for  1900, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

1 

Dec. 

1 

a  70 
a70 
a  65 
a  60 
a  60 
a60 
a  60 
a  50 
a  50 
a  50 

4.60 

a  50 
a  60 
a  50 
a  50 
a  50 
a  50 
a  45 
a  40 
a  40 

10.25 

7.77 

a  16 
a  35 

4.90 
4.70 
a  15 

a  60 

4.80 
4.40 
7.15 

a  40 
a  20 
7.40 
7.00 
7.05 
7.06 
7.00 
7.15 
7.50 
7.60 
7.86 

a  80 

0.86 
7.56 

aa5 
a  60 
a  36 
a  06 
a  06 
a  40 
a  05 
a  45 
a  06 

4.05 
4.45 
4.46 
4.26 
4.40 
4.56 
7.60 

a  75 

a  20 

7.07 

a  75 
a  80 
a  15 
a  40 
a  75 
a  25 

11.50 

12.90 

11.60 

11.45 

10.35 

a  90 

7.00 

a  56 

7.06 

a  15 
a  55 
a  75 
a  65 

0.65 
10.80 
10.56 

9.85 
10.90 
10.70 
10.65 
10.56 
10.85 

11.70 

laoo 

12.05 
10.65 
11.20 
12.60 
11.75 
12.20 
11.40 
ia95 

laso 

10.05 

9.a5 

9.50 

a  90 
a  86 
a  70 
a  30 
a  36 

7.90 
7.90 

a  20 

9.05 
0.40 
0.30 

a  75 
a  35 

7.96 
7.75 

7.55 
7.») 

7.10 
7.20 
11.86 
7.30 
7.05 
a  85 

7.a5 
a  15 
a  60 
a  80 

9.40 

a  66 
a  65 
a  30 

7.05 
7.75 
7.45 
7.10 
7.10 
a  90 
7.00 

a  15 

7.90 
7.36 
a  85 
7.30 

a  55 
e.oo 

9.10 
9.30 

a  30 

7.90 

a  36 

7.75 
7.76 
7.60 
7.66 
7.60 
7.70 
7.40 
7.25 
7.80 
7.46 
a  05 

a  75 

7.15 
0.60 
7.80 
7.16 
7.60 
7.10 
a  76 
a  66 
a  36 

a  30 
a  15 
a  16 
a  06 
a  00 
a  00 
a  80 

a  80 
a  70 
a  70 
a  70 
a  60 
a60 
a  60 
a  60 
a  60 
ado 
a  60 
a  60 
a  60 
a  40 
a  40 
a  40 
a  40 
ado 
a  80 
aao 
a  80 
aao 
a20 
a  20 
a20 
aao 
a  20 
a20 
a2u 
a  20 

5.20 

2 

5.20 

8 ; 

5.00 

4 

auo 

5.               

5.00 

6 

a  00 

7  

auo 

8 

a  00 

9  

a  no 

10 

a  00 

11 

6.00 

12 

a  or) 

13 

a  00 

14 

a  00 

15 

5.00 

16 

5.00 

17 

5.00 

18 

5.00 

19 

5.00 

20 

21 

5.00 

22 

5.00 

23 

4.00 

2* 

4.90 

25 

4.90 

26 \ 

4.90 

27 

4.00 

28 

4.90 

20 

4.90 

30 

4.90 

31 

4.90 
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RIO  GRANDE  NEAR  LANGTRY,  TEXAS. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  located  one-half  mile  south  of 
Langtry  station  on  the  Southern  Pacific  Railway,  and  is  about  440 
miles  below  El  Paso,  Texas,  at  the  eastern  end  of  the  canyon  section 
of  the  Rio  Grande,  and  a  short  distance  to  the  west  of  the  mouth  of 
Pecos  River,  one  of  the  principal  tributaries  of  the  Rio  Grande.  The 
following  measurements  of  discharge  were  made  in  1900: 

Discharge  measurements  of  Rio  Orande  tvear  Langtry\  Texas, 


Date. 


May  11.... 

Do 

Mayl2   ... 
May  15.... 

May  16 

May  23... 
May2».... 

JnneS 

Jane  5 

Jane  10 

June  13 — 

Jonel7 

Jane  24 

June  2b 

Jaly2 

July  5 

Jaly9 

July  12.-.. 

July  15 

July  18.... 

July  22 

July  26.... 
July*).... 
Augusts.. 
August  0 
August  8. . 
Aagust  13 . 
August  10 . 


1900. 


Sec. -ft 

513 

406 

351 

371 

478 

3,826 

850 

2,2TS 

1,991 

1.39) 

2,  aw 

2,893 

1,701 

811 

1,348 

8,287 

1,428 

3,499 

11,836 

5,617 

2,751 

7,671 

8,3;J0 

8,236 

10, 100 

24,401 

8,561 

5,258 


190O. 

August  21 

August  25 

August  29 

September  2 

September? 

September  12 

September  16 

September  2Z 

September  26 

October  2 

Octobers 

October  12 

October  15 

October  23 

October  26 

October  31 

November  4 

Novembers 

November  12  . . . 
November  16  ... 

November  21 

November  28 

November  80  — 

December  5 

December  10 

December  14  — 

December  20 

December  24 


Oage 
height. 


Dis- 
charge. 


Feet. 
5.80 
a40 
8.70 
2.90 
8.30 
8.40 
3.40 
2.40 
25 
90 
90 
60 
.40 
50 
2.00 
1.70 
1.65 
.55 
45 
.40 
.40 
.30 


3. 
3. 
2. 
2. 
2. 
2. 


1. 
1. 
1. 
1. 
1. 
1.30 


1. 
1. 
1. 
1. 
1. 


25 

20 
15 
20 
15 


Sec. -ft. 
9,394 
3,698 
4,153 
2,515 
3,427 
3,313 
3,712 
l,ft» 
3,441 
4.688 
2,674 
2,825 
2,020 
2.285 
1.690 
1,124 
1.070 


858 
836 
772 
761 
726 
685 
667 
680 
644 


IRR  50—01- 
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Daily  gage  heights  in  feet,  of  Rio  Grande  near  Langtry^  Texas,  for  1900, 


Day. 


1. 

2. 

a. 

4- 

5. 
6. 

^ 

I. 

8. 

tt. 
10. 
11- 
12- 
13- 
14- 
15- 
1(3 
17. 
18- 
19. 
20. 
21- 
2*^ 

Si". 

21. 

25. 

26 

27 

28. 

29. 

30- 

31. 


May 


1. 
2. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
4. 
3. 
3. 

•> 

2. 
1. 
1. 

1. 
1. 


70 
30 
80 
70 
85 
75 
75 
95 
90 


June. 


1.75 
3.95 
2.75 
2.10 
2.85 
3.05 
2.60 
2.45 
2.25 


75 

2.30 

60 

2.30 

50 

2.30 

55 

3.25 

55 

3.45 

55 

3.40 

70 

4.15 

50 

3.15 

50 

2.85 

45 

2.55 

65 

2.40 

95 

2.65 

10 

2.90 

65 

2.  a") 

75 

2.55 

90 

2.20 

35 

1.95 

25 

1.80 

95 

1.70 

85 

3.05 

60 

2.55 

50 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
1.65 

Deo. 

2.70 

5.55 

2.86 

3.40 

i.an 

280 

5.60 

2.90 

3.90 

1.60 

1.30 

3.05 

6.25 

2.90 

4.00 

1.60 

1.30 

3.05 

6.25 

4.70 

3.55 

1.60 

1.30 

4  65 

8.30 

7.35 

2.85 

1.56 

1.20 

3.45 

6.00 

4.75 

3.35 

1.50 

i.ao 

3.10 

6.30 

3.15 

2.95 

1.60 

1.20 

2.75 

10.30 

2.80 

2.85 

1.55 

1.20 

2.25 

9.25 

2.70 

2.80 

1.80 

1.30 

2.10 

7.50 

2.05 

2.80 

1.70 

1.20 

3.35 

6.90 

3.20 

2.85 

1.50 

1.20 

3.4<) 

6.30 

3.65 

2.60 

1.45 

1.20 

7.o(» 

5.80 

4.25 

2.55 

1.40 

l.SO 

6.80 

5.20 

4.00 

2.50 

1.40 

1.20 

6.70 

4.80 

3.65 

2,30 

1.40 

1.20 

4.40 

4.40 

3.36 

2.35 

1.40 

1.20 

4.05 

4.25 

3.10 

2.40 

1.40 

1.20 

4.60 

3.80 

2.75 

6.15 

1.40 

1.20 

3.95 

3.80 

2.70 

4.60 

1.40 

1.20 

3.70 

5.75 

2.60 

4.30 

1.40 

1.30 

3.40 

5.80 

2.60 

3.75 

1.40 

1.30 

3.20 

5.10 

2.45 

2.80 

1.40 

1.20 

4.90 

4.30 

3.45 

2.40 

1.40 

1.30 

3.50 

3.45 

2.85 

2.50 

1.40 

1.15 

3.25 

3.30 

3.35 

2.25 

1.30 

1.15 

5.40 

3.35 

3.15 

2.10 

1.30 

1.10 

6.30 

3.40 

2.90 

2.00 

l.SU 

1.10 

4.95 

3.40 

3.85 

2.00 

i.ao 

1.10 

5.50 

3.55 

4.80 

1.90 

i.do 

1.10 

5.35 

3.50 

3.20 

1.90 

1.30 

1.10 

5.60 

3.00 

1.75 

1.10 

PECOS   RIVER  NEAR  PECOS,  TEXAS. 

The  gaging  station  is  at  the  Margiieretta  flume,  about  6  miles  above 
the  city  of  Pecos.  The  gage  is  vertical,  and  is  nailed  to  one  of  the 
bents  of  the  flume.  The  measurements  are  made  above  the  flume,  by 
wading,  a  wire  being  stretched  across  the  river  and  tagged  every  4 
feet.  The  bottom  is  sand,  and  slight  changes  occur  at  every  rise; 
but  considering  the  character  of  the  bottom  it  is  remarkable  that  the 
changes  of  configuration  of  the  cross  section  are  so  inconsiderable. 
The  observer  is  Willard  H.  Dennis,  and  during  the  year  1900,  in  addi- 
tion to  his  services  as  observer  of  daily  gage  heights,  he  obtained 
measurements  of  the  velocity,  a  Price  acoustic  meter  being  used, 
from  which  the  flow  was  calculated  by  Thomas  IT.  Taylor.  Discharge 
measurements  and  daily  gage  heights  were  also  observed  in  the  canal 
flume.  This  station  is  described  in  Water-Supply  Paper  No.  37,  page 
285. 


Daring  the  year  1900  West  Valley  ditch,  one  of  the  diversions  of 
Peeos  River,  was  measured  thirty-two  times,  as  follows: 

DiMharge  meamirentenln  of  H'ea/  Valley  ditch. 


D.te. 

A. 

;.£S.. 

igoa. 

Stc-Jt. 

leoo.                        src-fi. 

1??"^^ \\% 

The  average  flow  of  West  Valley  ditch  through  the  season  is  12 
seeond-feet. 

During  1900  the  following  measurements  of  discharge  of  tlie  river 
were  made: 

Discharge  meetturemenU  of  Peeoe  River  near  Pecoa,  Texas. 


March  20.. 
March  £8.. 

April  1.... 


July  I  ■ ' 


JnlyT 

Jnlyia 

July  16 

Jnlyia 

July  21 

JolySS 

July  as 

August  4  I"! 
Augans 

Augoat  13  . . . 

August  20... 
AugostSt ... 
September  S 
September  S 
NoToinber  30 
December  1 . 
Dncembor  *  . 

December  ll' 
December  IS 
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Discharge  metvruretnenU  of  31arf/tierelta  jtume  near  Pteot,  Texa». 


Date. 

Dto- 
ch«rae. 

1 

i 

15 

J! 

138 

IT, 

1 

D«te. 

.£S.. 

™™„» ™; 

KWO. 

Sfc.-/I. 

DaUy  gage  height,  in  feet,  of  Pecos  River  near  Pecoa.  Texa»,  for  1900. 


Jbd.    Feb.    Mar.  i  Apr. 


y.'juue.ljulr.  An) 


.pt'  Oct.   Nov.:  Dec. 
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Daily  gage  height,  in  feet,  of  Margxieretta  flume  near  Pecoa,  Texas  ^  for  1900, 


Day. 

Jan. 

1.80 

1.80 

1.80 

1.80 

1.40 

.90 

.85 

.80 

.05 

.80 

.66 

.60 

1.60 

1.50 

1.40 

1.05 

1.80 

.35 

(a) 

Feb. 

0.15 

.15 

.10 

.10 

.10 

.10 

.10 

1.15 

LOO 

LOO 

LOO 

1.00 

1.00 

.90 

.05 

.05 

1.05 

1.20 

L20 

.90 

.60 

.60 

.55 

.60 

.60 

.60 

.60 

.60 

...... 

Mar. 
0.50 

Apr. 

May. 

2.45 
2.05 
2.85 
2.85 
2.35 
2..% 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

l.flO 

2.26 

2.80 
2.25 
2.35 
2.86 
2.40 
2.45 
2.40 
2.40 
2.46 
2.40 
2.40 
^.40 
2.40 
2.45 
2.30 
2.85 
2.40 
2.45 
2.45 
2.40 
2.40 
2.60 
2.40 
2.40 
2.45 
2.45 
2.50 
2.50 
2.50 

2.60 
2.50 
2.52 
2.55 
2.60 
2.68 
2.68 
2.60 
2.00 
2.58 
2.45 
2.45 
2.68 
2.60 
2.60 
2.56 
2.56 
2.50 
2.60 
2.68 
2.75 
2.80 
2.72 
2.60 
2.70 
2.82 
2.55 
2.80 
2.65 
2.62 
2.72 

2.70 
2.77 
2.70 
2.80 
2.70 
2.78 
2.88 
2.80 
2.80 
2.78 
2.80 
2.80 
2.00 
2.88 
2.86 
2.00 
2.85 
2.86 
2.84 
2.85 
2.82 
2.90 
2.85 
2.91 
2.88 
2.00 
2.00 
2.08 
2.00 
2.00 
2.00 

2.00 

2.88 
2.87 
2.84 
2.00 
2.05 

2.25 

2.40 
2.40 
2.50 
2.88 
2.88 

2.40 
2.40 
2.40 
2.40 
2.46 
2.60 
2.60 
2.50 
2.60 
2.60 
2.50 
2.50 
2.50 
2.61 
2.60 
2.45 
2.40 
2.45 
2.45 
2.48 
2.  .50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.52 
2.62 

2.58 

2 

.90  ;  L75 
L85  ,  1.70 
L40     LOO 
L40    2.25 
1.40     L05 

2.63 

3 

2.68 

4 

2.58 

0 

2.53 

6 

2.62 

m 

4....... ............  . 

1.40     L85  i  2.30 
1.40  ,  1.80    2.35 
1.40     1.00     2.10 
1.35     1.80    2.15 
1.30     1.80     2.10 
L30  !  1.8ft  :  2  15 

2.00  ;  2.40 

3.05  2.80 
3.10    2.85 
2.60  1  2.35 

1.06  2.80 

2.60 

8 

2.60 

9 

2.60 

10 

2.60 

11 

2.60 

12 

2.28 
2.52 
2.60 

2.80 
2.80 
2.85 

2.60 

13 

U .•. 

L65 
L60 

L85 
l.flO 

2.20 
2.10 
2.15 
2.45 
2.20 
2.00 
2.15 
2.30 
2.35 
2.30 
2.30 
2.35 
2.25 
2.05 
2.40 
2.45 
2.50 
2.50 
2.45 

2.62 
2.60 

15    - 

L65 1  i.eo 

1.45  ,  L05 
.80     LOO 
.00     LOO 
.00     LOO 

1.40     1.85 

2.68  1  2.85 
2.65     2.38 
2. 60     2  45 

2.62 

16 

17 

2.62 
2.60 

1^ 

2.70 
L72 
2.00 
2.20 
2.55 
2.60 
2.24 
2.30 
2.38 
2.60 
2.65 
2.60 
2.42 

2.28 
2.30 
2.38 
2.38 
2.38 
2.40 
2.85 
2.38 
2.35 
2.88 
2.80 
2.30 
2.46 
2.40 

2.60 

19 

2.60 

31) 

2.68 

21 

L85 
L80 
L80 
L80 
LO»J 
1.80 
1.80 

L90 
L80 
LOO 
LOO 
1.00 
LOO 
1.00 

2.68 

«9 

2.68 

23 

2.66 

24 

25 

36 

27 

.40 
.90 
.30 
.25 
.18 
.10 
.15 
.15 

2.62 

2.66 
2.70 
2.70 

28 

1.80  1  1.90 

2.70 

29 

a) 

31 

1.70 
L70 
1.75 

1.80 
L75 

2.70 

a  No  water  in  finme. 


TOYAH  CREEK,  TEXAS. 

Toyah  Creek  rises  in  natural  springs  about  40  miles  southwest  of 
Pecos,  Texas.  These  springs  are  mainly  in  section  256,  patented  by 
the  State  of  Texas  to  Antonio  Ball.  They  are  in  a  flat  valley  hemmed 
in  by  a  horseshoe  curve  of  the  Davis  Mountains.  About  3  miles  to 
the  northwest  is  Phantom  Lake.  It  is  stated  by  close  observers  that 
the  water  of  this  lake  is  of  the  same  composition  and  general  charac- 
ter as  that  of  the  Toyah  Springs,  and  it  is  probable  that  the  lake  is  on 
the  underground  stream  that  issues  from  the  earth  in  the  springs. 
The  largest  of  the  Toyah  Springs  is  oval  shaped,  about  100  feet  long 
by  60  feet  broad.  Its  water  level  is  influenced  by  the  weeds  and  long 
grass  which  grow  in  it,  also  by  the  atmosphere.  As  measured  on 
September  5,  1900,  by  Thomas  U.  Taylor,  the  entire  discharge  was 
46  second-feet.  A  large  percentage  of  the  water  is  deflected  into  the 
ditch  of  the  Toyah  Creek  Irrigation  Company.  The  flow  of  the  spring 
is  equal  to  about  8  heads;  a  head  being  defined  as  the  amount  of 
water  flowing  through  an  opening  1  foot  square  the  upper  edge  of 
which  is  4  inches  below  the  water  surface.  There  is  an  unverified 
and  hazy  tradition  that  the  flow  once  amounted  to  12  heads,  but  this 
is  doubted.  The  springs  are  about  an  eighth  of  a  mile  east  of  the 
post-office  at  Toyahvale.  La  Loma  is  about  1  mile  below  the  head 
spring,  on  the  right  bank.  India  (known  as  Brogailo  post-office)  is 
about  4  miles  below  the  springs,  on  the  right  bank,  while  Saragossa 
is  9  miles  below  the  head  spring,  on  the  right  bank  of  the  creek. 
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For  several  miles  the  creek  skirts  the  foothills  of  the  Davis  Moun- 
tains, and,  in  addition  to  the  well-known  springs  mentioned  it  is  fed 
by  small  invisible  springs  and  by  seepage.  It  empties  into  Toyah 
Lake,  a  large,  flat  depression  charged  with  alkali,  about  35  miles 
from  Toyahvale  and  about  12  miles  south  of  Pecos. 

A  half  mile  above  Saragossa,  on  the  main  Saragossa  ditch,  is  the 
Clements  grain  and  flour  mill,  a  building  constructed  of  adobe  and 
timber,  where  there  is  a  fall  of  12  feet.  The  principal  irrigation 
ditch  leading  from  the  largest  of  the  Toyah  Springs  (now  known  as 
the  Clements  or  Murphy  ditch)  was  projected  as  early  as  1875,  but 
the  ditches  of  the  Saragossa  and  Toyah  Creek  companies  were  char- 
tered in  1875  and  1876.  Afterwards  the  companies  passed  through 
various  ownerships  and  changes,  until  1894,  when  Mr.  E.  Clements 
obtained  all  of  the  rights  and  titles  of  the  Saragossa  ditch,  and  in  1805 
a  controlling  interest  in  the  Toyah  Creek  ditch.  The  Saragossa  ditch 
diverts  water  from  Toyah  Creek  about  6^^  miles  below  the  Toyah 
Springs  and  about  If  miles  above  the  town  of  Saragossa.  Both  ditches 
are  now  operated  under  the  Clements  management,  being  connected 
by  a  lateral.  The  original  Saragossa  ditch  was  constructed  probably 
as  early  as  1869,  at  a  point  where  the  bed  of  the  creek  ended  in  rather 
swampy  lands.  These  lands  are  now  in  the  Saragossa  farm.  From 
the  best  evidence  obtainable,  the  flow  of  the  Saragossa  Spring  was 
formerly  about  15  second-feet,  and  it  was  the  largest  affluent  of 
Toyah  Creek  below  section  256  (Toyah  Spring).  No  dam  is  used  at 
the  head  of  the  Saragossa  ditch,  the  bottom  of  the  ditch  being  low 
enough  to  drain  the  creek. 

In  all  there  are  five  ditches  diverting  water  from  Toyah  Creek,  as 
follows:  (1)  Clements  (or  Murphy)  ditch,  9  miles  long,  taken  out  of 
Toyah  Springs  on  the  south  side,  and  irrigating  about  1,500  acres; 
(2)  the  Giffin  ditch,  1  mile  long,  taken  out  of  Toyah  Creek  on  the 
north  side,  and  irrigating  about  400  acres;  (3)  the  Saragossa  ditch 
(included  in  the  Clements  system),  2  miles  long,  taken  out  on  the 
south  side  of  the  creek  about  6  miles  below  Toyah  Springs,  and  irri- 
gating 1,500  acres;  (4)  the  St.  Isabella  ditch,  2  miles  long,  taken  out 
on  the  north  side  of  the  creek  19  miles  below  Toyah  Springs,  and  irri- 
gating about  60  acres  (the  creek  at  this  place  usually  has  no  flow,  the 
water  for  irrigation  being  obtained  from  springs);  (5)  the  Pruett 
ditch,  2  miles  long,  head  gat«  26  miles  below  Toyah  Springs,  taken 
out  on  the  south  sid^,  and  irrigating  about  300  acres.  The  crops 
raised  are  mostly  corn,  wheat,  kaffir  corn,  and  sweet  potatoes.  From 
Toyahvale  to  Saragossa  the  irrigation  has  been  very  effective. 

PECOS   RIVER  NEAR  MOORHEAD,  TEXAS. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.     It  is  near  Moorhead,  immediately 
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above  the  Mgh  bridge  of  the  Southern  Pacific  Railway.     During  1900 
the  following  measurements  of  discharge  were  made: 

Discharge  measurements  of  Pecos  River  near  Moorhead^  Texas, 


Date. 


MayU... 
May  17... 
May  23.... 
MaydiJ.... 

Jnne2 

June  7 

June  11 

Jane  16 

June  19.... 

Jane2t> 

July  3 

Jnlytt 

JnlylO... 
Jnlyl3..  . 
July  17.... 
Jalyl8.... 
JnlyZJ--.. 
July  27 . . 
July  31.... 
Au(;ust  4. . 
Aufi^ist  lU 
August  14 . 
August  18 . 
Augustus. 
August  27. 
August  31 


1900. 


Gage  '      Dis- 
helght.   charge 


Date. 


Feet. 
2.30 
1.90 
2.00 
1.90 
2.90 
2.3U 
1.70 
1.90 
2.10 
1.45 
1.40 
1.30 
1.20 
1.50 
9.25 
1.70 


30 
10 
50 


1.50 


60 
10 
50 
30 
1.40 
1.40 


Sec./t. 
930 
tt55 
7U) 
795 
1,557 
1.017 
&48 
767 
90» 
484 
4C0 
46^) 
3<J3 
516 
9,Lti5 
587 
314 
3fB 
440 
443 
495 
8.'i5 
467 
374 
42i 
404 


1900. 

September  4 

Septembers 

September  13 

September  19 

September  23 

September  28 

October  3 

October  9 

October  12 

October  a) 

October  23 

October  28 

November 
November 
November 
November 
November 
November 
December  1 . 
December  7  . 
December  11 
Docomber  15 
December  19 
DvcemlHjr  24 
December  30 


Gajje  ,      Dis- 
beignt.   charge. 


Feet. 
1.25 
1.10 
2.25 
2.90 
4.20 
2.S»5 
2.90 
3.10 


1.. 
5. . 
0.. 
18. 
19. 
27. 


50 
00 
3.10 
2.90 
2.80 
2.20 
2.10 
2.  (JO 


»> 


90 
70 
65 
60 
55 
55 
50 
50 
5<> 


Sec.-ft. 

305 

259 

931 

1,475 

2,478 

1,486 

1,446 

1.589 

1,298 

993 

1.8,50 

1,704 

1.315 

iWO 

877 

783 

702 

5S1» 

542 

532 

509 

5:35 

477 

440 

442 


Daily  gage  Junght,  in  feet,  of  Pecos  Rirer  near  Moorhead^  Tcjcas.for  1000. 


Day. 


1 
o 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Ifi 

17 

18 

19 

ao 
21 

23 

%i 

25 

»*» 
27 
28 
29 
») 
31 


May.  I  June.     July. 


1.^55 
l.JK) 
1.65 
1.50 
1.50 
1.40 
1.40 
1.50 
2.10 
2.85 
2.75 
2.55 
2.3') 
2.20 
2.10 
2.00 
1.90 
l.K". 
1.75 
l.(K) 
4. 70 

2.a'i 
2.00 
1.90 
1.85 
1.80 
1.70 
l.M> 
1 .  1*5 
2.30 


2.80 
2.a5 

2.80 
2.70 
2.55 


3  (15 
1.90 


1. 
1. 
1. 
1. 
1. 
1. 


1 


m 

70 
70 
«) 

no 
no 
\.m 

1.90 

2.(H) 
2.00 
2.00 
1.85 
1.70 
1.60 


1.50 
1.45 
1.40 
1.40 

i.:» 

1.30 
1.30 
1.30 
1.3(J 
1.20 
1.30 
1. 35 
1.50 
1.50 
1.45 

1 .  ao 

5.80 


Aug. 


Sept. 


"r.    i 


50 
40 
40 


1.45 


50 
50 


1.75 
1.45 
1.40  I 
1.40  I 
1  :«)  . 
\.-A\ 
1.20  ' 
1.20  I 
1.20  1 
1.10  ! 
1.20 
!.:« 
1.45  I 
1.50  I 


1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.55 

1.80 

1.85 

1.60 

1.55 

1.50 

1.40 

2.10 

2.(X5 

1.95 

1.65 

1.5(. 

1.50 

1.45 

1.40 

1.30 

1.25 

1.25 

1.40  i 

2.15 

1.40 

1.40  , 

1.40  I 

1.40 

1.40 


.SO 
40 

;^o 

30 


1.40 

1.35 

1.20 

1.10 

1. 10 

1. 10 

1.10 

1.50 

2.25 

2. 5(» 
•>  •>•■; 

2.80 
2.90 
3.  IK) 
2. 90 
2.85 
2.75 
2.00 
3.85 
2.95 
2.75 
2.W) 
2.60 
3. 15 
2.95 
3.05 


Oct. 


3.35 
3.00 
2.90 
2.90 
2.90 
2.80 
2.70 
3.25 
3.05 
2.85 
2.65 
2.45 
2.25 
2.20 
2.20 
2. 15 
2.10 
2.10 
2.10 
2.00 
2. 15 
2.80 
10 


Nov. 


2.85 
2.75 
2.55 
2.45 
2.25 
2.2(J 
2.20 
2.10 
2.10 
2.10 
2.00 
2.20 
2.00 
2.10 
2.20 
2.10 
2.00 
1.95 
l.(K) 
l.HO 
1.75 


Dec. 


.1 — 


3.:i5 

3.25  I 
3.15  I 
2.95  I 
3.10 
3. 80 

3.  a") 

3.05 


1. 
1. 

1. 


SO 
90 
,80 
1.80 
1.80 
1.70 
1.70 
l.(iO 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 

i.eo 

1.60 
1.60 
1.60 
l.(U) 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1  .50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


DEVILS  RIVER  AT  DEVILSRIVER,  TEXAS. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  opposite  the  Southern  Pacific 
Railway  station  at  Devilsriver.     The  river  is  about  50  miles  in  length, 
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has  a  perennial  flow,  and  during  flood  periods  is  subject  tyo  great 
fluctuations.  During  1900  the  following  measurements  of  discharge 
were  made: 

DiacJiarge  measurements  of  Devils  River  at  Devilsriver,  Texas. 


Date. 


1900 

May  20 

May  24 

May  30 

June4 

June7 

June  11 

June  15 

Jane  19 

Jane  28 

June  27 

Jane29  

Jaly3 

July6 

JalylO 

July  14 

July  19 

July  23 

July  27 

July  31 

Aug^ust  4 

August  7 

August  11 


Gage 
height. 

1 

Dis- 
charge. 

Sec-feet. 

Feet. 

2.80 

1,175 

3.35 

1,458 

3.00 

1.262 

2.90 

1,200 

2.80 

1,060 

2.80 

1,049 

2.80 

994 

2.80 

1,000 

2.70 

917 

2.70 

896 

8.20 

13,493 

2.95 

1,171 

2.80 

895 

2.70 

918 

2.65 

908 

2.70 

QAA 

2.60 

858 

2.60 

891 

2.60 

900 

2.70 

997 

2.65 

944 

8.10 

1,311 

Date. 


1900 

August  14 

August  20 

August  23 

August  27 

August  31 

September  6 

September  10 . . 
September  14 . . 
September  20 . . 
September  24 . . 

October  3 

October  9 

October  22 

November  2 

November  6 

November  14... 
November  23... 

December  4 

December  7 

December  13 ... 

December  18 

December  29 ... 


Dis- 
charge. 


Sec-feet. 

1,0SI 

955 

«S 

859 

841 

98S 

86* 

781 

747 

36,386 

1,131 

1,0B3 

1.274 

1,592 

1,010 

837 

9i8 

8S3 

9J1 

901 


831 


Daily  gage  height,  in  feet,  of  Devils  River  at  Devilsriver,  Texas,  for  1900, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.95 

2.80 
2.80 
2.80 
2.80 
2.80 
2.85 
2.80 
2.80 
2.80 
2.75 
2.75 
2.80 
3.25 
4.00 
8.10 
2.90 
2.90 
2.9«.> 
2.90 
3.75 
5.35 
3.45 
3.35 
3.20 
3.10 
8.05 
3.00 
3.00 
3.00 
3.00 

3.00 

2.90 

2.90 

2.90 

2.90 

2.85 

2.85 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.76 

2.80 

2.75 

2.75 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

8.25 

4.55 

3.20 
3.20 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.71) 
2.70 
2.65 
2.7.0 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.55 
2.55 
2.80 
2.60 
2.60 
2.65 
2.76 
2.65 

2.65 
2.70 
2.80 
2.75 
2.65 
2.60 
2.60 
4.60 
4.35 
3.45 
3.15 
2.95 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.8fJ 
2.75 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
10.60 
15.25 
11.00 
6.20 
5.05 
4.35 
3.40 
3.00 
8.00 

• 

3.00' 

2.90 

2.90 

2.90 

2.80 

2.80 

2.80 

2.80 

2.80 

2.90 

3.00 

3.00 

3.0O 

3.00 

3.00 

8.00 

3.00 

8.00 

8.00 

3.00 

3.00 

3.  a) 

3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 

3.  at 

3.90 

4.25 
3.75 
3.30 
3.00 
2.95 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

2.60 

2 

2.00 

3 

2.00 

4 

2.00 

5 

2.00 

6 

2.00 

7  

2.60 

8 

2.60 

9 

2.00 

10 

2.60 

11  

2.00 

12 

2.60 

13 

2.00 

14 ... 

2.60 

16 

2.60 

16 

2.00 

17           

2.00 

18 

2.00 

19 

2.50 

20 

2.50 

21 

2.  SO 

22 

2.50 

23 

2.  SO 

24 

2.50 

25 

2S0 

26 

2.50 

27 

2.50 

28 

2.  SO 

29 

250 

30 

2.50 

31 

2.50 

RIO   GRANDE   NEAR  DEVILSRIVER,  TEXAS. 

This  station  was  established  in  April,  1900,  by  the  InternationaL 
(Water)  Boundary  Commission.  It  is  alongside  the  Southern  Pacific 
Railway  track,  about  a  half  mile  below  the  mouth  of  Devils  River 
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and  about  480  miles  below  EI  Paso.     During  1900  the  following  meas- 
urements of  discharge  were  made : 

Discharge  measurements  of  Rio  Grande  near  Devilsriver,  Texas, 


Date. 


Qaffe 
height. 


IWX). 

May  25 

May  81 

Jnne4 

June  8 

Jnnel2 

Jane  15 

Jnneao 

jDzie23 

June  27 

Jnne30 

Julyi 

Jnly7 

July  13 

July  20 

Jnly24 

July  28 

August  1 

August  7 

August  11 

August  15 

August  20 

August  21 

August  28 

September  1 


Feet. 
4.90 
3.90 
4.45 
4.20 
3.90 


4. 
4. 
4. 
3. 
4. 
4. 


60 
10 
10 
70 
70 
30 
4.40 
6.40 
4.90 
5.56 
5.90 
0.70 
6.45 
7.75 
6.10 
6.00 
5.25 
5.20 
4.75 


Dis- 
charge. 


Sec.-ft 
5,586 
3,3(6 
5,062 
4,064 
3,548 
5,101 
8,990 
8,725 
2,826 
4,948 
8,848 
5,009 
10,478 
5,613 
7,692 
9,151 
10,917 
10,609 
14,735 
8,854 
8,971 
6,653 
6,205 
6,277 


1900. 

September  6 

September  11 

September  15 

Septem1)er21 

September  25 

October  4 

October  10 

October  14 

October  22 

October  25 

October  27 

Novembers 

November  7 

November  10 

November  15 

November  20 — 

November  24 

Novemljer  28 

December  4 

December  8 

December  13 

December  18 

December  23 

December  29 


Oage 

height. 


Feet. 
8.50 
4.30 
5.30 
4.50 
7.60 
5.80 
5.00 
4.70 
5.00 
5.00 
4.70 
4.50 
4.25 
4.20 
4.06 
4.00 
3.95 
8.86 
3.80 
3.75 
75 
75 
70 


3. 
3. 
3. 
3.66 


Dis- 
cbarga 


Sec.-ft. 
18,012 

.  4,261 
6,643 
4,531 
13.457 
7,562 
5,460 
4,428 
6,343 
5,364 
4,519 
4.013 
3,346 
3,288 
2,990 
2,011 
2,770 
2,655 
2,662 
2,435 
2,466 
2,419 
2,346 
2,348 


Daily  gage  height,  in  feet,  of  Rio  Grande  near  Devilsriver,  Texas,  for  1900, 


bay. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

JL^O\3« 

1 

3.60 
3.60 
3.50 

4.20 
4.70 
6.60 

3.95 
4.06 
3.70 

6.75 
6.90 
6.90 

4.65 
.'>.95 
4.60 

6.25 

4.70 
5.00 

4.85 
4.60 
4.46 

3.80 

2 

3.80 

3 

3.80 

4 

3.50 

4.40 

4.10 

6.75 

5.00 

5.70 

4.40 

3.80 

5 

3.30 

4.35 

4.60 

8.70 

6.80 

5.60 

4.40 

8.80 

6 

3.35 

4.30 

4.65 

7.46 

8.50 

6.45 

4.30 

8.80 

7 

3.56 

4.46 

4.40 

6.35 

5.80 

6.26 

4.30 

8.80 

8 

3.60 

4.15 

4.40 

9.46 

4.30 

5.10 

4.30 

8.80 

» 

3.80 

3.85 

4.40 

10.50 

3.95 

5.00 

4.25 

8.80 

10 

3.90 

3.75 

3.75 

0.65 

3.90 

5.00 

4.20 

8.80 

U 

3.80 

3.75 

3.60 

7.70 

4.36 

5.00 

4.20 

3.80 

12 

3.80 

3.90 

3.60 

7.10 

4.35 

4.85 

4.20 

3.80 

13 

3.65 

3.ft5 

6.75 

6.70 

4.65 

4.80 

4.20 

8.80 

14 

3.90 

3.85 

7.10 

6.40 

6.70 

4.65 

4.10 

8.80 

15 

4.45 

4.66 

6.30 

6.10 

5.15 

4.45 

4.05 

8.80 

16 

3.80 
3.70 
3.60 
3.60 

4.45 
4.35 
4.50 
4.60 

6.45 
6.60 
6.35 
5.15 

6.55 
5.45 
6.20 
6.00 

5.00 
4.95 

4.85 
4.70 

4.40 
4.40 
4.35 
4.55 

4.00 
4.00 
4.00 
4.00 

8.80 

17 

8.80 

18 

8.80 

19 

aTO 

20 

3.50 

4.20 

4.80 

6.10 

4.60 

6.40 

4.00 

3.70 

21   

4.10 
6.15 
0.15 
4.70 
4.80 

3.96 
3.85 
8.95 
3.85 
3.60 

4.40 
4.40 
5.60 
5.25 
4.50 

6.30 
5.80 
6.90 
5.15 
4.90 

4.50 

9.90 

16.60 

12.25 

7.10 

6.25 
5.  a) 
4.76 
6.00 
5.00 

4.00 
4.00 
4.00 
4.00 
3.85 

8.70 

22 

8.70 

23     

3.70 

S:::: ::::::::::::::::::::::::::::::: 

8.70 

» 

8.70 

2B 

4.35 
4.06 

•I.  00 
3.90 

3.40 
8.60 
3.50 

8.75 

4.75 
5. 05 
5.75 
5. 70 

4.85 
5.55 
5.20 
4.55 

5.60 
5.00 
4.80 
6.80 

4.85 
4.70 
4.50 
4.50 

8.80 
8.80 
3.80 
3.80 

8.70 

27 

3.70 

28 

3.70 

20 -. 

3.70 

30 

3.80 
3.80 

4.65 

6.30 
6.35 

4.75 
4.56 

6.10 

4.50 
5.25 

3.80 

3.70 

31 

3.70 

RIO  GRANDE   NEAR  EAGLE  PASS,   TEXAS. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  a  half  mile  above  the  railway 
bridge  between  Eagle  Pass  and  Ciudad  Porfirio  Diaz,  Mexico,  and 
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about  540  miles  below  El  Paso,  Texas.     During  1900  the  following 
measurements  of  discharge  were  made : 

Discharge  measurements  of  Rio  Grande  near  Eagle  Pass,  Texas. 


Date. 


May  27.. 

May  80 

Jnne6, 

June  8 

June  11 

June  15 

June  18 

June  21 

June  22 

June  25 

June  29 

July  2 

July  6 

July^ 

July  13 

July  14 

July  16 

July  23 

July  30 

August  8 

Auffust  6 

AufiTUst  20... 

August  2!$ 

August  27 — 

August  31 

September  3 


1900. 


Feet. 
4.20 
3.80 
3.90 
3.80 
3.70 
3.90 
4.30 
3.80 
3.60 
3.70 
8.50 
3.70 


80 
00 
20 
6.55 
6.80 
3.90 
4.80 
5.30 
6.30 
4.50 
4.85 
4.20 
4.10 
4.40 


Dat«. 


Sec.-ft. 
7,321 
5,182 
6,098 
5.867 
4,90f» 
6,030 
6,743 
5,329 
4,794 
6,042 
4,519 
4,451 
4,994 

5,8;«) 

7.401 

16.111 

16,733 

5,766 

10.359 

12,524 

17,026 

8,187 

9,363 

6,556 

6,369 

7,689 


1900. 

September  11 

September  14 

September  29 

October2 

October  5 

Octobers 

October  15 

October  23 

October  25 

October  36 

October  29 

November  5 

November  7 

November  12 ^. 

November  16 

November  19 

November  21 

November  21 

November  26 

November  28 

November  30 

December  4 

Decembers 

December  11 

December  27 


Di3 
charge. 


Feet. 

Sec-fL 

3.90 

6..50B 

4.55 

10.  VJA 

4.50 

13.851 

4.40 

12.;>l7 

4.80 

12,33) 

4.20 

8,900 

3.80 

6..^ 

4.20 

7.674 

4.10 

6,896 

4.20 

7.3» 

3.90 

6.74S 

3.60 

5,799 

3.40 

5.618 

3.20 

5,984 

3.20 

4.837 

3.30 

5.768 

3.30 

4,8» 

3.30 

4,781 

3.20 

4,877 

3.20 

4,72» 

3.10 

4,t» 

3.10 

4.4AI 

3.10 

4,53S 

3.10 

4.379 

2.90 

3.454 

Daily  gage  height  ^  in  feet,  of  Rio  Grande  near  Eagle  Pass,  Texas,  for  UKH). 


Day. 

May. 

3.70 
3.55 
3.45 
3.36 
3.25 
3.20 
4.00 
3.50 
3.2r) 
3.a5 
3.50 
3.50 
3.50 
7.40 
10.50 
6.55 
4.80 
4.30 
4.30 
4.20 
4.20 
5.30 
5. 10 
5.05 
4.95 
4.55 
4. 15 
3.JX) 
3.85 
3.80 
3.80 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec- 

1 

3.80 
3.80 
3.75 
4.65 
4.15 
3.JK) 
4.00 
3.80 
4.10 
3.70 
3.70 
3.70 
3.65 
3.80 
3.95 
4.00 
4.50 
4.;i5 
3.80 
3.70 
3.80 
3.60 
3.60 
3.60 
3.65 
3.40 
3.10 
3.90 
3.40 
6.00 

3.75 
3.70 
3.75 
3.90 
4.00 
4.30 
4. 10 
4.00 
3.70 
3.45 
3.45 
3.a5 
4.20 
6.  .55 
5.85 
5.60 

5.a5 

6.30 
4.70 
4.a5 
4.05 
3.{)0 
8.JK) 
3.W 
3.80 
4.10 
4.65 
4.95 
4.80 
4.75 
6.15 

5.40 
5.30 
5.20 
5.65 
6.50 
6.16 
6.70 
5.90 
9.75 
7.90 
7.35 
6.60 
6.05 
5.65 
6.45 
6.20 
4.90 
4.85 
4.60 
4.50 
5.15 
5.20 
5.00 
4.9(t 
4.35 
4.20 
4.30 
4.56 
4.45 
4.30 
4.10 

6.15 
4.00 
4.45 
4.00 
4.40 
6.20 
6.30 
4.20 
3.90 
8.70 
3.60 
3.90 
4.10 
4.60 
4.55 
4.40 

4.a5 

4.25 
4.00 
4.U5 
3.90 
5.80 
11.70 
10.80 
9.95 
6.10 
5.45 
4.90 

4.a5 

5.20 
1 

5.a5 

4.70 
4.90 
4.95 
4.70 
4.45 
4.50 
4.40 
4.35 
4.30 
4.20 
4.15 
4.00 
a  95 
a  85 

a  85 
a  90 

4.50 
4.15 
4.95 
5.30 
4.45 
4.15 
4.05 
4.05 
4.45 
4.05 
4.20 

a  95 

3.90 
4.06 

a  80 

4.0(> 

a  80 
a  65 
a  60 
a  50 
a  50 
a  45 
a  40 
a  50 
a  46 
a  40 
a  35 
a  30 
a  40 
a  35 

a:«) 

a  30 
a  30 
a  30 
a  30 
a  30 
aj» 
a  25 
a  20 
a  20 
a  30 
a  20 
aao 
a  20 

asD 

2       

a2U 

3           

3.20 

4 

3.10 

5 

3  10 

6 

a  10 

7 

3.10 

8 

a  10 

9                 

3.10 

10 

a  10 

11  

a  10 

12 

3.10 

13 

a  10 

14  

am 

15 

am 

16 

am 

17 

a  05 

18 

aoo 

19        

aao 

20 

a  (JO 

21 

2.96 

22 

2.90 

23 

2.96 

24 

aoo 

26 

aao 

26 

2.90 

27 

2  00 

28 

2.90 

28 

2.90 

ao 

2.00 

31 

2.00 

1 

GREEN  RIVER  AT  GREENRIVBR,    WYOMING. 

This  station  was  established  May  2,  1895.  It  is  at  the  pamp  house 
of  the  Union  Pacific  Railway  Company.  A  description  of  the  station 
was  published  in  Water-Supply  Paper  No.  37,  page  286.     Results  of 


WYOMING. 
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measarements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  302.  The  station  was  discontinued  March  31, 
1900.     No  measurements  of  discharge  were  made  during  the  year. 

Daily  gage  Jieight^  in  feet,  of  Green  River  at  Oreenriver,  Wyoming ,  for  1900. 


Day. 


Jan.       Feb. 


1 

•> 

1.65 

3 

4 

1.70 

5 

6 

1.75 

i ....... 

8 

1.80 

9 

10 

i.so 

U 

1.85 

1.65 
'i.65 
"i."66' 


Mar. 


Day. 


Jan. 


1.50 
"i.'55' 

i.'es" 


■"i."6o" 

'■  i.'so' 

1.60 

1.20 

12 

13 

14 

1.85 

15 

16 

1.85 

17 

18 

1.85 

19 

30 

1.85 

21 

22 

1.80 

Feb.       Mar 


Day.       Jan. 


Feb. 


1.60        1.30 


1.55 


1.55 
1.55' 


1.50 

i.'so" 


1.25 

i.'so" 


1.30 

i.'so 
i."36" 


23 

24 

25.... 
28 

28... .J 

29 

30 

31 


1.75 
'i"75' 
'i"76' 


1.70  ,. 


1.45 

i.'is 

"i'.&i)' 


Mar. 


1.65 


1.35 

i'io 

"1^56 

"i'eo 


BLACK  FORK  OF  GREEN  RIVER  NEAR   GRANGER,  WYOMING. 

This  station,  established  April  28,  1897,  is  below  the  mouth  of  Hams 
Fork.  It  is  described  in  Water-Supply  Paper  No.  37,  page  287.  Results 
of  measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  303.  During  1900  the  following  measurements 
were  made  by  A.  J.  Parshall: 

May  3:  Gage  height,  1.45  feet;  discharge,  778  second-feet. 
May  15:  Gage  height,  2.85  feet;  discharge,  1,969  second-feet. 
June  7:  Gage  height,  2.20  feet;  discharge,  1,455  second-feet. 
June  20:  Gage  height,  0.85  foot;  discharge,  468  second-feet. 
Joly  4:  Gage  height,  0.13  foot;  discharge,  75  second-feet. 
July  28:  Gage  height,  —0.20  foot;  discharge,  «7  second-feet. 

Daily  gage  heightj  in  feet,  of  Black  Fork  of  Green  River  near  Granger,  Wyoming, 

for  1900.  • 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July.  1  Aug. 

Sept. 

1 

0.65 

.70 

.75 

.75 

.85 

1.00 

1.00 

1.00 

1.35 

1.35 

1.25 

1.30 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

1.05 

1.30 

1.30 

1.30 

1.30 

1.25 

1.20 

1.30 

1.30 

1.30 

1.60 

1.75 
1.70 
1.45 
1.50 
1.55 
1.65 
1.80 
1.90 
2.00 
2.25 
2.  (JO 
2.90 
2.95 
2.90 
2.55 
2.50 
2.60 
2.70 
2.70 
2.70 
2.45 
2.55 
2.55 
2.85 
2.95 
2.95 
3.00 
3.a5 
3.40 
3.25 
3.05 

2.96 

2.90 

2.50 

2.45 

2.20 

2.20 

2.30 

2.15 

2.05 

2.05 

1.8;'5 

1.70 

1.60 

1.50 

1.4^) 

1.25 

1.10 

l.(KJ 

1.00 

.95 

.85 

.75 

.70 

.65 

.60 

.65 

.65 

.55 

.a5 

.25 

0.20     -0.20 

.30  1  -  .20 

.15  '  -  .20 

.10     -  .20 

1        .10     -  .30 

.05     -  .311 

.00     -  .20 

.00     -  .20 

.00     -  .20 

.00     -  .20 

.00     -  .30 

.00  ,  -  .20 

-.10     -  .30 

-.20     -  .20 

-.20  a-. 20 

-.20   a-  .30 

-.20   o-  .20 

-.2j»  «-.30 

-.;J0  a-  .20 

-.;iO  a-  .20 

-.30  a-  .20 

-.3l»   a-  .20 

-.30  a-  .20 

-.10  a-  .20 

.00  a-  .20 

-.05  ,a-  .2(» 

-.10  a-  .20 

-.30  la-  .20 

-.20  a-  .20 

-.30  a-  .20 

-.20  a-  .20 

a-0.20 

2 

3 

1.30 

1.70 

4 

5 

6 

1.30 

7 

1 

(a) 

8 

(a) 

9 

1 

(a) 
(a) 

10 

i.eo 

1.80 
1.95 
2.60 
2.80 
2.05 
1.35 
1.25 
1.35 

11  

(a) 

12. 

(a) 

13 

1.30 

(a) 

14 

(a) 

15 

(a) 
(a) 

16 

17 

1.60 

(a) 
(a) 
(a) 

18 

19       .  ...                        

30 

1.30 

21 

(«) 

22 

fa 
(a) 

23 

24 

1.80 

.90 

(a) 

25 

26 

27 

1.30 

28 

(a) 

29 

(o) 

ao 

(a) 

31 

.70 

"•-""--•■--* —  --».--, —  

a  Water  standing  in  poola. 
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ASHLEY  CREEK   NEAR   VERNAL,  UTAH. 

This  stream  drains  an  area  directly  east  of  the  Uinta  Basin. 
About  7^  miles  above  the  town  of  Vernal  the  river  appears  from  its 
canyon,  and  within  the  next  few  miles  a  series  of  canals  divert  its 
low-water  flow,  which  is  applied  to  the  adjacent  lands — Vernal  Val- 
ley— which  are  extensively  irrigated.  This  valley  is  described  in 
detail  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  311  to  313. 
A  gaging  station  was  established  in  the  canyon  of  this  stream  on 
March  15,  1900,  by  C.  T.  Prall.  It  is  located  at  the  ranch  of  the 
observer,  E.  Marett.  The  gage  is  a  vertical  rod,  painted  white,  fas- 
tened to  the  west  side  of  the  single  pier  of  the  wagon  bridge.  The 
bench  mark  is  a  20-penny  nail  driven  in  the  pier  opposite  the  4-foot 
mark.  The  channel  is  straight  for  a  distance  above  and  below  the 
bridge,  and  the  bed  is  rocky.  At  high  stages  two  other  channels 
discharge  a  portion  of  the  water,  and  these  also  have  to  be  measured. 

The  three  principal  canals  diverting  water  from  Ashley  Creek  below 
the  gaging  station  are,  in  order  downstream.  Upper  Ashley  canal, 
Rock  Point  canal,  and  Central  Ashley  canal.  During  the  season  of 
1900  they  were  measured  twice  bj-  C.  C.  Babb,  with  the  following 
results : 

DiscJiarge  measurementa  of  canals  diverting  toater  from  Ashley  Creek* 


Date. 


May  29  ... 
Angnst  21. 


1000. 


I  Upper 
I  Ashley 
'    canal. 


Sec- ft. 

181 

al2 


Central 

Ashley 

canal. 


Sec.'/t. 
Ifr 
a  10 


a  At  measuring  weir. 

On  October  30,  1900,  Ashley  Creek  was  measured  by  A.  L.  Fellows 
at  its  mouth,  near  Jensen,  Utah,  and  a  discharge  of  11  second-feet  was 
found.  During  the  year  the  following  measurements  were  made  at 
the  regular  station  in  the  canyon  by  C.  T.  Prall  and  others: 

DiscJiarge  measurements  of  Ashley  Creek  near  Vernal^  Utah, 


Date. 

Gage 
height. 

Dis- 
charge. 1 

1 

34  ' 
37  1 

776 
306 

1 

Date. 

Gage 
height. 

Dis- 
charg«. 

1900. 
Februarys 

Feet. 

1900. 
July  23 

Feet. 

0.67 

.67 

.60 

.55 

Sec  ft. 
78 

March  15 

0.48 

.tf2 

3.20 

1.74 

83 

May  1 

August  21 

41) 

May  28 

November  12 

47 

Junell  

UTAH. 
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Daily  gage  height,  in  feet,  of  Ashley  Creek  near  Vernal,  Utah,  for  1900, 


Day. 


1 

j5 

3 

4 

5 

6 

7  

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

0.48 

19 

.48 

20 

.48 

21 

.48 

.49 

a 

.50 

24 

.50 

25 

.49 

28 

.49 

27 

.48 

28 

.48 

29 

.48 

») 

.48 

31 

.48 

Mar. 


Apr. 


0.48 
.48 
.49 
.60 
.40 
.49 
.48 
.48 
.63 
.50 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.58 
.63 
.60 
.60 
.60 
.60 
.60 
.65 
.65 


May.  I  June. 


0.60 
.65 
.68 
.70 
.98 
1.20 
1.20 
1.60 
2.20 
2.60 
2.85 
2.50 
2.26 
2.05 
2.20 
2.50 
2.50 
2.45 
2.80 
2.20 
2.35 
2.60 
3.00 
8.20 
3.25 
3.30 
3.45 
3.85 
3.15 
2.80 
2.65 


2.45 
2.40 
2.25 
2.40 
2.00 
1.85 
1.70 
1.65 
1.70 
1.70 
1.75 
1.65 
1.55 
1.50 
1.45 
1.43 
1.40 
1.35 
1.20 
1.20 
1.2U 
1.20 
1.15 
1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 


July. 


0.05 
.tt5 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.80 
.80 
.75 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 


Aug. 


0.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.60 
.60 
.60 
.55 
.55 
.55 
.55 
.55 
.55 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 


Sept. 

Oct. 

Nov. 

0.55 

0.70 

0.60 

.56 

.65 

.60 

.60 

.65 

.60 

.50 

.65 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.50 

.60 

.55 

.50 

.65 

.55 

.50 

.60 

.55 

.58 

.60 

.55 

.65 

.60 

.55 

.00 

.60 

.55 

.60 

.60 

.55 

.55 

.60 

.55 

.65 

.60 

.55 

.55 

.60 

.55 

.55 

.60 

.55 

.55 

.60 

.60 

.55 

.60 

.60 

.65 

.60 

.60 

.55 

.60 

.60 

.60 

.60 

.65 

.60 

.60 

.65 

.75 

.60 

.65 

.70 

.60 

.60 

.65 

.60 

.60 

.70 

.60 

.60 

.70 

.60 

.55 

.65 

.60 

.55 

.65 

.60 
.60 

.55 

Dec 


0.55 
.55 
.55 
.55 
.65 
.55 
.65 
.55 
.55 
.55 
.55 
.55 
.65. 
.55 
.50 
.50 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 


UINTA  RIVER  NEAR  WHITEROCKS,  UTAH. 

This  station,  established  by  C.  C.  Babb  on  September  16,  1899,  is 
described  in  Water-Supply  Paper  No.  37,  page  288.  During  1900  daily 
records  were  not  kept  at  this  place,  but  frequent  measurements  of 
discharge  were  made  by  C.  T.  Prall  and  others,  as  follows : 

Discliarge  measurements  of  Uinta  River  near  Whiterocks,  Utah. 


Date. 


Qage 
height. 


1900. 

Januarys 

Januarys 

January  16 

January  22 

January  30 

February  5 

February  12 

February  19  ..^. 

February  26 

March  6 

March  12 

March  19 

March  26 

April9 

April  16 

May22 .— . 

Junel 

JuneH 

June  15 


Feet. 

a  1.05 

G.90 

a. 92 

al.OO 

al.05 

a. 90 

a. 88 

al.02 

.84 

.85 

.89 

.«) 

.87 

.92 

.86 

2.30 

2.20 

1.81 

1.60 


Dis- 
charge. 


Sec.-/t. 
lU 
105 
•  113 
116 
114 
112 
106 
117 
115 
121 
130 
120 
130 
144 
133 
1,162 
1,059 
691 
477 


Date. 


I  Gase  '      Dis- 
heignt.,  charge. 


1900 

June  22 

June  29 

July  7 

July  12 

July  20 

August9 

August  21 

September  4  . . . 
September  17  . . 

Octo>jer9 

October  29 

Novembers.  .. 
November  19... 
November  26... 

December  3 

December  11 ... 
December  17 ... 
December  24  ... 


Feet. 
1.50 
1.3^ 
1.20 
1.10 
1.04 


05 

02 

04 

.96 

1.00 

.95 

.90 

.90 

.95 

1.05 

al.OO 

al.OO 

a. 95 


Sec.-ft. 
418 
U\ 
250 
224 
196 
182 
186 
165 
150 
16a 
145 
128 
136 
150 
170 
134 
143 
1133 


a  Gage  height  doubtful  on  account  of  ice. 
WHITEROCKS   RIVER  NEAR  WHITEROCKS,    UTAH. 

This  station  was  established  Septemtor  15,  1899,  by  C.  C.  Babb,  in 
connection  with  the  investigation  of  the  water  supply  for  the  Uinta 
Indian  Reservation.     It  is  in  the  canvon  of  the  river,  about  10  miles 
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above  the  Indian  agency  at  Whit^rocks,  and  is  described  in  Water- 
Supply  Paper  No.  37,  page  289.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  322, 
323,  and  324.  Daily  gage  readings  were  not  maintained  during  1900, 
but  frequent  measurements  of  discharge  were  made  by  C.  T.  Prall 
and  others,  as  follows: 

Discharge  measurements  of  Whiterocks  River  near  Wliiterocks,  Utah. 


Date. 


1000, 

January  4 

JaDuary  9 

January  17 

January  23 

January  31 

February  13 

February  230 

February  27 

March  6 

March  13 

March  20 

March  27 

April  10 

April  17 

May  23 

June2 


Gapre  '      Dis- 
height.  charge. 


Date. 


I  Gage 
,  height. 


I- 


Feet. 

a  0.96 

a. 95 

a. 93 

a. 90 

a. 90 

a  1.00 

a. 96 

1.00 

1.00 

.80 

.82 

.88 

.86 

.92 

2.80 

2.20 


Sec. 


■ft. 
50 
46 
46 
49 
44 
46 
44 
63 
59 
49 
47 
45 
41 
47 
730 
488 


1900. 

June7 

June  16 

June  23 

June  30 

July6 

July  13 

July21 

August  10 

August  22 

September  5 

September  18 

October  10 

October  30 

November  6 

November  20 


Feet. 
1.80 
1.80 
1.52 
1.33 
1.22 
1.16 


10 

10 

10 

10 

04 

1.05 

.88 

.95 

.95 


Dis- 
charge. 


Sec.-ft. 
290 
194 
166 
125 
98 
79 

m 

68 
66 
59 
53 
65 
49 
61 
57 


a  Gage  height  doubtful  on  liccount  of  ice. 
UINTA   RIVER   AT   FORT   DUCHESNE,  UTAH. 

This  station,  established  by  C.  C.  Babb  on  September  14,  1899,  is 
at  the  highway  bridge  at  the  military  post.  It  is  described  in  Water- 
Supply  Paper  No.  37,  page  290.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  322, 
323,  and  324.  During  1900  the  following  measurements  of  discharge 
were  made  by  C.  T.  Prall  and  others: 

Discharge  measurements  of  Uinta  River  at  Fort  Diuehesne^  Utah, 


Datei 


1900. 


January  5 . . . 
January  11- . 
January  19.. 
January  25.. 
February  2  . 
February  10. 
February  lo. 
February 22. 

March  2 

March  8 

March  14 

March  21.... 
March28.-. 

April  12 

April  18... -. 

April  27 

May  8 

May  14 

May  IB 

May  18 

May  21 

MayU 

May  31 

June9 


Gage 
height. 

Dis- 

charge. 

Feet. 

Sec.-ft. 

a2.56 

129 

a  2. 50 

118 

a2.60 

132 

a  2. 55 

\22 

o2. 55 

119 

a2.60 

101 

a2. 56 

115 

2.67 

143 

2.77 

149 

2.85 

173 

2.61 

137 

2.42 

84 

2.37 

62 

2.43 

76 

2.39 

72 

2.41 

72 

2.48 

90 

3.17 

376 

3.69 

798 

3.98 

1,202 

3.87 

1,015 

4.35 

1,972 

4.14 

1.254 

3.46 

501 

Date. 


Gage  ,      Dis- 
height   charge. 


1900. 


June  13 

June  18 

June  25 

July2 

July  2 

July9 

July  17 

July  25 

August  4 

August  17 

August  28 

September  11. 

Octobers 

October  28.... 
November  3.. 
November  10. 
November  17. 
November  24. 
November  29. 
Decembers  .. 
December  15 . 
December  22  . 
December  26  . 


TU    I 


Feet. 
3.30 
3.05 
£.98 
2.76 
2.76 
2.59 
2.39 
2.44 
2.21 
2.J8 
2.27 
2.58 
2.62 
2.&1 
2.63 
2.62 
2.65 
2.74 
2.61 
2.65 
2.65 
2.65 
2.60 


Sec.-ft. 

420 

284 

197 

170 

169 

114 

58 

68 

19 

25 

34 

91 

05 

103 

101 

97 

1(J8 

114 

94 

95 

103 

100 

91 


a  Gage  height  doubtful  ou  account  of  ice. 
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Daily  gctge  height ,  infeetj  of  Uinta  River  at  Fort  Ditcliesne^  Utah,  for  lUoO, 


Day. 


Mar. 


1 (a 

2 (a 

I (a 

4 2 

5 2. 

ft 2. 

7  — 2. 

8 1  2. 

% 2. 

10 2. 

U 2. 

B 2. 

B 2. 

M 2. 

te 2. 

16 2. 

K 2. 

K 2. 

19 2. 

» 2. 

fl 2. 

5»  * 

<»<   •■-.....    ....    ......  M. 

21 2. 

24 2. 

25 2. 

» 2. 

f: 2. 

a^ 2. 

9 2. 

3U 2. 

& •> 


) 

) 

) 

2.78 

4  < 

74 

78 

80 
08 
H7 

6S 

61 

58 

o< 

56 

53 

52 

47 

44 

42 

41 

41 

41 

42 

4.) 

38 

38 

42 

2.4;) 


Apr. 


2. 
2. 


2. 

2. 


2.42 

2.41 
2.44 
2.49 
2.54 
2.55 
2.54 
2.53 
2.53 
2.52 
2.46 
2.46 
2.47 
2.47 
2.46 
2.43 
2.41 
2.40 
40 
40 
2.44 
2.41 
2.43 
41 
40 
2.39 
2.41 
2.44 
2.60 
2.61 


May.     Juno.      July.      Aug.     Sept. 


54 
51 
48 
45 
48 
2.53 
2.52 
2.56 
2.60 
2.76 
3.10 
3.38 
3.25 
3.20 
3.26 
3.67 


3.80 
4.42 
3.97 
3.89 
3.84 
4.05 
4.20 
4.33 
4.26 
4.38 
4.50 
4.53 
4.38 
4.17 
4.09 


3.98 
3.85 


3. 
3. 
3. 
3. 


78 
71 
63 
50 


3.53 


3. 
3. 
3. 


.47 
45 

.39 
3.43 
3.43 
3.33 
3.20 
3.17 


2.75 
2.78 
2.75 
2.72 
2.62 
2.60 
2.60 
2.59 
2.54 
2.48 
2.43 
2.40 
2.38 


3.10 

3.08 

3.04 

3.01 

2.98 

2.99 

2.96 

2.94 

3.00 

2.98 

2.98 

2.85 

2.87 

2.82 

2.30 

2.80 

2.24 

2.21 
2.20 
2.20 
2.20 
2.35 
2.47 
2.43 
2.40 

2.33 
2.25 
2.25 
2.25 
2.25 
2.25 
2.19 
2.17 
2.17 
2.20 
2.22 
2.27 
2.30 
2.30 
2.30 
2.30 

MP* 

2. 


2.20 

2.23 
2.35 
2.45 
2.43 
2.40 
2.39 
2.40 
2.48 
2.60 
2.53 
2.50 
2.44 
2.44 
2.43 
2.42 
2.42 
42 
43 
44 
45 
50 
2.68 
2.74 


3? 

2.74 

33 

2.60 

31 

2.53 

30 

2.52 

29 

2.52 

25 

Nov.       Dec. 


2.63 

2.63 

3.70 

2.68 

2.65 

2.70 

2.69 

2.65 

2.70 

2.63 

2.65 

2.70 

2.60 

2.65 

2.63 

2.55 

2.61 

2.68 

2.55 

2.64 

2.58 

2.60 

2.64 

2.60 

2.60 

2.66 

2.63 

2.60 

2.65 

2.70 

2.60 

2.65 

2.65 

2.60 

2.65 

2.60 

2.60 

3.65 

2.50 

2.50 

2.65 

2.40 

2.58 

2.65 

2.40 

2.05 

2.65 

2.50 

2.65 

2.05 

2.60 

2.70 

2.65 

2.00 

2.70 

2.70 

2.60 

2.70 

2.70 

2.60 

2.68 

2.75 

2.80 

2.65 

2.80 

2.00 

2.68 

2.80 

2.50 

2.68 

2.75 

2.40 

2.65 

2.75 

2.50 

2.65 

2.70 

2.00 

2.65 

2.67 

2.60 

2.65 

2.65 

2.60 

2.65 

2.61 

2.60 

2.65 

2.60 

2.65 

a  Frozen. 


b  No  record  July  15  to  28. 


During  the  year  two  of  the  largest  canals  diverting  water  from 
Uinta  River  in  this  locality,  known,  respectively,  as  Canal  No.  1  and 
Bench  ditch,  both  heading  above  Fort  Duchesne,  were  measured  twice, 
with  the  following  results : 


Di^teharge  meaaurements  of  canals  above  Fort  Dncheane. 


I     Canal  No.  1. 


Date. 


June  9 

October  10. 


1000. 


Oage 
height 


Feet. 
1.10' 

.8 


Sec. 'ft. 

81 

9 


Bench  ditch. 


Gage  I      Dis- 


rage 
ight. 


height.:  charge. 


Feet 

1.10 

.70 

Sec.  -ft 
28 

UINTA   RIVER   AT   OURAY   SCHOOL,  UTAH. 

This  station,  established  November  8, 1899,  is  at  the  highway  bridge 
over  the  river  near  the  Ouray  School,  on  the  Uinta  Indian  Reservation. 
It  is  described  in  Water-Supply  Paper  No.  37,  page  291.  Results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 


372  OPERATIONS    AT   RIVER   STATIONS,   1900- — PART   IV.         [no.  30. 


Report,  Part  IV,  pages  322  and  324.     During  1900  the  following  meas- 
urements of  discharge  were  made  by  C.  T.  Prall  and  othera. 

DiseJiarge  meamirementa  of  Uinta  River  at  Ouray  School^  Utah, 


Date. 


1900, 

March  9 

March  22 

March  20 

April  13.... 

April  19 

May  4 

Jnnei 

June  13 

June  18 

JaDe25 

July  9 

July  25 


Gage 
heiglit. 

1 
Dis- 

charge. 

1 

Feet. 

Sec. -ft. 

0.80 

181 

.31 

83 

.26 

58 

.34 

78 

.23 

64 

.38 

90 

2.50 

764 

1.72 

427 

1.32 

290 

1.15 

251 

.38 

84 

-  .10 

32 

1 

Date. 


Gage        Dis-  . 


age 
iKh 


height   charge. 


1900. 

August  17 

August  28 

September  11 

Octobers 

October  27 

Novembers 

November  10 

November  17 

November  24 

November  30 

December  7 


Sec. 


'ft- 

31 

•M 

210 

103 

117 

114 

106 

108 

160 

»7 

74 


a  Gage  height  doubtful  on  account  of  ice. 
Daily  gage  height,  iufeety  of  Uinta  River  at  Ouray  School^  Utah^for  1900. 

June. 


Day. 

Mar. 

1 

(a) 

2 

a 

3 

« 
(a) 

4 

5 

(a) 

6 

(a) 

7 

(a) 

8 

(a) 

0 

0.80 

10 

11 

.64 

12 

.66 

13 

.58 

14 

.58 

15 

.52 

16 

.50 

17 

.48 

18 

.46 

19 

.40 

20 

.38 

21 

.35 

22 

.30 

23 

24 

.     .30 
.80 

25 

.31 

26 

.30 

27 

.30 

28 

29 

.28 
.20 

30 

.23 

31 

.29 

Apr. 

May. 

0.28 

0..50 

.35 

.48 

.30 

.42 

.45 

.38 

.30 

.39 

.46 

.47 

.48 

.49 

.47 

.47 

.42 

.56 

.42 

.90 

.35 

1.35 

.34 

1.89 

.37 

1.84 

.34 

1.72 

.30 

1.68 

.28 

2.27 

.27 

2.77 

.25 

2.95 

.24 

2.95 

.25 

2.95 

.29 

2.90 

.35 

3.85 

.46 

3.48 

.31 

3.73 

.31 

3.70 

.35 

3.70 

.25 

4.00 

.25 

4.15 

.1.05 

3.80 

.80 

3.55 

3.05 

3.30 
3.20 
2.70 
2.50 
2.40 
2.25 
2.10 
2.00 
1.90 
1.90 
1.82 
1.98 
1.70 
1.60 
1.50 


1.24 
1.25 
1.30 
1.15 
1.15 
1.30 
1.15 
1.02 


.85 
.82 


July. 

Aug. 

Sept. 

Oct 

0.70 

-0.23 

-0.05 

0.58 

.70 

~  .28 

.00 

.70 

-  .35 

-  .04 

.56 

.66 

-  .31 

.09 

.56 

.68 

-  .22 

.25 

.52 

.07 

.23 

.51 

.42 

.03 

.18 

.51 

.39 

-  .01 

.11 

.49 

.37 

-  .14 

.50 

-  .20 

.60 

.54 

.20 

-  .21 

.72 

.51 

.13 

-  .22 

.45 

.51 

-  .04 

-  .20 

.36 

.56 

~  .04 

-  .20 

.27 

.54 

-  .05 

-  .20 

.26 

.52 

-  .04 

-  .19 

.26 

.52 

.05 

-  .18 

.28 

.53 

-  .03 

-  .17 

.21 

.52 

-  .04 

-  .14 

.23 

.57 

-  .06 

-  .08 

.2t> 

.80 

-  .06 

-  .05 

.29 

.60 

-  .10 

-  .02 

.27 

.57 

-  .10 

-  .05 

.26 

.58 

-  .10 

-  .01 

.47 

.60 

-  .06 

.07 

1.10 

.57 

.07 

.10 

.70 

.56 

.01 

.07 

.70 

.56 

-  .13 

-  .01 

.65 

.60 

-  .16 

-  .02 

.60 

.53 

-  .19 

-  .04 

.58 

.54 

-  .20 

-  .07 

.49 

Nov. 


Dec. 


0.49 
.57 
.53 
.56 
.54 
.54 
.52 
.52 
.50 
.50 
.49 
.45 
.48 
.51 
.45 
.51 
.53 
.68 
.68 
.68 
.02 
.71 
.90 
.71 
.70 
.78 
.68 
.61 
.38 
.25 


0.30 
.43 
.30 

(a) 
(a) 
(a) 
(a) 
(a) 

.54 
6.46 


a  Frozen. 


b  Readings  discontinued  for  winter  December  11. 


LAKE  CREEK,  UTAH,  NEAR.  MOUTH. 

This  stream  has  its  source  on  the  southern  slope  of  the  Uinta 
Mountains,  and  drains  an  area  immediately  to  the  west  of  the  basiu 
of  Uinta  River.  It  empties  into  Duchesne  River  about  3  miles  above 
the  bridge  over  the  latter  stream  on  the  stage  road  from  Fort  Duchesne 
to  Price.  The  permanent  gage  rod  consists  of  a  1-inch  by  4-inch  by 
8-foot  board  nailed  vertically  to  the  west  abutment  on  the  lower  side 
of  the  wagon  bridge  near  the  mouth  of  the  creek.     Bench  mark  No. 
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1  is  a  20-penny  wire  nail  in  the  abutment  opposite  the  4.5()-foot  mark 
on  the  gage.  Bench  mark  No.  2  is  directly  over  the  gage  rod,  and 
is  the  head  of  a  wire  nail  in  the  southwest  corner  of  the  bridge 
upright.  Its  elevation  is  5,066.58  feet  above  sea  level;  the  elevation  of 
the  zero  of  the  rod  is  5,055.90  feet  above  sea  level.  The  channel  of  the 
river  has  a  sharp  bend  about  100  feet  above  the  bridge,  but  is  straight 
for  about  600  feet  below  it.  The  bed  is  composed  of  medium-sized 
cobblestones,  and  forms  a  fair  section.  During  flood  stages  measure- 
ments are  made  from  the  bridge,  but  at  other  periods  they  are  made 
by  wading  at  a  point  about  400  feet  below  it. 

Lake  Creek  is  formed  by  the  junction  of  an  east  and  a  west  fork 
about  25  miles  above  its  mouth.  During  1900  the  following  measure- 
ments were  made  of  these  forks  and  of  the  main  stream  a  short  dis- 
tance below  the  junction : 

Miscellaneous  discharge  measuretnents  of  Lake  Creek  a^ul  its  tributaries. 


Date. 


stream. 


1900. 
Ancru8t6... 

Do'.','".. 
AneuHt  U. 

Do'ir.'.; 


West  Fork.. 
East  Fork.., 
Lake  Creek 
West  Fork . 
East  Fork.. 
Lake  Creek 


Locality. 

Oage 
height. 

Above  month - 

Feet. 
1.40 

....do 

2.10 

One-half  mile  below  junction  of  forks . . 
Above  month 

2.67 
1.22 

....do 

1.94 

One-half  mile  below  junction  of  forks. . 

2.49 

Dis- 
charge. 


Sec.-ft. 

«8 

112 

290 

69 

87 

192 


During  1900  the  following  measurements  of  the  discharge  at  the 
main  station,  near  the  mouth  of  the  creek,  were  made  by  C.  T.  Prall 
and  others: 

Discliarge  ruea^urettients  of  Lake  Creek,  Utah,  near  mouth. 


Date. 


1900. 

July3 

July  18 

Augusts 

August  16 

August  23  ■ 

AugustSl 

September  7 

September  14 


Qage 

height. 

Dis- 

charge. 

Feet. 
2.40 

Sec.-ft 
256 

2.08 

134 

L96 

109 

1.86 

96 

1.88 

99 

1.80 

85 

l.«() 

101 

1.9K 

123 

Date. 


1900. 


October  4 

October  31.... 
Novembers . 
November  15 
November  23 
December  6  . 
December  13 
December  20 


Oage         Dis- 
heignt.   charge. 


Feet 

2.05 

1.95 

1.95 

1.98 

a  2. 10 

a2.32 

a2.38 

a2.10 


Sec.'ft 
132 
102 
105 
102 
138 
148 
121 
106 


a  Gage  height  doubtful  on  account  of  ice. 
DUCHESNE   RIVER  AT   PRICE  ROAD   BRIDGE,  UTAH. 

This  Station,  established  by  C.  C.  Babb  on  October  26,  1899,  is  3 
miles  below  the  mouth  of  Lake  Creek,  at  the  highway  bridge  on  the 
stage  road  from  Price  to  Fort  Duchesne.  It  is  described  in  Water- 
Supply  Paper  No.  37,  page  291.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  322, 
323,  and  325. 
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Twice  during  the  year  1900  C.  T.  Prall  measured  the  main  river  at 

the  ford  immediately  above  the  mouth  of  Strawberry  Creek,  or  alwut 

23  miles  above  the  main  station,  with  the  following  results: 

September  15:  Gage  height,  2.10  feet;  discharge,  216  second-feet. 
October  5:  Gage  height,  2.14  feet;  discharge,  282  second-feet. 

Mr.  Prall  also  made  two  measurements  of  the  flow  of  Strawberry 

Creek  a  short  distance  from  its  mouth  and  one-fourth  of  a  mile  below 

the  mouth  of  Indian  Creek,  with  the  following  I'esults: 

September  15:  Discharge,  84  second-feet. 

October  5:  Gage  height,  1.20  feet;  discharge,  92  second-feet. 

During  1900  the  following  measurements  at  the  main  gaging  station 
were  made  by  and  Mr.  Prall  and  othera: 

Discharge  measurementa  of  Duchesne  River  at  Price  road  bridge,  Utali, 


Date. 


I  Gase  I      Dis- 
helgnt.'  charge. 

I  I 


Date. 


1900 

March  10 

March  17 

March  23 

March  31 

April  U 

April  20 

May  5 

May  19 

May  25 

Jane5 

June  14 , 

June  21 

June  27 

July  11 

July  19 


Feet. 
5.25 

*^-& 

6.28 

311 

5.50 

393 

5.43 

328 

6.52 

414 

5.48 

391 

5.89 

583 

7.55 

2,674 

8.20 

3,807 

7.58 

2,667 

6.70 

1,466 

6.20 

995 

5.98 

677 

5.43 

441 

5.28 

386 

1900 

Augusts 

August  18 

August  28 

September  1 

September  7 

September  13... 
September  20... 

October  4 

October  81 

Novembers 

November  15... 
November  23 . . . 

December6 

December  13 


Gage 
height. 

Dis 

charge. 

Feet. 

Sec.-/t. 

5.10 

ssa 

4.98 

247 

5.U6 

2S4 

4.98 

L>4« 

5.07 

27y 

5.18 

s» 

5.06 

27.5 

5.25 

a£i 

6.20 

2W 

5.18 

294 

5.18 

»l 

5.30 

:»: 

5.38 

:£j6 

5.22 

316 

Daily  gage  height,  in  feet,  of  Duchesne  River  at  Price  road  bridge,  Utah^  for  l^iO, 


Day. 

Mar. 

1 

2 

3 

4 

5.41 

5 

6.42 

6 

5.46 

7 

5.38 

8 

5.40 

9 

5.30 

10 

5.27 

11 

5.35 

12 

6.34 

13 

5.29 

14 

5.30 

15 

5.31 

16 

5.29 

17 

5.29 

18 

5.29 

19 

5.27 

20 

5.27 

21 

5.29 

22 

5.30 

23 

5.45 

24 

5.70 

25 

5.95 

36 

5.69 

27 

5.73 

38 

5.r)9 

39 

b.m 

m 

5.43 

31 

5.43 

Apr. 


May.     June.   I  July.     Aug.      Sept.      Oct.    i  Nov.      Dec. 


5.48  . 

6.00 

8.58 

5.75 

5.11 

4.95 

6.31 

6.20 

5.a> 

5.32  1 

6.90 

8.35 

5.65 

6.12 

4.98 

5.31 

6.20 

5.27 

5.37 

5.88 

8.20  ; 

6.62 

6.11 

4.97 

5.29 

5.20 

b:& 

5.63  ' 

5.88 

8.10 

6.60 

5.12 

6.07 

5.28 

6.20 

5.39 

5.61  , 

6.85 

7.66  1 

6.60 

5.22 

5.15 

5.25 

5.20 

5.44 

5.58  ' 

6.95 

7.;»  1 

6.50 

6.86 

5.15 

5.22 

6.20 

5.45 

5.51 

6.06 

7.45  ' 

6.42 

6.32 

6.08 

6.20 

6.20 

5.4i» 

5  55 

6.10 

7.45  1 

6.40 

5.20 

6.02 

5.20 

5.20 

5.411 

5.56 

6.20 

7.24 

5.40 

5.19 

5.10 

5.19 

5.20 

5  a 

5.60 

6.46 

7.16 

5.39 

5.18 

5.23 

5.20 

6.20 

.5.S} 

5.50 

6.70 

7.00 

5.44 

6.11 

5.28 

6.20 

6.20 

5-1^0 

5.51 

7.04 

6.93 

5.40 

5.10 

5.20 

5.24 

6.19 

5.i) 

5.52  , 

6.93 

6.8!) 

5.39 

5.18 

6.24 

5.17 

5.2} 

5.51 

6.70 

6.73 

5.40 

5.12 

5.21 

5.18 

5.23 

5.48 

6.71 

6.60  1 

5.35 

5.09 

5.20 

5.18 

5.iJ 

5.49  1 

7.00 

6.50 

5.40 

5.66 

5.07 

5.21 

5.19 

(a\ 

5.46 

7.28 

6.4o 

5.40 

4.99 

5.02 

6.22 

5.19 

5.45 

7.45 

6.39  . 

5.36 

4.98 

6.01 

6.22. 

6.23 

5.43 

7.55 

6.35  ; 

5.31 

4.98 

6.01 

6.22 

5.22 

5.46  ' 

7.48 

6.26  , 

5.28 

5.00 

6.07 

5.29 

5.27 

5.51  , 

7.40 

6.23 

5.29 

5.08 

5.09 

6.28 

5.25 

5.59  ' 

7.48 

6.16  1 

5.29 

5.11 

5.09 

6.27 

5.31 

5.62  1 

7.80 

6.r3  i 

6.30 

5.05 

5.14 

5.28 

5.80 

5.61  ' 

8.05 

6.10  1 

5.35 

5.00 

5.39 

5.28 

5.80 

5.61  1 

8.20 

6.10  ! 

5.37 

5.02 

5.38 

6.28 

5.29 

5.58 

8.45 

'      6.03  1 

5.38 



5.29 

5.28 

5.21 



5.61  ' 

9.05 

5.99 

5.:)9 

5.54 

5.24 

5.20 

5.70 

9.35 

5.94 

5.37 

5.00 

5.39 

5.23 

5.20 

6.15 

9.U) 

5.90 

5.34 

5.30 

5.23 

5.20 

6.06  ; 

8.70 
8.50 

5.82  1 

5. 17 
5.12 

4.92 
4.92 

5.28 

5.23 
5.31 

6.20 

1 

1 

tt  Frozen. 
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OREEN  RIVER  DRAINAGE  IN  COLORADO. 

No  stations  are  maintained  in  Colorado  upon  Green  River  or  any 
of  its  tributaries,  but  in  November,  1900,  a  short  trip  was  made  into 
the  basin,  and  a  number  of  gagings  were  made,  the  results  of  which 
are  given  in  the  following  table : 

Miscellaneous  discharge  measurements  in  northivestem  Colorado. 


Date. 


Stream. 


Locality. 


Hydrogpapher.      ^^^^ 


Craig 


1900.  I 

Novembers Yampa  Ri^er „ 

November  6 '  Williams  River <  Hamilton 

Do '  AxialRiver 

November  2 YamiMt  River 

November  1 do 

Do Snake  River j Tdo 

November? White  River '  Meeker , 

Do Piciance  Creek White  River  City 

White  River Rangely 


Axial 

Thornbarg  Bridge. 
Lily  Park 


A.  L.  Fellows 
....do 


November  8 


do 
do 
do 
do 
do 
do 
do 


Sec.-ft. 

iS2 

35 

5 

3:22 

371 

\io 

•   :»i 

13 

413 


GRAND  RIVER,    COLORADO. 

This  stream  is  the  largest  in  Colorado,  and  drains  a  greater  portion 
of  the  State  than  any  other  river.  It  rises  in  the  north-central  part 
of  the  State,  in  Middle  Park,  and  drains  the  mountainous  country  on 
the  west  side  of  the  Front  Range  and  on  the  south  side  of  the  Conti- 
nental Divide,  the  river  and  its  tributaries  flowing  through  mountain- 
ous tracts  at  their  heads,  and  thence  through  canyons  and  broken 
country  throughout  the  rest  of  their  courses.  Upon  most  of  the  streams 
little  irrigation  has  been  practiced,  except  along  the  valleys  immedi- 
ately contiguous  to  the  channels.  The  Uncompahgre,  however,  is  an 
exception,  practically  all  of  the  water  of  that  stream  having  been 
diverted  and  used  in  irrigating  the  tablelands  of  the  Uncompahgre 
Valley.  Dolores  River  also  furnishes  a  notable  exception,  its  waters 
being  carried  through  the  divide  l^etween  the  Grand  and  San  Juan 
drainage  basins  and  used  to  irrigate  lands  lying  in  the  latter  drain- 
age. Owing  to  the  comparatively  small  amount  of  land  that  has  been 
irrigated  along  Grand  River,  only  a  small  fraction  of  the  water  in 
this  division  has  been  used;  but  a  number  of  projects  have  been 
devised  for  the  construction  of  large  canals  to  carrj^  the  water  to  the 
fertile  benches  lying  along  the  various  streams,  and  in  the  case  of 
<runnison  River  there  is  a  project  to  carry  its  w^aters  through  the 
divide  for  the  purpose  of  irrigating  lands  in  Uncompahgre  Valley. 

GRAND   RIVER  AT   GLENWOOD   SPRINGS,  COLORADO. 

This  station  was  first  located  May  lH,  1899,  at  the  request  of  the 
Denver  and  Rio  Grande  Railroad  Compan}',  at  the  railroad  bridge  a 
quarter  of  a  mile  west  of  the  depot  and  just  above  the  mouth  of  Roar- 
ing Fork.  A  wire  gage  was  used.  At  the  beginning  of  1900,  how- 
♦^ver,  a  new  gage  rod  was  located  near  the  electric-light  works  of  the 
Colorado  Hotel.  Measurements  are  made  from  the  wagon  bridge 
crossing  the  river  between  the  town  and  the  hotel.     The  channel  is 


376  OPERATIONS    AT   RIVER   STATIONS,   1900. PART    IV.         [no.  50. 

good,  being  composed  of  gravel  and  rock,  and  does  not  change  much; 
the  banks  are  high  and  not  subject  to  overflow.  Gage  readings  were 
taken  during  only  the  high-water  season  of  1899,  being  discontinued 
June  J7.  They  were  resumed,  however,  on  January  1,  1900,  at  the 
new  station. 

During  1900  Roaring  Fork  was  measured  twice  at  Glenwood  Springs— 
the  first  time  on  July  8,  when  the  discharge  was  1,570  second-feet,  and 
the  second  time  on  August  23,  when  the  discharge  was  42.3  second-feet. 

A  description  of  the  Glenwood  Springs  station  was  published  in 

Water-Supply  Paper  No.  37,  page  293.     During  1900  the  following 

nreasurements  of  Grand  River  were  made  by  A.  L.  Fellows: 

March  19:  Gage  height,  3.80  feet;  discharge,  1,140  second-feet. 
July  8:  Gage  height,  5.40  feet;  discharge,  3,764  second-feet. 
August  23:  Gage  height,  3.60  feet;  discharge,  1,086  second-feet 

Daily  gage  height,  in  feet,  of  Grand  River  at  Glenivood  Springs,  Colorado,  for  1900. 


Day. 


Jan.    Feb.   Mar.  Apr 


1 

3.40 

o 

3.45 

'^ 

3.45 

4 

3.45 

6 

3.55 

6 

3.55 

t  .................... 

8.45 

8 

3.40 

9 

10 

3.40 
8.45 

11 

3.85 

12 

8.35 

13 

&i5 

14 

3.50 

15 

3.55 

16 

8.60 

17 

8.50 

18 

3.45 

19 

8.45 

30 

3.45 

21 

3.30 

22 

3.40 

Z^ 

3.35 

24 

3.45 

25  

3.35 

26 

3.80 

27 

3.a5 

28 

3.40 

29 

3.40 

30 

31 

8.40 
3.50 

3.50 
3.45 
3.45 
3.45 
3.45 
3.40 
3.40 
3.30 
3.35 
3.40 
3.40 
3.50 
8.35 
3.40 
8.40 
:).50 
3.35 
3.40 
3.40 
8.45 
3.45 
8.35 
3.45 
3.85 
8.45 
3.45 
3.50 
3.40 


3.75 
8.95 
4.15 
4.25 
4.80 
4.30 
4.25 
4.45 
4.50 
4.40 
4. 20 
4.10 
3.95 
4.00 
4.10 
4.20 
4.10 
4.05 
8.95 
3.85 
4.25 
4.70 
4.90 
4.70 
4.70 
4.65 
4.66 
4.75 
5.10 
5.30 


5.20 
5.25 
5.20 
5.40 
6.06 
6.20 
6.^)0 
6.55 
6.85 
7.80 
7.80 
8.10 
8.10 
7.90 
7.65 
7.45 
7.60 
7.80 
7.90 
7.80 


June.   July.  Aug 


10.05 
9.75 
9.65 
9.5{t 
9.10 
8.80 
9.00 
9.30 
9.40 
9.35 
9.10 
8.60 
8.25 
8.20 
8.05 
8.05 
8.15 
8.10 
7.95 
7.90 
7.90 
7.95 
7.90 
7.95 
7.80 
7.80 
7.25 
6.95 
6.80 
6.55 


6.45 
6.80 
6.25 
6.00 
5.85 
5.75 
5.55 
5.45 
5.40 
5.30 
5.25 
6.10 
5.00 
5.00 
4.90 
4.85 
4.70 


3.40 
3.40 
8.35 
3.80 
3.80 
8.80 
3.30 
3.80 
8.30 
3.85 
8.40 
3.40 
3.40 
3.40 
3.40 
3.30 
3.20 
3.21) 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
8.20 
8.20 
8.20 


Nov.  I  Dec. 


3.20 
3.20 
8.20 
3.20 
3.20 
8.20 
8.20 
8.20 
3.20 
a3.20 
3.80 
3.30 
8.80 
8.25 
8.40 
8.40 
3.40 
3.40 
3.40 
3.50 
3.S> 
3.40 
8.40 
3.45 
3.35 
3.20 
3.25 
3.80 
3.20 
8.15 


I, 


a  Estimated  from  September  24  to  November  10. 


GRAND  RIVER  AT   GRAND  JUNCTION,   COLORADO. 

This  station,  established  Octol)er  18,  1894,  is  at  the  wagon  bridge 
across  the  river  near  the  pump  house  of  the  city  waterworks  at  Grand 
Junction  and  a  short  distance  above  the  mouth  of  Gunnison  River. 
The  river  at  this  point  discharges  through  two  channels,  and  a  record 
is  kept  of  the  discharge  in  each  channel,  requiring  separate  discharge 
measurements.  During  the  last  four  years  the  greater  part,  of  the 
water  has  run  through  the  left  channel,  and  during  the  year  1900  there 
was  a  flow  through  the  right  channel  for  a  short  time  only.     Gage 
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rod  No.  1  is  attached  to  the  south  end  of  the  wagon  bridge  crossing  the 
river  south  of  the  town.  Gage  rod  No.  2  consists  of  a  wire  and  weight 
fastened  to  the  upper  side  of  the  bridge  over  the  left  channel.  The 
channel  is  sand}'  and  shifting,  and  the  discharge  must,  therefore,  be 
considered  approximate.  During  1900  no  measurements  were  made 
iu  the  right  channel  and  only  two  measurements  were  made  in  the 
left. channel.  Owing  to  the  few  measurements  made  and  to  the  shift- 
ing of  the  channel  no  rating  table  was  possible.  W.  H.  Smith,  of 
Grand  Junction,  made  the  reports  throughout  the  year.  A  descrip- 
tion of  the  station  was  published  in  Water-Supply  Paper  No.  37,  page 
i?94.  The  results  of  measurements  for  1890  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  281.  During  1900  the 
following  measurements  were  made  by  A.  L.  Fellows  at  rod  No.  2 : 

March  20:  Gage  height,  4.15  feet;  discharge,  1,762  second-feet. 
July  7:  Gage  height,  5.80  feet;  discharge,  6,177  second-feet. 

Daily  gage  height,  in  feet,  of  Grand  River  at  Grand  Jtaicfion,  Colorado,  for  1900, 

[Rod  No.  1— right  channel.] 


Day.      May. 

June. 

1 
Day. 

May. 

June. 

Day. 

May. 

Jane. 

Day. 
25 

May. 

June. 

1 1 

4.70 
4.50 
4.06 
3.75 
8.60 
8.40 
8.20 
3.15 

9 

1 

3.46 
3.60  1 
3.30  ' 
2.40 
2.00 
(a) 

17 

•> 

,10 ! 

11 

18 

.-._....i 

26 

3:::::: ;;::::::: 

19 

27 

28 

29 

30 

31 

8.80    

4...::::::::::.. 

12 

30 

1 

4.30 
4.55 
4.40 
4.70 

5 .  1 

13 

21 

6 

1  14 

22 

<    -  >  •  •     • 

15 

28 

8 ' 

16 

•■""•■•• 

24 

1 

a  T^is  ohannel  was  dry  after  June  13. 

Daily  gage  height j  in  feet,  of  Grand  River  at  Grand  Junction,  Colorado,  for  1900, 

[Rod  No.  2— left  channel.] 


Day. 

Jan. 

• 

Feb. 

Mar. 

Apr. 

May. 

5.60 

6.60 

6.50 

5.65 

5.85 

6.  .50 

n.90 

6.05 

7.60 

8.25 

8.60 

a  8. 60 

a8.65 

a8.ft5 

O8.70 

8.70 

9.10 

9.2U 

9.20 

9.20 

8.90 

8.80 

8.85 

9.30 

9.55 

9.75 

9.96 

10.55 

10.80 

10.95 

11.15 

June 

I 

4.80 
4.30 
4.40 
4.40 
4.60 
4.50 
4.60 
4.60 
4.70 
4.00 
4.60 
4.40 
4.25 
4.10 
4.20 
4.20 
4.20 
4.10 
4.06 
4.00 
4.10 
4.45 
5.05 
5.30 
.5.00 

10.85 

10.20 

a  10. 00 

a9.80 

2          .   , 

3 

8.90 

8.90 

4 

.5 

9.60  1 

6 

9.10 

m 

(fr) 

9.05  1 

8 

9.10 

9 

9.45 

10 

3.60 

4.00 

9.05 

11 

9.10  1 

\2 

8.80  1 

13           

(fe) 

8.60 

14                

.      8.75  ■ 

u           

....'.. 

8.75  , 

1«         

8.65 
8.35 

17      

3.80 

4.30 

11 

19     

8.70  ; 
8.40 

31 

:n 

3.70 

8.45 
8.30 

*J         

8.25 

23 

1 

8.45  1 

24 

8.90 

4.30 

8.30  1 

25 

8.35  1 

36      

8.60 

4.80 
4.80 
5.05 
5.25 

8.15 
7.55 
7.50 

Ti   

jy 

tSl 

' 

7.25 

:jf) 

5.40 

6.90  1 

31 



1 

■ 

1 

J 

6.70 
6.60  I 
6.45  I 
6.25 
5.95  , 
5.65 
5.40 
5.20 

5.20 ; 

5.20  I 

5.20 

5.10 

4.  tii 

4.70 

4.60 

4.50 

4.50 

4.40 

4.00  I 

4.00  ' 

3.05 

4.00 

3.90 

3.  IK)  , 

3.80 

3.80  ! 

3.80 

3.75 

3.70 

3. 70 

3.45 


2. 

<9 


•»E'       ' 


3.35 
3.30 
3.30 
a  15 
3.10 
3.10 
3.06 
3.10 
3.00 
3.00 
3.00 
90 
90 
2.90 
2.90 
2.90 
2.75 
2.65 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 


Oct.    Nov.  Dec. 


2.40 
2.40 
2.40 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.60 
60 
70 
2.80 
2.90 
2.90 
2.85 
2.75 
2.60 
2.60 
2.60 
2.60 
60 
75 


2. 
2. 


2. 
2. 


2.95 
3.05 
3.25 
3.30 
3.15 
3.10 
3.10 


2. 
2. 


3.10 
3.06 
3.00 
3.00 

aoo 

3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
2.90 
90 
90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.10 
3.05 
3.00 
3.00 
2.90 
2.90 
2.95 
3.00 
2.90 
2.90 


2.80 
2.80 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.60 
2.65 
2.60 
2.65 
2.60 
2.60 
2.60 
60 
2.aj 

2.  a5 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.75 
2.65 
2.55 


2.45 


2.50 


2.70 


1  s 


2.50 


2.60 


I 


a  Estimated. 


b  Frozen. 
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GUNNISON  RIVER  AT   lOLA,    COLORADO. 

Gunnison  River,  the  largest  tributary  of  the  Grand  in  Ck)lorado, 
rises  in  the  south-central  part  of  the  State,  in  the  Saguache  Mountains 
and  the  Cochetopa  Hills,  and  flows  in  a  westerly  direction,  empt3'ing 
into  Grand  River  near  the  western  boundary  of  the  State,  a  short  dis- 
tance south  of  Grand  Junction.  Comparatively  little  of  the  water  is 
used  for  irrigation,  but  a  canal  line  has  been  surveyed  with  a  view  to 
taking  the  water  from  the  river  and  carrying  it  to  the  valley  of  the 
Uncompahgre.  It  was  for  the  purpose  of  determining  the  amount  of 
water  available  for  this  project  that  the  lola  station  was  established 
in  March,  1900.  The  rod  is  at  a  wagon  bridge  which  crosses  the 
river  about  a  quarter  of  a  mile  above  the  Denver  and  Rio  Grande 
Railroad  station  at  lola.  It  consists  of  a  piece  of  2-inch  by  4-inch 
timber  fastened  to  the  downstream  side  of  the  second  pier  of  the 
bridge  from  the  south  end,  the  zero  of  the  rod  being  7.43  feet  below 
the  bench  mark — a  spike  in  the  base  of  an  old  post  40  feet  south  of 
the  southern  end  of  the  bridge,  on  the  west  side  of  the  road.  The 
chief  value  of  the  station  is  with  reference  to  determining  the  amount 
of  water  available  for  the  proposed  canal  to  the  Uncompahgre  Valley, 
although,  owing  to  the  fact  that  a  number  of  streams  enter  the  Gun- 
nison below  the  station,  the  results  obtained  do  not  show  the  total 
amount  available.  The  channel  at  this  place  is  wide,  and  the  bed 
being  of  gravel  and  bowlders  is  not  particularly  susceptible  to  change. 
The  banks,  although  not  high,  are  not  subject  to  overflow.  The 
observer  is  A.  Pomel,  postmaster  at  Tola,  >^o  telegraphs  the  gage 
height  daily  to  the  local  forecast  official  of  the  United  States  Weather 
Bureau  at  Denver,  who  has  it  printed  in  the  morning  papers. 

The  station  on  Gunnison  River  previously  maintained  at  Grand 
Junction  was  not  continued  during  the  year  1900,  for  the  reason 
that  during  high  stages  of  Grand  River  the  water  backs  up  Gunnison 
River  considerably  above  the  point  where  the  gage  rod  is  located, 
seriously  affecting  the  gage  readings.  Two  measurements  were  made 
there,  however,  the  first  on  March  20,  when,  with  a  gage  height  of 
2.50  feet,  the  discharge  was  1,477  second-feet,  and  the  second  on  July 
7,  when,  with  a  gage  height  of  2.90  feet,  the  dischargiB  was  2,121 
second-feet. 

During  1900  the  following  measurements  were  made  at  the   lola 
station  by  A.  L.  Fellows: 

May  3:  Gage  height.  3  feet;  discharge,  1,272  second-feet. 
Jnne  28:  Gage  height.  3.40  feet;  discharge,  1,658  second-feet. 
July  5:  Gage  height,  2.90  feet;  discharge,  1,169  second-feet. 
August  9:  G-age  height*  2.20  feet;  discharge,  481  second-feet. 
Angtist  2):  Gage  height,  2.10  feet;  discharge,  392  second-feet. 
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Daily  gaffe  Jieight,  in  feet,  of  Gunnison  River  at  lola,  Colorado,  for  1900, 


Day. 

Apr. 

1 

2 

2.4 
2.5 

3 

2.4 

4 

2.5 

5 

2.5 

6 

2.4 

I.............................. ...... 

2.4 

8 

2.5 

9 

2.4 

10 

2.4 

11 

2.3 

12 

2.3 

13 

2.3 

14  

2.3 

15 

2.4 

16 

2.4 

17 

2.4 

18 . 

2.4 

19 

2.4 

a) 

2.5 

21 

2.7 

22 

3.0 

Zi 

2.8 

24 

2.7 

25 

2.7 

SB 

2.6 

27 

2.6 

28 

2.8 

29 

2.9 

3(1 

a-.o 

31  

May.  I  June. 


2.9 

5.7 

3.1 

3.0  ; 

5.8 

8.1 

3.0 

5.4 

8.0 

3.2  , 

5.2 

2.9 

3.4  1 

5.1 

2.9 

3.5 

5.1 

2.8 

3.6 

5.2 

2.8 

3.9 

5.2 

2.7 

4.0  [ 

5.0 

2.7 

4.6 

4.8 

2.6 

4.6  , 

4.6 

2.6 

4.8  ' 

4.6 

2.6 

4.7 

4.5 

2.6 

4.6 

4.4 

2.5 

4.4 

4.0 

2.5 

4.6  ' 

4.0 

2.5 

4.8  , 

4.2 

2.4 

4.9  ' 

4.1 

2.4 

4.8 

4.0 

2.3 

4.8 

3.9 

2.3 

4.6  . 

3.9 

2.2 

4.6  1 

4.0 

2.1 

4.7 

4.0 

2.1 

5.0 

4.0 

2.1 

5.0 

3.9 

2.1 

5.1  . 

3.7 

2.1 

5.4  1 

3.5  i 

2.1 

5.6 

3.4 

2.2 

5.7 

8.8  1 

2.2 

5.8 

3.2 

2.1 

5.8  '. 

2.1 

2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.2 
2.1 


2. 

2. 

2. 
•> 


2.1 


Sept. 


2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


Oct. 


0 
0 
0 
0 


2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0  < 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2.1 

2.0 

2,1 

2.0 

2.1 

2.0 

2.1 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


UNCOMPAHGRE   RIVER  AT  MONTROSE,    COLORADO. 

Uncompahgre  River  has  its  source  in  Ouray  County,  in  the  high 
peaks  of  southwestern  Colorado,  and  flows  northwesterly,  entering 
Gunnison  River  at  Delta.  The  upper  portion  of  its  drainage  basin  is 
mountainous,  but  proceeding  downstream  the  country  becomes  more 
rolling,  and  irrigation  is  possible  along  the  valleys  and  adjacent  mesas. 
In  the  vicinity  of  Montrose  a  number  of  canals  divert  nearly  all  of  the 
normal  flow  of  the  Uncompahgre,  and  if  further  irrigation  is  to  be 
had  in  the  district  recourse  must  be  had  to  storage  or  to  a  diversion 
of  the  waters  of  Gunnison  River. 

The  Fort  Crawford  station  on  the  Uncompahgre,  previously  main- 
tained, was  not  kept  up  during  the  year  1900,  owing  to  the  extremely 
shifting  character  of  the  channel  at  that  place,  and  instead  the  sta- 
tion at  Montrose  was  established  in  the  fall  of  1899,  no  records  being 
kept,  however,  until  the  spring  of  1900.  During  the  greater  x)ortion 
of  the  year  there  is  little  water  at  Montrose,  the  canals  above  divert- 
ing most  of  the  flow.  The  station  is  at  the  bridge  which  crosses  the 
river  opposite  the  town,  about  a  half  mile  from  the  depot  of  the  Denver 
and  Rio  Grande  Railroad.  The  rod  consists  of  a  1-inch  by  4-inch 
board  nailed  to  the  inside  of  the  pier  just  above  the  bridge.  The 
channel  being  of  gravel  and  bowlders  is  favorable  to  obtaining  accu- 
rate measurements,  not  being  susceptible  to  change.  The  banks  are 
high  and  are  not  subject  to  overflow.  Records  were  kept  for  a  short 
time  only,  as  there  was  little  water  during  the  greater  part  of  the  irri- 
gation season  of  1900.     The  obser\^er  was  Mr.  W.   E.  Obert,  com- 
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missioner  of  the  Montrose  water  district.  The  i-ecords  were  disoon- 
tinned  Jnly  7,  1900.  During  the  year  the  following  measurements 
were  made  by  A.  L.  Fellows: 

July  5:  Gage  height,  1.80  feet;  discharge,  150  second-feet. 
August  10:  Gage  height,  0.50  foot;  discharge,  2  second-feet. 

Daily  gage  height,  in  feet,  of  Uncompahgre  River  at  Montrose ,  Colorado,  for  1900. 


Day.     Apr. 


1 
2 
3 
4 

5 
6 

7 

8 

0 

10 

11 


May. 


1.20 


1.05 
.90 
.78 
.75 


20 
18 
32 
45 
00 
1.00 
1.12 
1.40 
1.65 
1.65 


I 


June. 


2.76 
2.70 
2.65 
2.75 
2.&5 
2.65 
2.70 
2.45 
2.35 
2.70 
2.75 


July. 


1.70  , 

1.70 

1.60 

1.85 

1.75 

1.65 

1.15 


Day. 

Apr.  May. 
.68     1.60 

1            [1 
June.  July.     Day. 

1 

12 

2.75 

••«>•• 

23 

18 

.90  '  1.35 

2.60 

1 

2i 

14 

.93     1.40 

2.60   1 

25 

15 

.92     1.65 

2.40 

26 

16 

.98     2.25 

2.50 

37 

17 

1.02     2.36 

2.35 

28 

18 

.98     2.20 

2.30 

29 

19 

1.05     2.10 

2.10 

30 

20 

1.18     2.00 

1.90 

31 

21 

1.18     1.90 

1.75 

1 

22 

1.18     1.85 

1.60 

Apr.  May. 


1.0b 
1.10 
1.00 
.  vn 
.95 
1.00 
1.10 
1.15 


2.20 
2.65 
2.30 
2.50 
2.65 
2.75 
2.90 
2.85 
2.80 


June.  July. 


2.90 
2.65 
2.55 

2.40 
2.05 
1.70 
1.65 
1.60 


DOLORES  RIVER  AT  DOLORES,  COLORADO. 

This  river  is  the  last  important  tributary  of  Grand  River.  It  rises 
in  the  La  Plata  and  San  Miguel  mountains,  the  highest  peak  of  which, 
Mount  Wilson,  attains  an  elevation  of  more  than  14,000  feet.  For 
about  oO  miles  its  course  is  southwesterly;  it  then  turns  and  flows  in 
an  almost  due  north  direction  for  nearly  100  miles;  then  turns  to  the 
west  and  enters  Grand  River  after  passing  into  Utah.  Throughout 
the  greater  part  of  its  course  the  river  flows  through  natural  canyons, 
and  comparatively  little  irrigation  is  practiced  along  the  stream  itself, 
except  at  Dolores,  where  for  about  40  miles  the  valley  widens  to  from 
a  half  mile  to  a  mile,  and  a  number  of  ranches  are  cultivated.  By  far 
the  greater  part  of  the  waters  of  the  river,  however,  is  used  in  the  San 
Juan  watiCrshed,  being  diverted  by  means  of  a  tunnel  and  a  great 
cut  in  Montezuma  Valley.  The  head  gates  of  the  canals  carrying  this 
water  are  about  2  miles  west  of  the  town  of  Dolores.  The  gaging 
station  is  above  the  head  gates,  and  about  a  half  mile  above  the  Colo- 
rado Southern  Railroad  station  at  Dolores.  The  gage  rod  consists  of 
a  vertical  plank  attached  to  the  left  abutment  of  the  footbridge  cross- 
ing the  river.  The  channel  is  not  subject  to  change,  and  the  results 
obtained  are  excellent.  The  bed  of  the  stream  is  composed  of  small 
stones  and  gravel,  and  the  banks  are  high  and  do  not  overflow.  The 
observer  is  Mrs.  M.  D.  Smith,  of  Dolores.  A  description  of  the  sta- 
tion was  published  in  Water-Supply  Paper  No.  38,  page  305.  The 
results  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  282.  During  1900  the  following  meas- 
urements were  made  bv  A.  L.  Fellows: 

March  24:  Gage  height,  2.90  feet;  discharge,  145  second-feet 
May  o:  Gage  height,  3.90  feet;  discharge,  767  second-feet. 
June  27:  Gage  height,  3.25  feet;  discharge,  320  second- feet. 
August  11:  Gage  height,  2.60  feet;  discharge,  31  second-feet 
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Daily  gage  height ^  in  feet,  of  Dolores  River  at  DolareSy  Colorado,  for  1900, 


Day. 

Jan.    Feb. 

1 

Mar. 

Apr. 

May. 

June.]  July. 

Aag. 

2.60 
2.60 

Sept. 

Oct. 

Nov. 

2.80 
3.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
3.80 
2.60 
2.80 
2.70 
2.75 
2.80 
2.90 
3.  (JO 
3.10 
3.10 
2.95 
2.85 
2.80 
2.70 
2.70 
2.80 
2.80 
2.90 
3.00 

Dec. 

1 

3.10  i  3.00 
3.10     2.90 
3.10     2.90 
3.10     190 
3.10     2.90 
3.10  !  2.90 
3.10     2.90 
3.10     2.90 
3.10     2.90 
3.10  ,  2.90 
3,10    2.90 
3.10  ,  2.90 
3.10)  3.90 
3.10     2.90 
3.10  ,  2.90 
3.10  1  2.90 
3.10  j  2.90 
3.10  :  2.90 
3.10     2.80 
3.10     2.80 
3.00     2.80 
3.00  i  2.80 
3  00     2.80 

2.80 
2.80 
2.76 
2.70 
2.70 
2.70 
2.80 
2.60 
2.75 
2.76 
2.75 
2.75 
2.85 
2.85 
2.85 
2.05 
2.95 
3.05 
2.95 
2.95 
2.ft5 
2.96 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 
2.80 
2.90 
2.05 

2.95  ,  3.50 
3.15  ,  3.55 
3.00     3.50 
2.05     3  60 
3.10     4.05 
3.15  !  3.96 
3.05     4.15 
3.00     4.15 
2.05     4.40 
2.90     4.45 
2. 90     4  75 

4.90    3.10 
4. 75     3. 10 
4.70     3.06 
4.50     3.00 
4.35     3.00 
4.35     2.90 
4.35     2.90 
4.25  :  2.80 
4.20     2.80 
4.15     2.80 
4.10  1  2.80 
4.00     2.80 
3.»)     2.80 
3.95     2.80 
3.90     2.80 
3.90     2.70 
3.85     2.70 
3.85     2.70 
3.a5     2.70 
3.80     2.70 
3. 75     2. 70 
3.65     2.70 
3.50  ]  2.70 
3.50  '  2.60 
3.60     2.60 
3.40     2.60 
8.30     2.60 
3.25     2.60 
3.20     2.60 
3.20  ,  2.60 

1  2.60 

1 

2.50 
2.50 

2.80 
2.80 
2.70 
2.70 
2.80 
2.90 
2.a5 
2.80 
2.80 
2.80 
2.80 
2.80 

a  3. 05 

2 

3.10 

3 

4 

5 

6 . 

2.60 
2.60 
2.60 
2.60 
2.80 
2.80 
2.60 
2.60 
2.80 

2.60 
2.00 
2.66 
2.70 
2.86 
3.10 
3.00 
2.90 
2.00 

3.10 
3.20 
3.20 
3.35 
3  35 

8 

9 

10 

11 

3.36 
3.05 
3.10 
3.15 

12 

2.90 

4.90 

2.80     2.90 

3.15 

13 

14 

2.85 
2.85 
3.00 

4.65 
4.55 
4  85 

2.50     2.90.2.80 
2.50     2.90     2.80 
2.50     2.80  1  2.80 

3.15 
3.15 

15 

3.40 

16 

17 

18 

19 

30 

21 

2J 

3.10     4.85 
3.10     .5.(10 
3.20     5.05 
3.25     5.05 
3.40  1  4.80 
3.56     4.45 
3. 60     4. 70 

2.50 
2.50 
2.50 
3.60 
2.80 
2.55 
2.50 

2.80 
2.70 
2.70 
2.70 
.2.60 
2.60 
SAT) 

2.80 
2.80 
2.80 
2.80 
2.90 
2.80 
2.80 
2  80 

3.15 
3.05 
3.05 
2.96 
2.95 
2.90 
2.85 

23 

3.80 
3.45 
3.40 
3.40 
3.45 
3.50 
3.45 
3.40 

4.05 
4.95 
5.00 
4.90 
4.96 
5.00 
5.05 
4.95 
5.00 

2.  .50     2  66 

3  00 

34 

3.00     2.80 
3.00     2.80 
3.00     2.80 
3.00     2.80 
3.00     2.80 

3.00   

3.00    

3.00    

2.50     2.flS 

2.80 

a  3. 00 

25 

2.50 
2.40 

3.15 
2.95 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.80 

a  3. 00 

3B 

a  3. 00 

Ti 

2.40 

2.85 

a  3  00 

38 

29 

31 

2.40 
2.40 
2.40 
2.45 

2.8C 
2.80 
2.80 

a  3. 00 
a3.U0 
a  3.  (10 

a  3. 00 

a  Estimated. 


SAN  JUAN   RIVER. 


San  Juan  River  rises  in  the  San  Juan  Mountains,  the  small  streams 
at  the  head  flowing  westerly,  the  opposite  of  the  direction  taken  by 
the  branches  of  the  Conejos.  The  country  is  generally  mountainous 
and  rough,  and  but  little  irrigation  is  practiced  along  the  river, 
except  in  the  bottom  lands  adjacent  to  the  channel.  The  stream 
flows  a  short  distance  through  Colorado  and  then  enters  New  Mexico, 
through  which  Territorj'^  it  flows  for  about  100  miles,  then  crosses  the 
southwest  corner  of  Colorado  again,  and  flows  through  Utah  to  its 
junction  with  the  Colorado  at  Henry  Mountain.  The  principal  tribu- 
taries flowing  from  Colorado  into  this  river  are  the  Piedra,  Los  Pinos, 
Florida,  Animas,  La  Plata,  and  Mancos  rivers,  all  of  which  flow 
through  comparatively  natural  valleys,  crossing  the  line  into  New 
Mexico  before  they  unite  with  the  San  Juan.  A  large  portion  of 
this  country  remained  a  part  of  the  Southern  Ute  Indian  Reservation 
until  1899,  when  the  western  half  of  that  reservation  was  thrown  open 
to  settlement,  and  a  number  of  tracts  have  been  taken.  A  very  con- 
siderable portion  of  the  most  desirable  lands,  however,  were  taken 
by  the  Indians  in  severalty.  There  are  a  number  of  excellent  mesas 
of  good  farming  land  which  will  without  doubt  eventually  be  irrigated ; 
a  number  of  surveys  have  already  been  made  of  canal  lines  to  cover 
these  tracts,  which  will  be  pushed  to  a  speedy  conclusion. 

The  only  stations  maintained  in  this  basin  in  1900  are  at  Ignacio 
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on  Los  Pinos  River,  at  Durango  on  Animas  River,  and  at  Mancos  on 
Mancos  River,  the  stations  at  Arboles  on  the  San  Juan  and  the  Rio 
<Tran(Je  and  at  Durango  on  Florida  River  being  abandoned,  their 
objects  having  been  accomplished. 

LOS  PINOS   RIVER  AT  IGNACIO,   COLORADO. 

This  stream  derives  its  supply  from  the  western  end  of  the  San 
Juan  Mountains  and  from  the  southern  slope  of  the  Needle  Mountains 
in  Colorado.  It  flows  in  a  southerly  direction  for  about  50  miles, 
crossing  the  Colorado  line  about  5  miles  south  of  La  Boca,  on  the 
Denver  and  Rio  Grande  Railroad.  The  valley  is  generally  wider 
than  the  valleys  of  the  Piedra  and  the  San  Juan,  and  more  irrigation 
is  practiced  along  the  borders  of  the  stream.  Several  Government 
canals  have  been  constructed  for  the  benefit  of  the  Indians  located  on 
the  bottom  lands.  A  number  of  irrigation  canals  have  been  projected 
and  surveys  made  for  the  purpose  of  taking  out  water  upon  the  adja- 
cent benches.  The  station  was  established  April  22,  1899,  at  the 
request  of  the  Commissioner  of  Indian  Affairs,  for  the  purpose  of 
ascertaining  the  quantity  of  water  available  for  irrigation  along  the 
stream.  Unfortunately,  records  have  not  been  sent  in  regularly. 
The  gage  rod  is  fastened  to  the  middle  pier  of  the  bridge  crossing  the 
river  at  Ignacio,  the  subagency  of  the  Southern  ITte  Indian  Reserva- 
tion, 2  miles  south  of  the  station  of  the  Denver  and  Rio  Grande  Rail- 
road. The  channel  is  fairly  stable,  being  of  gravel  and  bowlders,  and 
has  suffered  little  change  since  the  station  was  established.  The  rod 
is  a  vertical  2-inch  by  4-inch  timber  10  feet  long,  spiked  to  the  bridge, 
the  marks  being  strips  of  brass  securely  nailed  to  the  post.  The 
8-foot  mark  on  the  gage  rod  is  level  with  the  top  of  the  lower  end  of 
a  6-inch  by  8-inch  timber  protruding  from  the  downstream  side  of 
the  pier  on  the  right-hand  side.  The  banks,  although  not  high,  are 
not  subject;  to  overflow.  The  station  is  an  important  one,  as  all  of 
the  waters  of  the  stream  will  undoubtedly  be  used  for  irrigation 
before  many  years.  Already  large  reservoirs  are  contemplated  near 
the  head  of  the  river,  where  there  are  a  number  of  beautiful  lakes. 
The  observer  is  the  clerk  at  the  agency.  A  description  of  the  station 
was  published  in  Water-Supply  Paper  No.  38,  page  309.  The  results 
of  measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  299.  During  1900  the  following  measurements 
were  made  by  A.  L.  Fellows: 

March  26:  G^ge  height,  2.60  feet;  discharge,  137  second-feet. 
May  8:  Qnge  height,  8.50  feet;  discharge,  604  second-feet. 
August  14:  Gage  height,  2  feet;  discharge,  25  second-feet 
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Daily  gage  height,  in  feet,  of  Los  Pinos  River  at  Ignacio,  Colorado^  for  1900, 


Day. 


Jan.    '   Feb.   l  Mar. 


1 

2.50 

2 

2.60 

3 

2..% 

4 

2.50 

5 

2.50 

fl 

2.45 

7 

2.40 

8 

2.60 

9 

2.50 

10 

2.50 

11 

2.60 

12 

2.50 

13 

2.46 

14 

2.40 

15 

2.40 

16 

2.40 

2.ao 

2.30 
2.80 
2.30 
2.30 
2.30 
8.30 
2.30 
2L30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.30 
2.30 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.35 
2.40 
2.60 
2.50 
2.50 


Apr.  I  May. 


2.60 
2.66 
2.65 
2.70 
2.70 
2.70 
2.70 
(a) 


3.85 
4.06 
4.06 
4.16 
4.20 
4.00 
4.16 
4.35 


Day. 


Jan.       Feb. 


17 

2.40 

18 

2.40 

19 

2.40 

20 

2.40 

21 

2.40 

22 

2.40 

23 

2.40 

24 

2.40 

25 

2.30 

26 

2.30 

27 

2.30 

28 

2.30 

20 

2.30 

30 

2.30 

31 

2.30 

2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 


Mar. 


Apr.   I  May. 


2.60 

1   4.50 

2.60 

4.56 

2.60 

4.60 

2.60 

..... 

4.26 

2.66 

4.06 

2.00 

3.90 

2.60 

4.00 

2.60 

4.70 

2.60 

4.60 

2.60 

4.90 

2.60 

2.65 

2.60 

2.60 

2.50 

a  No  readings  from  April  8  to  May  8. 


ANIMAS  RIVER  AT  DURANGO,  COLORADO. 

This  Stream  is  the  largest  tributary  of  the  San  Juan,  and  derives  its 
water  from  the  high  mountains  above  Silverton,  draining  portions  of 
the  Needle  and  La  Plata  mountains  in  addition  to  those  at  it«  source. 
It  flows  in  a  southerly  direction  for  about  60  miles,  crossing  the  Colo- 
rado line  about  15  miles  south  of  Durango.  Most  of  its  course  is 
through  a  very  mountainous  country-,  but  in  the  vicinity  of  Hermosa 
it  issues  from  the  canyon  into  a  broad  valley,  which  is  extensively 
irrigated.  A  canal  line  has  been  projected  from  the  lower  part  of  the 
stream,  for  the  purpose  of  irrigating  lands  in  New  Mexico,  but  the 
canal  has  not  yet  been  finished.  The  station  was  first  established 
June  20,  1895,  and  has  been  maintained  during  the  greater  part  of 
each  year  since.  It  is  at  a  wagon  bridge  a  quarter  of  a  mile  west 
of  the  depot  of  the  Denver  and  Rio  Grande  Railroad.  The  rod,  which 
is  a  vertical  piece  of  timber  marked  in  feet  and  tenths,  is  fastened  to 
the  central  pier  of  the  bridge.  On  June  25,  1900,  it  was  checked 
against  a  bench  mark-^a  point  chiseled  on  the  lower  side  of  the  left- 
hand  abutment  of  the  bridge  16.84  feet  above  the  zero  of  the  rod. 
Lightner  Creek  entera  the  river  from  the  right,  about  100  feet  below 
the  bridge.  The  channel  at  the  station  is  straight,  the  bed  is  of 
gravel  and  bowlders,  and  the  banks  are  sufficiently  high  so  that 
there  is  little  danger  of  overflow.  The  observer  is  C.  G.  Graden,  of 
Durango.  A  description  of  the  station  was  published  in  Water- 
Supply  Paper  No.  38,  page  310.  The  results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
301.  During  1900  the  following  measurements  were  made  by  A.  L. 
Fellows: 

March  26:  Gage  height,  6.60  feet;  discharge,  246  second-feet. 
May  9:  Gkbge  height,  8.65  feet;  discharge,  1,614  second-feet. 
Jnne  25:  Gage  height,  8.80  feet:  discharge,  1,740  second-feet. 
Angnst  13:  Gage  height,  6.45  feet;  discharge,  169  second-feet. 
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Daily  gage  height,  in  feet,  of  Animas  River  at  Durango,  Colorado,  for  1900. 


Day. 

Jan.  Feb. 

Mar.' 

1 

6.60 

2 

3 

6.30 

6.20 

4 i 

5 

H 

4....   ............... 

6.40 

6.20 

8 -- 

9 

6.50 

10 

6.30 

6.30 

11 

12 

6.50  ' 

13 

14 

6.40 

6.50  1 
6.60 

15 

6.60 
6.60 
6.50 
6.60 
6.60 
6.70 
6.70 
6.70 
6.70 
6.70 

16 

17 

18 

6.50 

'e.aV 

19 

20 

21 

6.30 

22 

23 

24 

6.40 

'6.26" 

25 

6.60 

26 

6.60 
6.60 
6.70 
6.50 
6.50 
6.60 

27 

28 

6.30 

29 

a) 

31 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
7. 
7. 
7. 

<. 

7. 
7. 
7. 
7. 
7. 


60  ; 

80  , 

80 

80 

80 

70 

60 

80 

80 

70 

70 

TO 

70 

70 

70 

70 

70 

70 

70 

80 

90 

10 

10 

10 

10 

10 

10 

10 

20 

15 


7.25 

7.20 

7.20 

7.a5 

7.75 

7.80 

7.85 

8.10 

8.55 

9.05 

9.20 

9.15 

8.95 

8.95 

9.10 

9.60 

90 

15 

9.90 

9.60 

9.05 

9.05 

0.65 

10.30 

9.80 

10.05 

10.50 

10.55 

10.30 

10.30 

10.30 


9. 
10. 


Jane.    July., Aug. 


10.30 
9.85 

10.00 
9.90 
9.70 
9.70 
9.85 
9.70 
9.60 
9.30 
8.95 
8.70 
8.70 
8.05 
8.95 
9.00 
9.10 
8.90 
8.70 
8.65 
8.&5 
8.65 
8.65 
8.70 
8.66 
8.50 
8.20 
8.00 
7.90 
7.70 


7.70 
7.60 
7.60 
7.50 
7.50 
7.30 


20 
10 
10 
10 
10 
10 
7.00 
7.  CO 
7.00 
6.90 
6.90 
6.90 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.60 
6.60 
6.60 


6.60 
6.60 

6.  a) 

6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.5u 
6.40 
6.40 
6.40 
6.40 
6.40 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 


6.30 
6.30 
6.30 
6.40 
6.40 
6.40 
6.50 
6.80 
7.00 
7.00 
6.90 
6.80 
6.70 
6.60 
6.60 
6. 60 
6.60 
6.50 
6.50 
6.60 
6.50 
6.50 
6.50 
6.50 
6.60 
6.70 
6.70 
6.60 
6.50 
6.50 


1 
Oct.  i  Nov. 

Dec 

6.50  

6.60  

6.60  6.60 

6.50 

6.80 


6.70 


6.60    6.50 


6.60    6.50 


6.70  I  6.50 


6.50 


6.60 


6.50 


6.70   6.50 

6.70  I  6.50    

6.70 


6.50 
6.70, 6.50 


6.60   

6.60    6.50  J 

6.60  1 6,70 


6.30 


....      6.60 


6.SU 


6.50 


MANCOS  RIVER  AT  MANGOS,   COLORADO. 

This  stream,  an  important  tributary  of  the  San  Juan,  drains  a  por- 
tion of  the  southwestern  corner  of  Colorado.  It  rises  on  the  western 
slope  of  the  La  Plata  Mountain^,  and  flows  in  a  southwesterly  direc- 
tion, through  a  mountainous  country,  for  about  12  miles,  to  the  Man- 
cos  Valley,  a  broad  and  fertile  tract  irrigated  by  water  taken  from 
the  river.  The  next  12  miles  of  its  course  is  through  Mancos  Valley. 
It  then  enters  Mancos  Canyon,  cut  through  the  Mesa  Verde,  through 
which  it  flows  for  about  40  miles,  or  to  its  junction  with  the  San  Juan. 
The  normal  supply  of  the  river  is  exhausted,  but  sufficient  water 
goes  to  waste  in  the  flood  season  to  irrigate  all  of  the  available  land 
along  its  borders. 

The  station  at  Mancos  was  established  April  9,  1898,  for  the  pur- 
pose of  determining  the  amount  of  water  going  to  waste  during  high- 
water  periods.  The  rod,  which  is  a  2-inch  by  4:-inch  timber  marked 
in  feet  and  tenths,  is  fastened  to  a  tree  about  100  feet  below  the 
wagon  bridge  crossing  the  river  in  the  center  of  the  town.  The  chan- 
nel is  of  bowldera  and  gravel,  and  the  banks  are  sufficiently  high  so 
that  there  is  little  danger  of  overflow.  During  1900  the  bed  of  the 
stream  shifted  to  such  an  extent  that  a  rating  table  for  that  year  is 
impossible.  The  observer  is  Mrs.  W.  H.  Kelley,  of  Mancos.  A 
description  of  the  station  was  published  in  Water-Supply  Paper  No. 
38,  page  312.  The  results  of  measurements  for  1898  and  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  285. 
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During   1900   the   following   measurements   were   made   by  A.   L. 
Fellows : 

March  23:  Gage  height,  1.05  feet;  discharge,  4  second-feet. 
May  7:  Gage  height,  1.80  feet;  discharge,  82  second- feet. 
Jnne  26:  Gktge  height,  1.70  feet:  discharge,  16  second-feet. 
Angnst  12:  Ghige  height,  1.40  feet;  discharge,  2  second-feet. 

Daily  gage  height j  in  feet,  of  Manco8  River  at  Maticos^  Colorado,  for  1900, 


Day. 


Apr. 


1 

1.00 

9 

1.00 

3 

1.00 

4 

LOU 

5 

1.10 

6 

1,10 

1. 10 

8 

1.10 

9 

1.10 

10 

1.10 

11 

i.ao 

12 

1.20 

13 

14 

1.20 
1.20 

15              

1.20 

16 

1.20 

i: 

1.30 

in 

i.ao 

lU 

1.40 

30     

l.dO 

21 

1.70 

<M 

2.00 

23 

2.06 

24 

2.00 

25 

2.00 

26 

2.00 

S7 

1.90 

2S 

1.90 

ai 

1.90 

30 

1.90 

31   

May. 

June. 

1.90 

2.90 

1.90 

2.90 

2.00 

2.K) 

2.06 

2.80 

2.20 

2..% 

2.20 

2.5(» 

2.40 

2.50 

2.70 

2.50 

2.70 

2.50 

2.70 

2.40 

2.70 

2.30 

2.70 

2.a» 

2.70 

2.20 

2.70 

1.90 

2.70 

1.90 

2.70 

1.90 

2.70 

1.80 

2.80 

1.80 

2.80 

1.70 

2.85 

1.70 

2.90 

1.70 

2.80 

1.70 

2.80 

1.80 

2.85 

1.70 

2.90 

1.70 

2.85 

1.70 

2.95 

1.80 

2.90 

1.70 

2.90 

1.70 

2.90 

1.60 

2.90 

•  •..  •«•• 

July.     Aug.   '  Sept. 


1.60 
1.60 


00 
60 
60 


1. 
1. 


.50 
.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.40 
1.40 
1.20 


20 
10 
10 
70 
70 
70 
70 
20 
30 


1.60 


1. 
1. 


1.40  I 
1.40  t 
1.40  I 
1.40 
1.50 
60 
60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.50 
1.50 
1.50 
1.65 
1.70 


1.50 
1.40 
1.40 
1.40 
1.40 
1.30 


20 
20 
10 


Oct.  !  Nov. 


1.30 
2.(10 
1.90 
1.90 
l.W) 
1.80 
1.90 
2.10 
2.00 
2.00 
2.00 
1.80 
1.80 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.40 
1.60 
1.80 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 


1.20 


2.00 
2.00 
1.80 
1.80 
1.90 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.80 


1. 
1. 
1. 
1. 


70 
60 
60 
60 
1.60 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 


1.60 
1.60 
1.60 


GILA  RIVER  AT  SAN  CARLOS,  ARIZONA. 

This  Station  was  established  by  C.  C.  Babb  on  July  11, 1899,  in  con- 
nection with  an  investigation  of  Gila  River  with  reference  to  a  sup- 
ply of  water  for  the  Gila  River  Indian  Reservation  and  arid  lands  in 
the  vicinity.  Results  of  this  investigation  were  published  in  Water- 
Supply  Paper  No.  33,  entitled,  Storage  of  Water  on  Gila  River,  Ari- 
zona, by  J.  B.  Lippincott.  The  station  is  a  half  mile  south  of  the 
Indian  agency  at  San  Carlos,  below  the  mouth  of  San  Carlos  Creek, 
and  about  6  miles  above  the  proposed  dam  site.  It  is  described  in 
Water-Supply  Paper  No.  38,  page  313.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-firat  Annual  Report,  Part  IV,  page 
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332.     During  1900  the  following  measurements  of  discharge  were  made 
by  Stephen  Janus : 

Discharge  measurements  of  Oila  River  at  San  Carlos,  Arizona, 


Date. 


Oaffe 
height 


1900.  Feet. 

Mayl 1.50 

May  12 J. 30 

May  19 l.au 

May  26 1.80 

June  9 1.10 

June  16 1.10 

Jane23 a. 25 

June  30 a.  20 

July? I  a.  15 

JulyU !  a.  15 

July  21 a. 26 

July  28 a. 30 

Aui?U8t3 2.60 

AugruHtT 0.00 

August  12 1  a. 30 


a  Dry  at  gage;  figures  indicate  depth,  not  gage  height. 
Daily  gage  height,  in  feet,  of  Oila  River  at  San  Carlos,  Arizona,  for  1900, 


Day. 

Apr. 

1 

-^. 

2 ' 

3 

4 

1.50 

5 

1.60 

6 

1.60 

7 

1.60 

8 

1.00 

9 

•  1.60 

10 

1.60 

11 

1.56 

12 

1.55 

13 

1.60 

14 

1.60 

15 

1.60 

16 

1.60 

17 

1.60 

18 

1.5t) 

19 

1.40 

20 

1.40 

21  

1.40 

22 

1.40 

23 

1.40 

2* 

1.40 

25 — 

1.40 

28 

1.40 

27 

1.40 

28 

1.50 

29 

1.50 

30 

1.50 

31 

May. 


June. 


1.45 
1.40 
1.40 
1.40 
1.40 
1.35 
1.85 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.35 
1:35 
1.35 
1.35 
1.35 
1.35 
1.30 
1.30 
1.30 
1.30 


1.30 

1  — , 
(o) 

1.30 

(a) 

1.30 

(o) 

1.30 

(O) 

1.30 

(a) 
(a) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

4.00 

3.30 

2.80 

2.00 

1.60 

1.30 

1.20 

1.20 

1.20 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 


Sept. 


1.50 
1.96 
1.85 
1.20 


Oct. 


-n    I 


I 


a7o 

3.46 
4.96 
4.70 
3.20 
2.60 
2.30 
2.10 
2.00 
1.90 
1.85 
1.75 
1.50 
1.40 
1.40 
1.45 
3.15 
M 
90 
45 
,20 
86 
,80 


3. 
2. 
2. 
2. 
1. 
1. 


1.70 


1.60 
1.60 
1.40 
1.36 
1.40 
1.40 
1.50 
1.45 
1.30 
1.30 
1.30 
1.20 
1.30 
1.30 
1.30 
1.20 
1.20 
1.15 
1.10 
1.50 
1.50 
1.40 
1.40 
1.40 
1.35 
1.30 
1.30 
1.25 
1.25 
1.25 
1.26 


Nov. 


1.26 
1.25 
1.25 
1.25 
1.26 
1.20 
1.20 
1.15 
1.15 
1.10 
1.10 
1.10 


1. 
1. 


1. 
2. 
3. 
2. 

1. 


,00 
,00 
95 
,90 
90 
75 
.85 
,95 
,20 
76 
1.65 
1.60 
1.60 
1.65 
1.55 
1.55 
1.55 
1.56 


■| 


Dec 


1.50 
1.50 
1.60 
1-70 
1.7U 
1.70 
1.65 

\.m 

1.60 
l.tiO 
1.60 
1.6U 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
70 
70 
70 
70 
71) 
70 
70 
1.70 
1.70 
70 
75 
75 


1. 
1. 
1. 
1. 
1. 
1. 
1. 


1. 
1. 
1. 


a  River  dry  at  gage  rod. 


SALT  RIVER  AT   MCDOWELL,  ARIZONA. 


Tliis  station,  established  April  20,  1897,  is  a  half  mile  above  the 
mouth  of  Verde  River.  It  is  described  in  Water-Supply  Paper  No. 
3S,  page  321.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Aqnual  Report,  Part  IV,  page  386.  The  station  was 
discontinued  November  30,  1899,  and  was  not  resumed  during  1900. 
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Observations  will  be  maintained  here,  however,  during  1901,  in  con- 
nection with  an  investigation  of  the  river  with  reference  to  a  water 
supply  for  arid  lands  in  the  vicinity. 

VERDE   RIVER  AT  MCDOWELL,   ARIZONA. 

This  station,  established  April  20,  1897,  is  three-fourths  of  a  mile 
above  the  mouth  of  the  river.  It  is  described  in  Water-Supply  Paper 
No.  38,  page  323.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  387.  The  station  was 
discontinued  November  11,  1899,  and  was  not  maintained  during 
1900.     Observations  will,  however,  be  resumed  during  1901. 

COLORADO   RIVER  AT  YUMA,  ARIZONA. 

This  station  was  established  in  April,  1878,  by  the  Southern  Pacific 
Railway  Company,  who  have  maintained  daily  readings  since  that 
time.  It  is  through  the  courtesy  of  that  company  that  the  records 
are  furnished  to  the  Geological  Survey.  The  station  is  described  in 
Water-Supply  Paper  No.  38,  page  324.  No  measurements  of  dis- 
charge were  made  during  1900. 

Daily  gage  height,  in  feet,  of  Colorado  River  at  Yuma,  Arizona,  for  1900, 


Day. 


1 

2 

3 

4 

6 

« 

1 

8 , 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 

23 

24 

25 , 

2lj , 

27 

2K 

29 

30 , 

31 , 


Jan. 


.8 
.8 


.4 
4 
4 


17 

17 

17 

17 

17 

17 

17.2 

17.2 

17.2 

17.2 

17.8 

17.3 

17 

17 

17 

17.7 

17.8 

18.1 

18.2 

18.3 

18.3 

18.8 

18.3 

18.2 

18.2 

18.2 

18.2 

18.2 

18.3 

18.3 

18.3 


Feb. 

Mar. 

18.3 

17.7 

18.3 

17.8 

18.3 

17.8 

18.2 

17.8 

18.1 

17.7 

18.0 

17.7 

18.1 

17.6 

18.0 

17.7 

18.0 

17.8 

17.9 

17.8 

17.9 

17.7 

17.8 

17.7 

17.7 

17.7 

17.8 

17.8 

17.8 

17.8 

17.7 

18.0 

17.8 

18.0 

17.8 

18.1 

17.8 

1H.2 

17.8 

18.3 

17.8 

18.3 

17.7 

18.5 

17.7 

18.5 

17.7 

18.5 

17.7 

18.6 

17.7 

18.6 

17.8 

18.7 

17.8 

19.2 

19.8 

19.7 

19.6 

,        1 
Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 
17.0 

Nov. 
17.6 

Dec. 

19.4 

19.7 

24.6 

28.0 

17.6 

16.9 

17.8 

19.3 

19.7 

24.8 

22.8 

18.0 

16.8 

16.9 

17.6 

17.7 

19.3 

20.5 

25.0     22.7 

17.4 

16.7 

16.8 

17.5 

17.4 

19.3 

20.5 

25.2     22.3 

17.3 

16.6 

16.7 

17.4 

17.7 

19.3 

30.5 

25.3 

22.0 

17.3 

16.5 

16.8 

17.5 

17.7 

19.4 

20. 1 

25.5 

21.7 

17.2 

16.6 

16.8 

17.4 

17.7 

19.5 

20.3 

25.7 

21.6 

17.1 

16.5 

16.8 

17.4 

17.7 

19.4 

30.3 

25.8 

21.3 

17.2 

16.5 

16.9 

17.4 

17.7 

19.8 

20.8 

28.0 

21.2 

17.2 

16.5 

17.3 

17.4 

17.7 

19.3 

30.5 

26.0     30.7 

17.2 

16.4 

17.8 

17.5 

17.7 

19.4 

30.7 

36.0 

20.5 

17.2 

16.4 

17.2 

17.5 

17.7 

19.4  '  21.0 

25.9 

20.3 

17.3 

16.6 

17.2 

17.5 

17.7 

19.3     21.8 

25.7 

20.2 

17.2 

17.3 

17.2 

17.5 

17.7 

19.2 

21.4 

26.5 

19.8 

16.9 

18.0 

17.8 

17.5 

17.7 

19.2 

21.6 

25.4 

19.7 

16.8 

17.7 

17.3 

17.5 

17.7 

19.2 

21.7 

25.3 

19.6 

16.9 

17.5 

17.3 

17.5 

17.7 

19.5 

22.3 

25.2 

19.5 

16.7 

17.7 

17.3 

17.5 

17.6 

19.5 

22.9 

24:8 

19.2 

16.7 

17.4 

17.3 

17.6 

17.4 

19.4 

28.4 

24.7 

19.0 

16.7 

17.7 

17.4 

17.5 

17.4 

19.5 

28.7 

24.5 

18.9 

16.8 

18.1 

17.3 

17.6 

17.4 

19.8 

28.8 

24.2 

18.8 

16.8 

17.8 

17.8 

17.7 

17.4 

20.3 

24.0 

24.2 

18.8 

16.8 

17.7 

17.3 

17.7 

17.4 

20.2 

240 

24.0 

18.5 

16.8 

17.4 

17.6 

17.7 

17.5 

30.3  '  24.2 

23.9 

18.4 

16.8 

17.3 

17.6 

18.1 

17.5 

19.9 

24.4 

23.8 

18.3 

16.9 

17.2 

17.7 

18.3 

ir.5 

19.8 

24.7 

23.7 

18.3 

16.9 

17.2 

17.8 

18.6 

17.6 

19.7     24.7 

23.4 

18.2 

16.8 

17.0 

17.8 

18.7 

17.5 

19.7     24.5 

23.3  i  18.0 

16.9 

17.0 

17.7 

17.9 

17.4 

19.7     24.2 

23.1  1  17.9 

16.7 

17.0 

17.6 

17.6 

17.3 

19.7     24.2 

23.1     17.8 

16.7 

17.0 

17.6 

17.7 

17.2 

1  24.4 

17.7 

16.7 

17.6 

17.1 

[Continued  iu  Water-Supply  Pai>er  No.  51.] 
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OPERATIONS  AT  RIVER  STATIONS,  1900. 

PART  V. 


MEA8UBBMENT8  AT  RIVER  STATIONS.* 
NORTH  FORK  OF  HUMBOLDT  RIVER  NEAR  PEKO,   NEVADA. 

This  station,  established  March  25,,  1898,  is  on  the  Southern  Pacific 
Railroad  bridge  about  2  miles  west  of  Peko  and  a  short  distance 
above  the  mouth  of  the  river.  It  is  described  in  Water-Supply  Paper 
No.  38,  page  325.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  389.  The  station  was 
discontinued  March  3,  1900,  and  no  measurements  of  discharge  were 
made  during  the  year. 

DaUy  gaffe  height,  in  feet,  of  North  Fork  of  Humboldt  River  near  Peko,  Nevada.^ 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

1 

Day. 

Jan. 

Feb. 

MAr. 

Day. 

Jan. 

Feb. 

Mar. 

1 

2.8 

8.8 

a6 

12 

8.1 

8.8 

23 

3.1 

8.6 

i 

2.4 

8.8 

8.6 

13 

8.2 

8.3 

24 

3.2 

3.6 

3 

2.6 

8.8 

8.6 

14 

8.1 

8.8 

26 

3.2 

3.6 

i 

2.6 

8.8 

16 

3.2 

3.8 

26 

3.2 

3.6 

5 

2.6 

8.8 

16 

3.2 

8.4 

27 

a2 

3.6 

tf 

2.6 

8.8 

17 

3.2 

3.4 

28 

3.2 

3.6  

7 

8.0 
8.0 

8.8 
8.4 

18 

19 

3.8 
3.8 

3.3 
8.4 

29 

30 

8.2 
8.2 

8 

9 

8.0 
8.0 

8.4 
8.4 

a) 

21 

8.3 
8.1 

8.4 
8.4 

81 

3.3 

10 

U 

8.1 

8.8 

28 

8.1 

8.4 

HUMBOLDT  RIVER  NEAR  ELKO,   NEVADA. 

This  station,  established  by  L.  H.  Taylor  on  June  17, 1895,  is  at  the 
highway  bridge  1  mile  southwest  of  the  town.  It  is  described  in 
Water-Supply  Paper  No.  38,  page  326.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
390.  During  1900  the  following  measurements  of  discharge  were 
made  by  L.  H.  Taylor: 

July  6:  Gkige  height,  2  feet;  discharge,  32  second-feet. 
August  81:  Qtkge  height,  1.75  feet;  discharge,  4  second-feet. 


1  Oontinaed  from  Water-Snpply  and  Irrigation  Paper  No.  60. 
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Daily  gage  height,  in  feet,  of  Humboldt  River  near  Elko,  Nevada,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1.92 
1.94 

i.oe 

1.96 
1.94 
2.00 
2.04 
2.05 
2.10 
2.10 
2.06 

Dec 

1  

2.88 
2.40 
2.41 
2.42 
2.43 
2.45 
2.48 
2.49 
2.50 
2.62 
2.54 
2.55 
2.54 
2.65 
2.75 
2.90 
3.10 
3.30 
8.20 
3.00 
3.00 
2.90 
2.85 
2.75 
2.80 

2.90 
2.96 
3.00 
3.00 
2.95 
2.85 
2.70 
2.67 
2.65 
2.60 
2.65 
2.55 
2.58 
2.66 
2.68 
2.75 
2.85 
2.75 
2.80 
2.85 
2.90 
2.98 
3.00 
3.08 
3.00 

8.00 
3.00 
3.10 
8.25 
3.20 
3.15 
3.10 
3.13 
3.07 
3.05 
3.00 
3.05 
3.05 
3.10 
3.15 
3.25 
3.20 
3.20 
3.15 
3.10 
2.05 
2.80 
2.95 
2.95 
2.85 
2.80 
2.85 
2.90 
2.85 
2.85 
2.80 

2.85 
2.90 
3.00 
2.95 
2.87 
2.85 
2.90 
2.95 
3.00 
2.95 
2.98 
3.01 
2.95 
2.80 
3.00 
3.15 
3.20 
3.25 
3.30 
3.35 
3.a5 
3.25 
3.30 
3.85 
3.36 
3.40 
3.45 
3.55 
3.60 
8.85 

8.70 
8.70 
8.65 
3.65 
8.75 
3.60 
3.55 
8.56 
3.50 
3.55 
3.60 
3.66 
4.25 
4.35 
4.45 
4.75 
4.65 
4.65 
4.45 
4.80 
4.58 
4.55 
4.53 
4.58 
4.53 
4.47 
4.45 
4.50 
4.45 
4.35 
4.25 

4.56 
4.60 
4.70 
4.75 
4.80 
4.85 
4.88 
4.90 
4.95 
6.30 
5.25 
5.20 
5.15 
5.05 
6.07 
5.10 
6.10 
5.05 
5.10 
4.95 
4.90 
4.80 
4.75 
4.40 
4.16 
4.00 
3.00 
8.85 
3.90 
3.85 

8.00 
8.00 
2.10 
2.80 
2.00 
2.40 
2.20 
8.80 
3.75 
2.75 
2.00 
2.75 
2.80 
2.60 
2.50 
2.45 
2.45 
2.45 
2.45 
2.43 
2.40 
2.35 
2.30 
2.25 
2.15 
2.10 
2.05 
2.05 
2.05 
2.00 
2.00 

1.05 
1.90 
1.86 
1.80 
1.75 
1.70 
1.66 
1.60 
1.55 
1.55 
L55 
1.50 
1.50 
1.45 
1.50 
1.55 
1.60 
1.00 
1.60 
1.55 
1.55 
1.66 
1.50 
1.45 
1.40 
1.45 
1.60 
1.55 
1.00 
1.65 
1.75 

1.80 
1.80 
1.79 
1.80 
1.80 
1.80 
J. 79 
1.80 
1.80 
1.79 
1.80 
1.80 
1.79 
1.80 
1.80 
1.80 
1.78 
1.78 
1.80 
].82 
1.84 
1.85 
1.85 
1.87 
1.00 
1.87 
1.80 
1.87 
1.90 
1.87 

1.85 
1.85 
1.66 
1.87 
1.86 
1.85 
1.85 
1.85 
1.90 
1.85 
1.00 

2.30 

2 

2.80 

3 

2.30 

4 

2.80 

5 

2.80 

0. 

2.30 

7 

2.9(1 

8 

2:H) 

0 

10 

2.30 
2.30 

11 

2.9) 

12 

1.90     2.10 
1.90     2.14 
1.90     2.15 
1.00     2.18 
1.94     2.18 

2.84 

13 

2.34 

14 

2.35 

15                              .  . 

2.35 

16 

2.30 

17 

1.94 
1.98 
1.94 
1.90 
1.00 
1.04 
1.98 
1.92 
1.90 
1.90 
1.90 
1.90 
1.9U 
1.90 
1.92 

2.20 
2.80 
2.80 
2.80 
2.30 
2.30 
2.25 
2.25 
2.30 
2.30 
2.25 
2.25 
2.28 
2.20 

2.35 

18 

2.35 

19 

20 

2.35 
2.35 

21 

2.37 

22 

2.40 

23 

2.40 

24 

23 

2.40 
2.40 

26 

3.15  1  3.15 

2.40 

27 

28 

3.20 
3.10 

3.20 
3.16 

2.40 
2.40 

20 

30 

81 

3.00 
2.95 
2.85 

2.40 
2.37 
2.35 

SOUTH  PORK  OF  HUMBOLDT  RIVER  AT  MASON'S  RANCH,  NEVADA. 

This  station,  established  August  29,  1896,  is  10  miles  southwest  of 
the  town  of  Elko.  It  is  described  in  Water-Supply  Paper  No.  38, 
page  327.  Results  of  measurements  will  be  found  as  follows:  For 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  311;  for  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  430;  for  1898,  Twentieth  Annual 
Report,  Part  IV,  page  440;  for  1899,  Twenty-first  Annual  Report, 
Part  IV,  page  391.  During  1900  the  following  measurements  were 
made  by  L.  II.  Taylor: 

July  6:  Gage  height,  1.45  feet;  discharge,  150  second-feet. 
Angnst  81:  Ghige  height,  0.80  foot;  discharge,  0.60  second-foot. 


NEVADA. 
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Daily  gaffe  height,  in  feeiy  of  South  Fork  of  Humboldt  River  at  Mason's  ranch, 

Nei^ada,  for  1900, 


Day. 

Jan. 

0.06 

.06 

.05 

.05 

.05 

.96 

.95 

.96 

.05 

.95 

.95 

.95 

.95 

1.00 

1.20 

1.30 

1.3a 

1.30 

1.30 

1.10 

.00 

.90 

.90 

.90 

.80 

.80 

.80 

.75 

.75 

.70 

.70 

Feb. 

1 

2 

0.70 
.70 
.70 
.70 
.70 
.80 
.85 
.85 
.90 
.90 
.90 
.90 
.90 
.95 
.95 
.90 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17. 

.90 

18 

.95 

10 

.95 

20 

1.00 

21 

1.00 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

23 

23 

24.-. 

25 

36 

27 

28 

20 

30 

31 

Mar. 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
1.10 
1.10 
1.10 
1.20 
1.30 
1.30 
1.25 
1.25 
1.25 
1.25 
1.30 
l.;30 
1.35 
1.35 
La*) 
1.36 
1.35 
I. .35 
1.35 
l.a5 
1.35 
l.a5 


Apr. 


35 

35 


1.36 


1.36 
1.35 
1.35 
1.35 
1.45 
1.50 
1.50 
1.00 
1.60 
1.00 
1.60 
1.60 
1.60 
1.56 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.45 
1.45 
1.45 
1.45 
1.50 
1.60 


May. 


1.60 
1.65 
1.70 
1.70 
1.80 
1.05 
2.00 
2.20 

2.;» 

2.50 
2.60 
2.75 
2.80 
2.80 
2.75 
2.75 
2.75 
2.80 
2.80 
2.75 
2.75 
2.76 
2.80 
2.85 
3.86 
2.90 
3.35 
3.40 
3.40 
3.40 
3.60 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

• 

a.  50 

1.85 

0.56 

0.30 

0.40 

0.75 

0.95 

3.60 

1.70 

.50 

.30 

.45 

.76 

.90 

3.20 

1.70 

.45 

.30 

.45 

.75 

.90 

3.30 

1.60 

.45 

.30 

.50 

.76 

.90 

3.30 

1.55 

.40 

.30 

.50 

.76 

.85 

3.35 

1.45 

.40 

.30 

.60 

.75 

.85 

3.40 

1.40 

.40 

.30 

.50 

.75 

.85 

3.50 

1.35 

.35 

.30 

.50 

.76 

.85 

3.50 

1.36 

.35 

.30 

.60 

.75 

.80 

3.60 

1.30 

.35 

.30 

.50 

.75 

.80 

3.40 

1.25 

.35 

.30 

.50 

.75 

.80 

3.30 

1.30 

.a5 

.J» 

.50 

.75 

.80 

3.30 

1.30 

.a5 

.30 

.50 

.75 

.80 

3.10 

1.15 

.35 

.30 

.55 

.75 

.80 

3.10 

1.10 

.a5 

.30 

.55 

.75 

.80 

3.10 

1.00 

.35 

.30 

.55 

.75 

.80 

2.90 

.90 

.35 

.30 

.60 

.75 

.80 

2.00 

.90 

.35 

.35 

.60 

.80 

.80 

2.50 

.85 

.30 

.35 

.65 

.80 

.80 

2.50 

.80 

.30 

.a5 

.65 

.90 

.80 

2.50 

.80 

.30 

.35 

.65 

.00 

.80 

2.46 

.75 

.30 

.35 

.65 

.90 

.80 

2.40 

.70 

.30 

.a5 

.70 

.90 

.70 

2.30 

.70 

.30 

.35 

.70 

.90 

.70 

2.20 

.70 

.30 

.40 

.70 

.95 

.65 

2.10 

.70 

.30 

.40 

.70 

.95 

.65 

2.10 

.70 

.30 

.40 

.70 

.95 

.65 

2.10 

.70 

.30 

.40 

.75 

.95 

.60 

2.00 

.65 

.30 

.40 

.75 

.95 

.60 

1.90 

.65 

.30 

.40 

.75 

.95 

.60 

% 

.60 

.30 

.75 

.60 

HUMBOLDT  RIVER  NEAR  GOLCONDA,  NEVADA. 

This  station  is  near  the  great  northern  bend  of  Humboldt  River,  and 
below  the  central  valley.  It  is  about  12  miles  above  the  mouth  of 
Little  Humboldt  River.  It  was  established  October  24,  1894,  and  is 
described  in  Water-Supply  Paper  No.  38,  page  329.  The  results  of 
measurements  will  be  found  as  follows:  For  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  306;  for  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  427;  for  1898,  Twentieth  Annual  Report,  Part  IV,  page  438; 
for  1899,  Twenty-first  Annual  Report,  Part  IV,  page  392.  During  1900 
the  following  measurements  were  made  by  L.  II.  Taylor: 

April  14:  Gage  height,  1.75  feet;  discharge,  102  second-feet. 
May  25:  Gage  height,  3.83  feet;  discharge,  885  second-feet. 
Jnly  13:  Gage  height,  1.50  feet;  discharge,  65  second-feet. 
AngQst  30:  Gage  height,  0.20  foot;  discharge,  2.5  second-feet. 
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Daily  gage  height,  in  feet ,  of  Humboldt  River  near  Oolconda,  Nevada,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jana 

July. 

Aug. 

Sept. 

0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

Oct 

0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

Nov. 

Dec. 

1....'. 

2.25 
2.25 
2.25 
2.80 
2.40 
2.40 
2.45 
2.45 
2.46 
2.50 
2.50 
2.60 
2.55 
2.55 
2.65 
2.60 
2.60 
2.65 
2.65 
2.70 
2.70 
2.70 
2.75 
2.75 
2.80 
2.80 
2.80 
2.80 
2.85 
2.85 
2.85 

2.90 
2.90 
2.90 
2.90 
2.90 
2.95 
2.96 
2.05 
2.95 
8.00 
8.00 
8.00 
8.05 
3.0& 
8.10 
8.10 
8.15 
3.15 
a  15 

a2o 
a  20 
a  20 
a  25 
a  25 
a  25 
a  25 
a  30 
a  80 

a  80 
a  81) 

a  80 
a85 
a  85 
a  85 
a86 
a  80 
a25 
a20 
a2o 
a  20 
a  15 
a  16 
a  10 
a  10 
a  10 
a  10 
a  05 
a  00 
a  00 

2.00 
2.90 
2.85 
2.85 
2.85 
2.80 
2.80 
2.75 
2.70 
2.70 

2.66 
2.60 
2.60 
2.20 
2.00 
1.86 
1.75 
1.66 
1.66 
1.70 
1.75 
1.70 
1.75 
1.76 
1.75 
1.76 
1.76 
1.76 
1.76 
1.75 
1.75 
1.75 
1.76 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
1.75 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.80 
2.10 
2.25 
2.46 

a  80 
a  46 
a  56 
a  60 
a  70 
ass 
a  85 
a  90 
a  90 
a  90 
ago 
a  86 

a  80 
a  76 
a  75 
a  75 

a  80 
a  82 
ago 

4.10 
4.10 

a  95 

4.05 
4.10 
4.20 
4.25 
4.80 
4.30 
4.10 
a  90 

a  70 
a6o 
a  40 
a  40 
a  30 
a  80 
a  80 
a  20 
a  10 
a  00 

2.90 
2.90 

2.90 

2.80 

2.70 

2.50 

2.80 

2.20 

2.10 

2.00 

2.00 

1.90 

1.70 

1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

.90 

.80 

.80 

.80 

.70 

.70 

.60 

.60 

.60 

.60 

.60 

.60 

.45 

0.46 
.45 
.40 
.40 
.40 
.35 
.35 
.80 
.30 
.25 
.20 
,20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.15 
.16 
.15 
.15 
.15 
.15 

0.15 

2 

.15 

8 

4 

.20 
.20 

5 

.20 

6 

.20 

7 

.20 

8 

.25 

0 

.25 

10 

.30 

11 

12 

13 : 

.35 
.35 
.40 

u 

.50 

16 

.55 

16 

.60 

17 

.60 

18 

19 

.70 
.76 

20 

.80 

21 

.90 

22 

.90 

.96 

24 

.05 

25 

.95 

26 

.95 

27 

.95 

28 

1.00 

20 

80 

1.00 
1.00 
1.00 

HUMBOLDT  RIVER  NEAR  OREANA,    NEVADA. 

This  station,  established  January  27, 1896,  is  1^  miles  above  the  old 
Oreana  highway  bridge.  It  is  12  miles  northeast  of  Lovelocks  and 
above  all  of  the  canals  diverting  water  in  the  vicinity  of  that  town. 
It  is  described  in  Water-Supply  Paper  No.  38,  page  330.  Results  of 
measurements  will  be  found  as  follows:  For  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  307;  for  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  428;  for  1898,  Twentieth  Annual  Report,  Part  IV,  page 
439;  for  1899,  Twenty-first  Annual  Report,  Part  IV,  page  393.  Dur- 
ing 1900  the  following  measurements  of  discharge  were  made  by  L.  H. 
Taylor: 

Discharge  measurements  of  Humboldt  River  near  Oreana,  Nevada, 


Date. 


1900. 

March  2 

April  4 

Ai)ril7 

Sayl 


Oaffe 
height. 


Feet. 

1.95 

1.50 

1.80 

.40 


DiA- 

charge. 


SeC'feet. 
267 
167 
124 

47 


Date. 


1900. 

May  23 

June  29 

Julys 


Gaso 
lelgnt. 


helgl 


Feet. 
0.20 
1.66 
2.00 


Dis- 
charge. 


Sec-feet 

26 

100 


NEVADA. 
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DaUy  gage  height^  in  feet,  of  Humboldt  River  near  Oreana,  Nevada,  for  1900, 


Day 

Jan. 

Feb. 

Mar. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.00 
1.60 
1.60 
1.30 
1.80 

Apr. 

1.60 

1.00 

1.60 

1.50 

1.50 

1.30 

1.30 

1.40 

1.4D 

1.30 

1.30 

1.00 

.90 

.90 

.90 

.90 

.80 

.80 

.50 

.50 

.60 

.60 

.60 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

May. 

Jane. 

July. 

1.60 
1.70 
1.90 
2.00 
2.10 
2.20 
2.00 
2.00 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
.90 
.80 
1.40 
1.30 
1.30 

Aag. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.40 

2.40 

2.40 

a2.60 

a2.60 

a2.60 

a2.60 

a2.60 

a3.00 

a3.00 

a3.80 

a4.00 

1.80 

2.00 

2.00 

1.80 

1.80 

1.80 

1.70 

1.60 

1.80 

1.80 

1.80 

1.80 

1.70 

1.70 

1.70 

1.80 

1.90 

1.90 

1.90 

1.90 
1.80 
1.80 
1.90 
1.90 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
2.00 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.36 
.35 
.35 
.30 
.30 
.25 
.25 
.25 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.40 
.60 

0.70 

.80 

.20 

.20 

.80 

.30 

.40 

.60 

.50 

.80 

.80 

.80 

1.60 

1.20 

1.10 

1.10 

1.10 

1.10 

1.30 

1.40 

1.70 

1.70 

1.50 

1.50 

1.50 

1.70 

1.90 

2.00 

1.80 

1.50 

0.90 
.70 
.80 
.80 
.80 
.80 
.70 
.60 
.60 
.60 
.60 
.60 
.00 
.60 
.60 
.50 
.50 
.50 
.60 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.20 
.20 

0.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.60 
.60 
.40 
.40 
.40 
.30 
.80 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

0.20 
.20 
.20 
.50 
.40 
.40 
.30 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

0.40 
.40 
.40 
.40 
.40 
.40 
.60 
.60 
.40 
.40 
.40 
.40 
.50 
.60 
.60 
.60 
.40 
.40 
.40 
.60 
.00 
.60 
.00 
.50 
.50 
.60 
.60 
.40 
.40 
.30 

0.30 

2 

.30 

3 

4 

.30 
.30 

5 

6 

.30 
.30 

7 

8 

9 

10 

.30 
.30 
.30 
.30 

u 

12 

.40 
.60 

13 

.50 

14 

15 

16 

17 

18 

.30 
.30 
.30 
.30 
.30 

19 

.30 

20 

.30 

21 

.30 

22 

23 

.30 
.30 

2* 

.30 

25 

.70 

26 

.70 

27 : 

28 

1.00 
1.00 

29 

30 

31 

1.40 
1.40 
1.40 

aloe  gorge  below  gage;  actual  height  should  be  2.40. 

The  following  table  gives  the  discharge  measurements  of  the  canals 
diverting  water  from  Humboldt  River  near  Lovelocks: 

Discharge  ineasurements  of  canals  near  Lovelocks,  Nevada. 


Date. 


1900. 
March  16... 
March  19... 
June  29 


March  16. 

March  19. 
ApnlT... 
June  29 . . 
March  16. 
March  19. 
April  7 — 
June  29... 
March  8.. 


March  16. 
March  19. 
AprU7-.. 
June  29... 
March  17. 
March  19. 
April  7... 
June  29... 


Canal. 


Old  Channel  ditch. 

do 

do 


Last  Chance  ditch. 


do 

do 

do 

Southwest  ditch 

do 

do 

do 

Marker    or    Bodgers 
ditch. 

do 

do 

do 

do 

Union  canal 

do 

do 

do 


Locality. 


At  head  gate 

do 

250  yards  below  head 
gate. 

About  1  mile  below 
head. 

do 

do 

do 

do 

do 

do 

do 

At  flume  across  Hum- 
boldt River. 

do..  

do 

do 

do 

At  head  gate 

do 

.....do 

do 


Hydrographer. 


L.  H.  Taylor. 

.....do 

.....do , 


.do 

.do 
.do 
.do 
-do 
.do 
.do 
.do 
.do 

.do. 

.do 

.do 

.do 

.do 

.do. 

.do. 

do 


Dis- 
charge. 


8ec.-ft. 
94 
80 
60 

41 

89 
8 
17 
32 
84 
84 
80 
49 

56 
60 
66 
55 
81 
28 
81 
28 


EAST  FORK   CARSON   RIVER  NEAR  GARDNERVILLE,  NEVADA. 

This  branch  of  Carson  River  has  its  source  in  the  high  Sien*a  of 
California,   and   flows  northward,   crossing    the  Nevada-California 
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boundary  line  and  entering  Carson  Valley  at  Rodenbah's  ranch,  about 
20  miles  a  little  east  of  south  from  Carson.  There  it  turns  to  the  north- 
west, and  a  short  distance  above  the  town  of  Genoa  unites  with  the 
West  Fork,  forming  Carson  River.  The  drainage  area  above  Roden- 
bah's  is  414  square  miles  in  extent,  and  is  mapped  on  the  Markleeville 
and  Dardanelles  atlas  sheets  of  the  United  States  Geological  Survey. 
The  gaging  station  was  established  by  L.  H.  Taylor  on  October  17, 
1900,  at  the  place  where  measurements  were  made  in  the  years  1890, 
1891,  and  1892,  the  results  of  which  are  given  in  the  Thirteenth 
Annual  Report,  Part  III,  page  95.  The  rod  is  an  inclined  timber 
securely  fastened  to  posts  set  in  the  right  bank  of  the  stream.  The 
bench  mark  is  on  a  basalt  rock  in  the  edge  of  the  stream,  20  feet  from 
the  gage,  and  is  at  an  elevation  of  6.3  feet  above  gage  datum.  The 
channel  at  the  station  is  straight  and  the  banks  are  high.  The  stream 
bed  is  of  cobbles  and  gravel,  and  is  quite  stable.  Measurements  are 
made  from  a  cable  and  suspended  car. 

Daily  gage  height,  in  feet,  of  East  Fork  Carson  River  near  OardnervUle,  Nevada, 

far  1900, 


Day. 

Oct. 

Nov. 

Dec 

Day. 

Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec 

1 

2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.6 
2.5 
2.5 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.8 
2.3 
2.3 
2.3 
2.3 

12 

2.4 
2.4 
2.4 
2.4 
2.3 
2.4 
2.4 
2.5 
2.5 
2.9 
2.9 

2.3 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

23 

24 

25 

26 

27 

38 

29 

30 

31 

2.6 
2.5 
2.6 
2.5 
2.4 
2.4 
2.3 
2.4 
2.4 

2.7 
2.7 
2.7 
2.6 
2.4 
2.4 
2.4 
2.4 

2.4 

2 

13 

2.4 

3 

14 

2.4 

4 

15 

2.4 

5 

16 

2.4 

6 

17 

18 

19 

20 

21 

22 

2.3 
2.3 
2.3 
'   2.5 
2.6 
2.6 

2.4 

7 

.   2.4 

8 

2.4 

9 

8.4 

10 

U 

WEST  FORK   CABSON  RIVER  AT  WOODFORDS,  CALIFORNIA. 

This  stream  rises  on  the  eastern  slope  of  the  Sierra  Nevada  in  Cali- 
fornia, immediately  to  the  southeast  of  the  source  of  Truckee  River, 
and  flowing  in  a  general  northeast  direction  crosses  the  State  line 
into  Nevada  and  joins  the  East  Fork  near  Genoa,  in  Carson  Valley. 
The  drainage  area  is  mapped  on  the  Markleeville  atlas  sheet  of  the 
United  States  Geological  Survey.  The  gaging  station,  established  by 
L.  H.  Taylor  on  October  18,  1900,  is  about  three-fourths  of  a  mile 
above  the  post-office  at  Woodfords,  near  the  point  where  measure- 
ments were  made  in  1890,  1891,  and  1892,  the  results  of  which  are 
given  in  the  Thirteenth  Annual  Report,  Part  III,  page  96.  The  gage 
at  present  in  use  is  a  vertical  timber,  but  it  is  only  temporary,  the 
equipment  of  the  station  being  incomplete.  The  channel  at  the  sta- 
tion is  straight,  the  banks  are  high  and  rocky,  and  the  bed  is  of  rock 
and  gravel  and  not  likely  to  shift.  Measurements  are  made  from  a 
car  susi>ended  on  a  steel  cable  across  the  stream. 
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DaUy  gage  height ^  in  feet^  of  West  Fork  Carson  River  at  Woodfords,  California^ 

for  1900. 


Day. 

Oct. 

Nov. 

1 
Dec. 

Day* 

Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec. 

1 

2.66 
2.50 
2.45 
2.40 
2.40 
2.40 
2.60 
2.00 
2.00 
2.66 
2.50 

2.65 
2.50 
2.50 
2.45 
2.40 
2.50 
2.35 
2.40 
2.50 
2.45 
2.50 

1 

12 

2.45 
2.40 
2.40 
2.45 
2.60 
2.40 
2.45 
2.50 
2.50 
2.55 
2.40 

2.50 
2.45 
2.50 
2.48 
2.35 
2.40 
2.35 
2.40 
2.60 
2.70 
2.60 

23 

24 

26 

25 

27 

28 

29 

80 

31 

2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.85 
2.40 
2.50 

2.36 
2.45 
2.60 
2.50 
2.50 
2.45 
2.50 
2.55 

2.65 

2 

18 

2.70 

3 

14 

2.07 

4 

16 

2.66 

5 

16 

2.70 

6 

17 

2.65 

7 

18 

19 

20 

21 

22 

2.40 
2.50 
2.70 
2.70 
2.50 

2.00 

8 

2.00 

9 

2.00 

10 

11 

CARSON  RIVER  NEAR  EMPIRE,    NEVADA. 

This  river  has  its  source  on  the  slopes  of  the  Sierra  Nevada  in  east- 
em  California,  and  flows  northward  into  the  State  of  Nevada.  At 
Empire,  3  miles  east  of  Carson,  after  having  traversed  the  upper  Car- 
son Valley,  it  turns  to  the  northeast  and  enters  a  deep  canyon,  through 
which  it  flows  for  several  miles,  emer^ng  into  a  second  smaller  valley 
a  short  distance  above  the  town  of  Dayton.  After  leaving  this  valley 
it  passes  through  two  other  shorter  canyons  and  through  one  rather 
large  valley  before  entering  Lower  Carson  Valley,  or  Carson  Sink 
Valley,  as  it  is  also  known,  and  discharging  its  waters  into  the  Carson 
Sink.  The  drainage  area  is  mapped  on  the  Dardanelles,  Marklee- 
ville,  Carson,  and  Wabuska  atlas  sheets  of  the  United  States  Geolog- 
ical Survey.  On  October  21,  1900,  a  gaging  station  was  established 
about  2  miles  below  the  town  of  Empire  and  about  three-fourths  of  a 
mile  below  the  point  where  measurements  were  made  by  Mr.  Taylor 
in  1895,  the  results  of  which  are  given  in  Bulletin  of  United  States 
Geological  Survey  No.  140  (Report  of  progress  of  the  Division  of 
Hydrography  of  the  United  States  Geological  Survey  for  the  calendar 
year  1895).  The  gage,  a  temporary  one,  is  vertical,  driven  into  the 
stream  bed,  and  spiked  to  a  timber  set  firmly  in  the  left  bank.  The 
bench  mark  is  on  a  stone  wall  1(5  feet  from  the  gage  and  at  an  eleva- 
tion of  7.5  feet  above  gage  datum.  The  channel  is  straight,  the  banks 
are  rather  high,  and  the  bed  is  comjwsed  of  cobbles  and  gravel  and  is 
not  likely  to  shift  or  corrode. 

Daily  gage  height,  in  feet,  of  Carson  River  near  Empire,  Nevada,  for  1900, 


Day.   Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec 

1 
1 

2.40 
2.40 
2.40 
2.40 
2.46 
2.40 
2.40 
2.50 
2.66 
2.60 
2.50 

2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.fl0 

12 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.66 

2.60 
2.60 
2.65 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 

28 

23 

24 

25 

28 

27 

28 

29 

30 

» 

2.00 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 

8.06 
2.90 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 

2.70 

2 

1  18 

2.60 

14 

2.60 

4 

15 

2.60 

5 

16 

2.60 

6 

17 

2.00 

7 

18 

2.66 

8 t 

1  19 

2.66 

9 

20 

2.40 

10 

21 

2.00 

2.40 

11 
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TRUCKEE   RIVER  AT  TAHOB,    CALIFORNIA. 

Truckee  River,  the  natural  outlet  of  Lake  Tahoe,  leaves  the  lake  at 
the  city  of  Tahoe.  About  500  feet  from  the  lake  there  is  a  timber  dam 
across  the  river,  which  has  been  maintained  for  more  than  twenty 
years,  for  the  purpose  of  controlling  the  discharge  from  the  lake. 
During  the  early  part  of  the  year  1900  the  gates  in  this  dam  were  kept 
closed,  not  being  opened  until  June  17,  when  a  gage  was  placed  in  the 
sti'eam  for  the  purpose  of  recording  the  height  of  the  water  in  the 
river.  The  gage  is  a  vertical  timber  driven  into  the  stream  bed  at 
the  left  bank  about  300  feet  below  the  dam,  and  is  spiked  to  the  root  of 
a  tree  growing  on  the  bank.  The  bench  mark  is  cut  in  the  side  of  the 
tree  and  is  4  feet  above  gage  datum.  The  measurements  are  made 
from  a  cable  and  suspended  car  about  one-fourth  mile  below  the  gage, 
which  was  placed  as  near  the  city  of  Tahoe  as  possible  for  the  conven- 
ience of  the  observer.  At  the  point  of  measurement  the  right  bank 
is  low  and  is  subject  to  overflow  at  very  high  stages  of  thie  stream,  but 
the  left  bank  is  rather  high.  The  channel  is  nearly  straight  for  a 
short  distance  above  and  below  the  station,  and  the  bed  of  the  river, 
which  is  of  gravel  and  coarse  sand,  is  smooth  and  stable.  The  pur- 
pose of  the  station  is  to  ascertain  the  actual  outflow  from  Lake  Tahoe, 
with  a  view  to  determining  its  real  value  as  a  storage  reservoir.  The 
following  measurements  were  made  during  1900: 

Dischurge  measurements  of  Truckee  River  at  Tahoe^  California. 


Date. 

Gage 
height. 

Dis- 
charge. 

Date. 

Qage 
hei^t. 

Dl9- 

charge. 

190a 
jTin^J8    

Feet. 
0.75 
1.45 
1.00 
1.40 

Sec'ft, 

240 
277 
225 

1900. 
October  28 

Feet. 

0.40 

.95 

1.15 

8ec.'/t. 
58 

June  80... 

Do 

130 

Jalyl2 

Do 

158 

September  7 
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Daily  gage  height^  in  feet,  of  lYuckee  River  at  Tahoe,  California,  for  1900, 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct 

• 

Nov. 

Dec 

1 ,. 

(a) 
1.45 
1.45 
(a) 
1.45 
1.45 
1.45 
(a) 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
.75 
1.60 
1.45 
1.60 
1.45 
1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.45 
1.45 
1.60 
1.60 
1.65 

1.56 
1.65 
1.65 
1.60 
1.65 
1.60 
1.60 
1.60 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.46 
1.45 
1.40 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.85 
1.35 

1.36 
1.36 
1.30 
1.30 
1.30 
1.30 
1.40 
1.36 
1.35 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.26 
1.20 
1.36 
1.30 
1.35 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.15 
1.15 
1.15 
1.20 
1.20 
1.15 
1.15 
1.15 
1.10 
1.10 
1.10 

his 

1.10 
1.10 
1.10 
1.10 
1  10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.30 
.90 
.90 
.90 
.90 
.90 

(a) 
(o) 

(a) 

2 

0.«) 

3 

.80 

4 

.00 

5 

.00 

6 

.80 

7 

.80 

8 

.80 

H 

.80 

10 

.80 

11 

.80 

12 

.80 

13 

.80 

14 

.80 

15 

.80 

16 

.80 

17 

0.75 
.75 
.76 
.75 

(a) 
.80 

(tt) 

(a) 

1.10 

(a) 

1.45 

1.45 

1.45 

1.45 

.00 

.00 

19 

.00 

.00 

21 

.00 

S 

83 

.00 
.00 

34 

.00 

26 

.00 

26 

.00 

27 

.00 

28 

.00 

29 

.00 

ao 

.00 

31 

.00 

a  All  gates  cloeed;  no  water  flowing  from  lake. 
TRUCKEE  RIVER  AT  NEVADA-CALIFORNIA  STATE  LINE. 

This  station  is  described  iu  Water-Supply  Paper  No.  38,  page  331. 
During  1900  the  following  measurements  were  made  by  L.  H.  Taylor: 

Discharge  mea^mrements  of  Truckee  River  at  Nevada-California  State  line. 


Date. 


190a 

April  10 

May  15 

May  22 

June  1 

June  16 


Gage 
height. 


Feet. 
2.90 
4.10 
4.30 
8.70 
3.20 


Dis- 
charge. 


Sec. 


1,493 

1,639 

1,112 

901 


Date. 


1900. 

Julyl 

July  14 

September  0  .... 
October  2 


Qaflre 

leignt. 


heig 


Feet 
2.60 
2.60 
2.30 
1.90 


Dis- 
charge. 


Sec.'ft. 
634 
661 
447 
818 
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Daily  gage  height^  in  feet,  of  Tmckee  River  at  Nevada-California  State  line^  for 

1900, 


jyay. 


1. 

2. 

8- 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
Vi. 
18. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
86. 
27- 
28. 
29. 
30. 
31- 


1.90 
2.00 
2.80 
3.20 
2.80 
2.70 
2.») 
2.10 
2.00 
2.00 
2,00 
2.(» 
2.10 
2.30 
2.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.00 
2.00 
90 
9i) 
90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


Feb. 


1. 
1. 
1. 


1. 
1. 
1. 
1. 
1. 


90 
90 
90 
90 
90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 


Mar. 


•> 


2.0') 
2.00 
2.30 
2.40 
2.60 
2.60 
2.60 
2.90 
3.00 
3.40 
3.60 
3.40 
3.40 
3.20 


3.40 
3.60 
3.60 
3.40 
3.40 
3.40 
3.40 


8.40 
3.20 
3.  (K) 
3.00 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3. 10 
3.00 
2.90 
2.90 
2.90 
2.W) 

3.  a) 

3.0) 
3.40 
3.60 
3.tJ0 
3.50 
3.10 
3.00 
3.30 
3.50 
3.10 
3.00 
3.40 
4.00 


4.00 
4.00 
3.80 
4.00 
4.30 
4.00 
4.10 
4.30 
4.44) 
4.60 
4.60 
4.00 
3.80 
3.80 
4.30 
4.40 
4.40 
4.50 
4.50 
4.00 
4.40 
4.50 
4. -10 
4.(0 
4.011 
4.00 
3.80 
3.80 
3.80 
3  70 
3.70 


June.  July.  Aug.  Sept. 


4.00 
4.00 
3.70 
3.70 
3.60 
4.00 
3.70 
3.20 
3.20 
3.20 
3.20 
3.10 
3.00 
3.00 
2.90 
3.00 
2.00 
2.70 
2.70 

2.eo 

2.60 
2.60 

2.(i0 


2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.;J0 

2.:» 

2.30 
2.30 
2.30 
2.30 
2.2t) 
2.20 
2.20 
2.20 
2.2») 
2.20 


2.10 
2.10 
2.10 
2.10 
2.10 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.40 
2.40 
2.40 
2.40 
2.00 
2.20 
2.20 
2.40 
2.40 
2.40 


2.40 
2.00 
1.80 
2.40 
2.20 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.2(J 
2.30 
2.:i0 
2.30 
2.30 
2.30 
2.;30 
2.30 
2.10 
2.00 
2.00 
l.tJO 
1.60 
1.60 
2.00 
1.70 
1.90 
2.10 


Oct. 

Nov. 

2.30 

2.30 

2.00 

2.00 

2.10 

2.00 

2.10 

2.40 

2.20 

2.40 

2.20 

2.40 

Dec 


2.30 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.30 
1.70 
2.00 
2.30 
3.20 
10 
00 
90 
90 
2.80 
2.80 
2.70 
2.70 
2.40 
2.00 
2.40 


2.70 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.60 
3.20 
3.00 
2.80 
2.50 
2.50 
2.30 
2.00 
2.00 
2.00 


1.60 
1.0) 
1.0) 
1.80 
1.80 
1.80 


1  — 
2 
2 

o 

2 
«> 


W 
20 
20 
30 
20 
20 
20 
OO 
2.00 
2.00 
2.00 
2.30 
2.40 
3.60 
3.00 
3.00 
2.00 
2.00 
2.20 
2.30 
2.  ft) 
2.00 
2.00 
2.20 
2.00 


TRUCKEE   RIVER  AT  VISTA,   NEVADA. 

This  station  is  described  in  Water-Supply  Paper  No.  38,  page  331. 
Dui'ing  1900  the  following  measurements  were  made  by  L.  H.  Taylor; 

Discharge  meamirementa  of  Tmckee  River  at  Vista^  Nevada, 


Date. 


1900. 

April  25 

MAyl4 

May  23 

June9 

June  14 

June  19 


Gage 
height. 


Feet. 
8.30 
3.80 
4.30 
3.80 
4.10 
2.90 


Dis- 
charge. 


Sec.-ft. 

757 

989 
1,326 

967 
1,150 

471 


Date. 


1900. 

June  28 

July2 

July  10 

July24 

August  22 

September  28 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec'/t. 

2.70 

372 

2.20 

207 

2.06 

138 

2.00 

99 

2.30 

IW 

2.25 

f^ 
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Daily  gaffe  lieight,  infect,  of  Truckee  River  at  Vista,  Nevada,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

1 

2 

3 

4 

2.65 
2.80 
4.15 
3.95 
3.46 
3.20 
3.15 
3.10 
2.80 
2.80 
2.90 
2.90 
3.00 
2.90 
2.96 
2.91) 
2.86 
2.80 
2.80 
2.80 
2.80 
2.86 
2.80 
2.70 
2.70 
2.70 
2.00 
2.00 
2.00 
2.70 
2.66 

2.70 
2.70 
2.70 
2.00 
2.00 
2.06 
2.70 
2.70 
2.00 
2.00 
2.70 
2.70 
2.75 
2.76 
2.80 
2.85 
2.90 
2.00 
2.60 
2.60 
2.70 
2.70 
2.76 
2.75 
2.70 
2.70 
2.70 
2.76 

2.75 
2.80 
2.80 
2.80 
2.80 
2.90 
3.00 
3.16 
8.85 
3.40 
8.46 
8.60 
8.66 
8.80 
3.80 
3.80 
3.90 
3.90 
3.90 
3.90 
3.96 
8.96 
3.90 
3.80 
8.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.00 

8.60 
8.70 

aoo 

3.40 
3.40 
3.80 
8.30 
8.30 
3.20 
3.10 
8.10 
3.10 
8.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.00 
4.20 
4.20 
3.  SO 
3.40 
3.40 
3.40 
3.50 
3.60 
3.50 
4.00 

4.50 
4.50 
4.00 
4.30 
4.00 
4.50 

3.40 
3.00 
3.60 
4.05 
3.00 

2.45 
2.36 
2.20 
2.20 
2.20 
2.20 
2.16 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.96 
1.90 
2.00 
1.90 
1.80 
1.76 
1.75 
1.76 
1.80 
2.10 
1.90 
1.96 
1.90 
1.90 
1.80 
1.80 
1.85 

1.86 
1.85 
1.90 
1.85 
1.90 
1.80 
1.85 
1.85 
1.86 
1.90 
1.90 
1.90 

2.10 
2.00 
2.10 
2.40 
2.40 
2.40 
2.25 
2.20 
2.20 
2.15 
2.10 
2  fli 

2.16 
2.35 
2.40 
2.60 
2.75 
2.75 
2.70 
2.70 
2.70 
2.40 
2.60 
2.56 
2.00 
2.50 
2.60 
2.56 
2.00 
2.75 
2.70 
4.00 
3.00 

2.80 
2.85 
2.90 
2.50 
2.66 
2.00 
2.66 
2.70 
2.75 
2.80 
2.80 
2.80 
2.80 
2.75 
2.80 
3.00 
2.90 
2.90 
2.85 
290 
I  on 

2.90 
3.00 
2.85 
2  80 

6 

2.90 
2  90 

6 

t   ............ ........ 

4.66  1  ^  flO 

2  70 

8 

4.00 
4.46 
4.60 
4.60 
4.00 
3.80 
3.75 
4.16 
4.56 
4.40 
4.25 
4.40 
4.66 
4.35 
4.85 
4.25 
4.00 
3.86 
3.80 
3.90 
3.75 
3.80 
3.80 
3.50 

4.20 
3.75 
3.00 

a66 

3.56 
8.00 
4.00 
3.60 
3.30 
3.10 
3.10 
2.90 
3.00 
2.85 
2.75 
2.70 
2.70 
2.70 
2.65 
2.66 
2.66 
2.36 
2.55 

1 

2.86 

9 

10 

2.86 
2  80 

11 

2  80 

12 

2  80 

13 

1.90  1  9  fln 

2.80 

14 

2.00 
2.06 
2.10 
2.05 
1.90 
2.21* 
2.10 
2.10 
2.26 
2.80 
2.30 
2.40 
2.20 
2.20 
2.10 
2.00 
2.10 
2.10 

2.15 
2.20 
2.20 
2.80 
2.20 
2.20 
2.36 
2.30 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.30 
2.20 
2,20 

2.75 

15 

2.80 

Itf 

2  80 

17 

2  80 

18 

2.75 

19 

2.86 

ao 

2.96 

21 

4.26 

e 

3.00     4.30 
2.95     3.90 
2. 85    H-  an 

4.00 

23 

3.80 

24 

3.00 

25 

2.80 
2.75 
2.75 
2.00 
2.70 
2.75 
2.76 

3.10 
3.25 
3.00 
2.90 
2.80 
2.80 

2.80 

as 

3.05 

27 

2.90 

28 

29 

2.70 
2.85 

») 

2.05 
3.20 

MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  TRUCKEE  BASIN. 

During  the  year  discharge  measurements  were  made  of  a  number 
of  streams  in  this  basin,  as  recorded  in  the  following  table: 

Miscellaneous  discharge  measurements  in  Truckee  Basin, 


Date. 


1900. 

Mays 

June  16 

Jane 5 

June  16 .w. 

September  14 

May  16 

MayS9 

July  13 

Aufnist  20 

September  13 

Do 

May  21 

JuneS 

July  13 

JuneS 

June  12 

May  21 

.Tune4 

September  14 . 

June4 

September  0., 

July  27 

September  15 . 


Stream. 


AugruBt  16 

September  15 . 

July  28 

September  15 . 

July  25 

September  10. 

July  20 

September  10. 

June7 , 

September  12. 


Ward  Creek 

Deer  Creek ..... 
Squaw  Creek... 

do 

do 

Donner  Creek . . 

do 

do 

do 

do 

Cold  Creek 

Donner  Creek . . 

do 

do 

Truckee  Riyer.. 

do 

Martis  Creek 

do 

do 

Proeeer  Creek... 

do 

do 

Little    Truckee 
River. 

do 

Juniper  Creek... 
Jo  Gray  Creek... 

.....do 

Alder  Creek 

....do 

Dog  Creek 

.....do 

Hunter  Creek  . . . 
.....do 


Locality. 


Snnnyslde.  Cal 

Near  Truckee  River,  Cal. . . 

do 

do 

do 

Near  Donner  Lake,  Cal 

do 

do 

do 

db 

At  Cold  Creek  Canyon,  Cal . 

Truckee,  Cal 

do 

do 

do 

do 

Martis,  Cal 

....do 

do 

Two  miles  above  railroad . . 

Proeser,  Cal 

.....do 

Boca,  Cal 


do 

Burkhalter,  Cal. 

Iceland,  Cal 

do 

Floriston,  Cal... 

.....do 

Verdi,  Nev 

...do 

Mayberry,  Nev . 
do 


Hydrographer. 


L.  H.  Taylor. 
C.  V.  Taylor . 

do 

do 

do 

L.  H.  Taylor. 
C.  V.  Taylor . 
do 


do 

do 

do 

do 

do 

.do 

do 

.do 

.do 

-do 

do 

.do 

.do 

.do 

.do 

-do 

.do 

.do 

.do, 

.do. 

.do. 

.do 

.do, 

.do 

.do, 


Dis- 
charge. 


Sec. -ft, 

147 

26 

81 

46 

3 

128 

73 

1 

00 

!» 

1 

324 

127 

15 

364 

264 

25 

18 

9 

145 

10 

26 

27 

9 

1 

20 
12 
13 
10 

0.4 

1 
41 

6 
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STEAMBOAT  CBSEK  AT  STEAMBOAT  SPBIKOS,   NEVADA. 

This  stream  is  the  outlet  of  the  Washoe  Lake  Basin,  lying  on  the 
eastern  slope  of  the  Tahoe  range  of  moantains.  The  total  drainage 
area  above  the  station  at  Steamboat  Springs  is  123  square  miles.  The 
station  was  established  May  31,  1900,  for  the  purpose  of  ascertaining 
the  volume  of  water  entering  Reno  Valley  through  this  stream.  It  is 
at  a  footbridge  across  the  creek  about  200  yards  east  of  the  Vii^nia 
and  Truckee  Railroad  station  at  Steamboat,  at  the  point  where  the 
stream  enters  Reno  Valley,  on  the  main  Truckee  River.  The  gage  is 
a  vertical  timber  driven  into  a  seam  in  the  rock  of  the  stream  bed 
and  spiked  to  the  footbridge  which  spans  the  creek,  from  which  meas- 
urements are  made.  The  channel  is  straight  for  a  short  distance 
above  and  below  the  st<ation,  and  the  banks  are  high  and  not  subject 
to  overflow.  The  stream  bed  is  of  limestone  and  is  perfectly  stable. 
The  bench  mark  is  on  a  post  driven  in  the  ground  on  the  right  bank 
of  the  stream  at  the  end  of  the  bridge,  and  is  at  an  elevation  of  5  feet 
above  gage  datum.  The  following  measurements  were  made  during 
1900: 

May  31:  Oage  height,  1.06  feet;  discharge,  28  second-feet. 

June  9:  Gage  height,  1.30  feet;  discharge,  84  second-feet. 

July  2:  Ghige  height,  0.75  foot;  discharge,  12  second-feet. 

July  11:  Gage  height,  0.55  foot;  discharge,  6  second-feet. 

August  21:  Gage  height,  0.85  foot;  discharge,  8  seoond-feet. 

September  16:  Gage  height,  0.85  foot;  discharge,  8  second-feet. 

Daily  gage  height,  in  feet,  of  Steamboat  Creek  at  Steamboat  Springs,  Nevada,  for 

1900. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1    Dec. 

1 
1      , 

1.06 
1.05 

i.oe 

1.06 
1.80 
1.15 
1.60 
l.GO 
1.10 
1.40 
1.40 
1.45 
1.60 
1.60 
1.66 
1.60 

i.ao 

1.10 
1.00 
.90 
.00 
.80 
.60 
.60 
.60 
.40 
.40 
.40 
.60 
.66 

0.60 
.60 
.60 
.60 
.60 
.70 
.70 
.70 
.80 
•  .70 
.55 
.66 
.60 
.55 
.55 
.00 
.60 
.66 
.66 
.60 
.50 
.60 
.50 
.45 
.45 
.46 
.60 
.60 
.60 
.45 
.45 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
.30 
.40 
.40 
.80 
.35 
.40 
.40 
.85 
.30 
.30 
.30 
.80 
.80 
.30 
.80 
.30 
.30 
.80 
.88 
.30 
.30 
.88 
.86 

0.30 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.30 
.30 
.30 
.80 
.40 
.80 
.86 
.40 
.86 
.35 
.86 
.80 
.30 
.86 
.40 
.40 
.40 
.86 
.80 
.80 
.85 
.80 

0.30 
.35 
.40 
.40 
.35 
.86 
.85 
.35 
.80 
.85 
.35 
.85 
.40 
.40 
.40 
.40 
.40 
.45 
.80 
.60 
.60 
.60 
.60 
.60 
.00 
.60 
.60 
.60 
.60 
.60 
.60 

aoo 

.60 
.60 
.66 
.65 
.66 
.75 
.70 
.65 
.65 
.66 
.60 
.60 
.60 
.60 
.70 
.65 
.65 
.65 
.70 
2.00 
.70 
.65 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

0.60 

2 1 

.60 

8 1 

.60 

4      ■ 

.00 

5 ::..::.. ' 

.60 

tt 

.60 

7 1 

.60 

8  

.00 

9  

.00 

10 

.60 

11          

.60 

\2 

.60 

13  

.60 

U 

.60 

15 

.60 

10                       

.80 

17 

.65 

18  .       .. 

.60 

19 

.60 

20                 

.60 

21 

.60 

3J 

.60 

23 

.60 

24 

.60 

25 

.60 

20 

.60 

27 

.60 

28         

.60 

29 

.60 

30 

1.06 
1.06 

.60 

81 

.60 
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WILLOW  ORBEK  NEAR  STANDISH,  CALIFORNIA. 

This  stream,  which  is  tributary  to  Susan  Biver  about  12  miles  east 
of  the  town  of  Susan ville,  has  its  source  among  the  outlying  spurs  of 
the  Sierra  Nevada  to  the  northeast  of  the  watershed  of  that  river.  It 
is  more  regular  in  its  discharge  than  is  Susan  River,  and  although  its 
waters  are  employed  for  the  irrigation  of  considerable  land  in  Willow 
Creek  Valley,  on  its  upper  course,  during  the  latter  part  of  the  irrigat- 
ing season  it  is  the  main  reliance  for  the  water  supply  for  the  lands 
bordering  Honey  Lake  on  the  northwest.  The  gaging  station,  estab- 
lished by  L.  H.  Taylor  on  June  4, 1900,  is  at  the  highway  bridge  about 
4  mQes  west  of  north  from  the  post-office  at  Standish  and  about  1^ 
miles  north  of  Susan  River.  As  in  the  case  of  the  latter  stream,  a 
temporary  gage  is  being  used.  Measurements  are  made  from  the 
bridge.  The  channel  at  the  station  is  straight  for  a  short  distance. 
The  left  bank,  is  high,  but  the  right  bank  is  low  and  is  subject  to  over- 
flow at  extreme  high  water,  which  does  not,  however,  occur  oftener 
than  once  in  five  or  six  years.  The  stream  bed  is  sandy  and  shifts 
some. 

Ravenscroft  ditch  diverts  water  from  the  creek  near  the  station. 
During  1900  its  discharge  was  measured  three  times,  as  follows: 
June  4,  discharge,  1.5  second- feet;  July  30,  discharge,  1  second-foot; 
October  10,  discharge,  0.3  second-foot. 

During  the  year  the  following  discharge  measurements  were  made 
at  the  main  station  by  L.  H.  Taylor: 

Jnne  4:  Gage  height,  2.60  feet;  discharge,  16  second-feet. 
Jnly  30:  Qage  height,  2.85  feet;  discharge,  26  second-feet. 
October  10:  Gttkge  height,  2.80  feet;  discharge,  20  second-feet. 

Daily  gage  height^  in  feet,  of  WxUow  Creek  near  Standish,  California,  for  1900. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.70 
2.70 
3.00 
2.80 
2.80 
2.66 
2.66 
2.63 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.90 
3.00 
3.10 
3.10 
8.10 

3.10 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
2.96 
2.96 
2.96 
2.96 
2.96 
2.95 
2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2L90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.00 
2.96 
2.96 
3.00 
3.00 
8.00 
3. 00 
3.00 
8.00 
3.00 
8.00 
3.00 
3.00 
8.00 
2.90 
8.00 
3.00 
8.00 
3.10 
3.10 
8.10 

3.10 
3.10 
3.10 
8.00 
2.90 
2.75 
a  10 
8.00 
2.80 
3.40 
8.90 
880 
820 
8.30 
8.30 
880 
8.30 
3.30 
3.30 
3.30 
3.30 
8.30 
3.80 
8.40 
8.40 
8.40 
8.40 
3.40 
8.40 
a40 
8.40 

3.40 
8.40 
8.40 
8.60 
8.60 
850 
3.60 
8.60 
860 
860 
860 
3.60 
860 
3.70 
8.70 
880 
8.80 
3.80 
880 
a  86 
a  06 
4.00 
4.10 
4.10 
4.20 
4.20 
4.10 
4.00 
a  00 

a  80 

8.70 

8 , 

8.70 

8 

8.70 

4 

2.00 
2.00 

2.au 

2.60 
2.60 
2.60 
2.60 
2.66 
2.66 
2.66 
2.66 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
:    2.70 
2.70 
3.70 

8.70 

6  

8.70 

6 

3.70 

7 

8.70 

8 

8.70 

9 :. 

8.70 

10 

8.70 

U 

12 

a  70 
8.70 

13 

8.75 

14 - 

15 

4.90 
5.60 

16 

6.50 

17 

5.60 

18 

5.60 

19.. 

8.00 

20 

8.00 

21 

8.60 

22 

8.50 

23 

8.20 

04 

7.90 

26 

7.60 

28 

7.60 

27 

7.20 

28.— 

6.70 

20 

6.60 

ao     --            .•  — 

6.80 

31 

4.80 
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SUSAN  RIVER  NEAR  SUSANVILLE,   CAUFORNIA. 

This  river  has  its  source  in  the  Sierra  Nevada  in  northeastern  Cali- 
fornia, and  flowing  eastward  discharges  into  Honey  Lake — one  of  the 
land-locked  lakes  of  the  Great  Basin — of  which  it  is  the  principal 
feeder.  A  considerable  area  of  land  is  irrigated  from  the  waters  of 
the  river  below  the  gaging  station,  and  during  the  last  ten  or  twelve 
years  several  projects  have  been  started  for  irrigating  other  very 
extensive  areas  by  the  storage  of  its  waters  both  above  and  below  the 
town  of  Susanville.  The  gaging  station  is  about  three-fourths  of  a 
mile  southwest  of  the  town,  at  the  electric-light  plant.  It  was  estab- 
lished June  3,  1900,  by  L.  H.  Taylor,  a  temporary  gage  being  placed 
in  the  right  bank  of  the  river.  The  station  is  designed  to  be  equipi)ed 
with  a  cable  and  suspended  car  from  which  to  make  measurements  of 
the  discharge,  but  these  and  the  permanent  gage  have  not  yet  been  put 
into  place.  The  channel  is  straight  for  a  distance  above  and  below 
the  station,  and  the  banks  are  high.  The  stream  bed  is  of  gravel  and 
cobbles,  and  is  rather  stable. 

A  short  distance  above  the  station  a  small  irrigating  dit-ch,  known 
as  the  Masten  ditch,  is  taken  out  on  the  right  bank  of  the  stream. 
Near  its  head  is  a  flume  in  which  a  gage  has  been  placed  and  measure- 
ments are  made.  *  On  July,  5,  1900,  this  ditch  was  dischai^ng  7 
second-feet.  During  1900  two  measurements  were  made  of  the  dis- 
charge of  the  river  at  Susanville,  under  the  direction  of  L.  H.  Taylor, 
as  follows : 

Jnne  3:  Gage  height,  3.30  feet;  discharge,  4C  second-feet. 
July  5:  Gage  height,  2.60  feet;  discharge,  8  second-feet. 


Daily  gage  height,  in  feet^  of  Su8g,n  River  near  i 

Susanville f  California,  for 

1900. 

Day. 

Jnne. 

Jnly. 

Ang. 

Sept. 

Oct 

Nov. 

Dec. 

1 : 

2.70 
2.66 
2.65 
2.60 
2.60 
2.60 
2.65 
2.56 
2.ti5 
2.60 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
2.45 
2.45 
2.45 
2.46 
2.46 
2.46 

2.45 
2.40 
2.40 
2.40 
2.35 
2.35 
2.40 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
8.40 
2.40 
2.40 
2.45 
2.45 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.40 
2.40 
2.45 
2.40 
2.40 
2.40 

2.40 
2.40 
2.40 
2.4D 
2.40 
2.40 
2.40 
2.40 

2.40 
2.40 
2.70 
2.60 
2.60 
2.60 
2.6U 

2.66 

2.65 

2.66 

2.66 

2.66 

2.60 

2.70 

2.70 

2.70 

2.70  , 

2.70 

2.70 

2.70 

2.70 

2.70' 

2.90 

2.90  1 

2.90 

2.90 

2.90 

4.00 

3.80 

3.60 

3.30 

3.80 

8.40 

3.30 

3.80 

3.20 

8.10 

3.00 

2 

8.<»J 

3 

3.(k) 

4 

3.20 
3.15 
S.10 
8  10 
8.06 
8.00 
8.00 
8.00 
2.96 
8.10 
8.10 
8.10 
8.15 
8.10 
8.06 
8.06 
8.05 
8.05 
8. 00 
8.00 
8.00 
2.95 
2.90 
2.75 
2.  HO 
2.70 
2.60 

:;.95 

6 

2.H5 

6 

2.9l> 

7 

2*1 

8 

2.90 

9 

2.40        2.65 
2.40  >      2.60 
2.40  :      2.60 
2.40        2.50 

2.35  :      2.50 

2.36  1      2.56 
2.85  ,      2.60 
2.35        2-60 

2.W 

10 

S.9i> 

11 

2.ttl 

12 

2.iK) 

13 

2.91) 

U 

2.»^ 

16 

2.WI 

16 

2.9U 

17 

2.35 
2.36 
2.35 
2.35 
2.36 
2.35 
2.35 
2.86 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

2.00 
2.00 
2.90 
3.10 
2.90 
2.80 
2.80 
2.80 
2.75 
2.60 
2.60 
2.65 
2.65 
2.70 
2.65 

sat 

18 

3.(1) 

10 

3-l» 

20 

4.9> 

21 

4.40 

22 

3.81) 

28 

3.2^) 

24 

3.40 

25 '. 

3.  an 

26 

3.3) 

27 

3.9) 

28 

28 

3.10 

ao 

a  10 

81 

3.10 
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DaUy  gage  height,  in  feet,  of  Masten  ditch  near  SuaanviUe,  Calif omia,  for  1900. 


Day. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

0.75 
.76 
.76 
.76 
.76 
.70 
.66 
.60 
.60 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.66 
.66 
.66 
.65 
.65 
.60 
.00 
.66 
.55 
.56 
.56 
.55 
.65 
.66 
.55 

0.60 
.50 
.50 
.60 
.45 
.65 
.55 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.45 
.45 
.46 
.00 
.60 
.66 
.56 
.66 
.65 
.50 
.50 
.60 
.50 
.60 
.66 

0.65 
.50 
.00 
.00 
.60 
.60 
.60 
.05 
.66 
.65 
.70 
.70 
.80 
.80 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.80 
.80 
.85 
.85 
.75 
.75 
.76 
.76 

0.76 
.80 

1.00 
.85 
.90 
.85 
.80 
.75 
.75 
.70 
.70 
.70 
.70 
.66 
.00 
.60 
.60 
.60 
.80 
.90 
.70 
-00 
.00 
.00 
.00 
.70 
.70 
.66 
.66 
.66 
.60 

0.60 
.60 
.60 
.60 
.60 
.60 
.66 
.66 
.66 
.56 
.55 
.65 
.50 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.90 
.70 
.70 
.60 
.70 
.60 
.60 
.00 
.60 
.60 

0.60 

9 

.60 

3 

.60 

4 

.46 

5 

.45 

6 

.40 

7 

.40 

8 

.40 

0 

.40 

10 

.40 

11 

.40 

12 

.40 

13 

.40 

14 

•    .40 

15 

.40 

16 

.40 

17 

.60 

le 

.60 

19 

.00 

20 

.90 

21 

.90 

22 

.80 

23 

.00 

24 

.60 

25 

0.30 
.65 
.86 
.86 
.85 
.80 

.60 

26 

.00 

27 

.40 

28 

.00 

20 

.00 

31) 

31 

BEAR  RIVER  AT  BATTLECREEK,  IDAHO. 

Thin  station,  established  October  11,  1889,  is  about  10  miles  north 
of  the  Utah-Idaho  boundary  line.  It  is  described  in  Water-Supply 
Pai)er  No.  38,  page  332.  There  are  two  bench  marks  to  which  the 
gage  is  referred;  the  first  is  a  nail  in  the  bridge  floor  beam  close  to 
the  gage,  and  the  second  is  three  nails  in  the  east  side  of  the  north 
post  which  supports  the  station  cable.  Both  of  these  bench  marks  are 
11.118  feet  above  the  gage  datum.  Results  of  measurements  will  be 
found  as  follows:  For  1896,  Eighteenth  Annual  Rejiort,  Part  IV,  page 
315;  for  1897,  Nineteenth  Annual  Report,  Part  IV,  page  432;  for  1898, 
Twentieth  Annual  Report,  Part  IV,  page  459;  for  1899,  Twenty-first 
Annual  Report,  Part  IV,  page  394.  During  1900  the  following  meas- 
urements of  discharge  were  made  by  George  L.  Swen^sen: 

Discharge  measurements  of  Bear  River  at  Battlecreek,  Idaho, 


Date. 


1900. 

FebmanrU 

March  99 

April  23 

May  28 

June  20 

July  27 


Oage 

height 

Dis- 
charge. 

Feet 

Sec.-ft. 

1.75 

058 

2.95 

1,880 

2.88 

1.585 

8.60 

2,232 

2.15 

973 

1.67 

648 

Date. 


Dis- 
charge. 


1900 

August  81 

Septemher26... 

October  20 

November  6.... 
December  22... 
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OPERATIONS   AT   RIVER   STATIOlTS,  1900. ^PART   V.        [wo.n. 


Daily  gage  height,  in  feet,  qf  Bear  River  at  Battlecreek^  Idaho,  for  1900* 


Day. 

Jan. 

1.90 
1.00 
1.00 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
1.00 
1.05 
2.10 
2.20 
2.23 
2.00 
2.15 
2.10 
2.10 
2.00 
2.00 
2.00 
1.00 
1.00 
1.80 
2.10 
2.10 
2.00 
1.90 
1.80 
1.90 

Feb. 

_ 

2.00 
1.90 
1.90 
1.90 
1.80 
1.8U 
1.70 
1.60 
1.J6 
1.70 
2.45 
1.80 
1.73 
1.76 
1.83 
1.75 
2.00 
LS) 
1.78 
1.88 
1.88 
1.90 
1.80 
1.80 
1.80 
1.85 
1.80 
1.85 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

1.86 
1.85 
1.86 
1.85 
1.86 
1.86 
1.86 
1.85 
1.86 
1.35 
1.85 
1.35 
1.35 
1.35 
1.35 
1.35 
1.36 
1.35 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

Oct. 

1 
Nov. 

1 

Dec. 

1 

1.85 
1.90 
1.95 
1.95 
2.05 
2.05 
2.05 
2.23 
2.23 
2.35 
2.48 

2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
2.83 
2.85 
2.90 
2.90 
2  flO 

3.36 
3.40 
3.40 
3.45 
3.45 
3.50 
3.60 
3.50 
3.60 
3.50 
3.55 
3.70 
3.70 
8.75 
8.70 
3.60 
3.60 
3.55 
8.55 
8.60 
8.43 
3.35 
3.35 
3.35 
3.38 
3.45 
3.50 
3.45 
3.45 
3.40 
3.40 

3.40 
8.40 
3.45 
8.45 
3.40 
3.40 
3.85 
8.35 
3.80 
8.20 
3.10 
3.00 
2.90 
2.80 
2.75 
2.75 
2.60 
2.55 
2.60 
2.50 
2.43 
2.40 
2.35 
2.30 
2.25 
2.15 
2.00 
2.00 
2.00 
1.96 

1.96 
1.90 
1.90 
1.85 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.70 
1.70 
1.60 
1.00 
1.55 
1.50 
1.60 

1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.48 
1.46 
1.45 
1.45 
1.45 
1.45 
1.40 
1.40 
1.35 
1.35 
1.35 

i.as 

1.35 
1.86 
1.85 
1.35 
1.85 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 

i.ao 

1.60 
1.60 

i.an 

1.60 

1:S 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.76 
1.76 
1.75 

1.75 

1.75 

1.75 

1.76 

1.75 

1.75 

1.75 

1.75 

1.76 

1.75 

1.75 

1.75 

1.75 

1.75 

L75 

1.75 

1.75 

1.75  , 

1.75  \ 

1.75  1 

1.80 

1.85  , 

1.80  ' 

1.90  1 

1.00  j 

1  90 

1.80 

1.80  ' 

1.80  1 

1.80 



1.80 

2 

1.80 

3 

1.80 

4 

1.80 

5 

1.80 

6 

1.80 

7 

1.80 

8 

1.80 

9 

1.80 

10 

1.80 

11 

1.80 

12 

2.58     2.90 
2.60     2.90 
2.75     2.00 
2.83     2.85 
2.05     2.85 
3.08  1  2.78 
3.28     2.70 
3.a5     2.70 
3.50    2.70 
3.65     2.80 
3.35     2.95 
3.20  ,  2.90 
3.05  !  2.90 
2.05  1  2.90 
3.00  1  3.00 
3.00     3.13 
2.95  ,  3.28 
2.85  '  3.30 
2.80  1  3.30 
2.75  1 

1.80 

13 

1.80 

U 

1.75 

15 

1.75 

16 

1.75 

17 

1.75 

18 

1.75 

19 

1.75 

20 

1.75 

21 

l.HO 

22 

1.M5 

23 

1.55 

24 

1.55 

25 

1.55 

26 

1.55 

27 

1.55 

28 

1.36 

30 

31 

l.ffi 
1.55 
1.55 

CUB  RIVER  AT  FRANKLIN,  IDAHO. 

Cub  River  rises  in  the  southern  part  of  Idaho,  and  flowing  in  a 
southwesterly  direction  into  Utah  discharges  its  waters  into  Boar 
River.  Six  canals  are  supplied  from  this  stream,  the  total  area  irri- 
gated being  about  7,000  acres,  part  of  which  is  in  Idaho  and  part  in 
Utah.  During  the  irrigation  season  the  supply  of  water  in  the  river 
is  considerably  below  the  needs  of  the  lands,  but  in  the  early  spring 
the  discharge  exceeds  500  second-feet,  and  already  some  consideration 
has  been  given  to  the  storage  of  this  surplus  by  the  construction  of  a 
reservoir  at  a  very  favorable  site  near  the  headwaters  of  the  river. 
The  gaging  station,  established  July  23,  1900,  is  a  short  distance 
above  the  head  gates  of  the  Lewiston  canal.  Daily  readings  are 
made  on  a  vertical  gage  graduated  to  feet  and  tenths.  The  bench 
mark  is  a  cross  cut  in  the  top  of  a  cedar  stump  95  feet  west  of  the 
gage,  and  is  6.95  feet  above  the  gage  datum.  During  1900  the  follow- 
ing measurements  of  discharge  were  made  by  George  L.  Swendsen : 

May  29:  Gage  height, feet;  discharge,  462  second-feet. 

Jaly  23:  Gage  height,  2.20  feet;  discharge,  74  second-feet. 
Angnst  80:  Gage  height,  1.80  feet;  discharge,  67  second-feet. 
September  22:  Gage  height,  1.65  feet;  discharge,  55  second-feet. 
October  27:  Gage  height,  1.82  feet;  discharge,  61  second-feet. 
November  19:  Gage  height,  1.41  feet;  discharge,  48  second-feet. 
December  24:  Gage  height,  1.50  feet;  discharge,  46  second-feet. 
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Daily  gage  height,  in  feet,  of  Cub  River  at  Franklin,  Idaho,  for  1900, 


Day. 

July.  Aag. 

Sept. 

Oct. 

Nov. 

1.7 
1.7 
1.7 
1.6 
1.6 
1.7 
1.7 
1.7 
1.8 
1.8 
1.5 
1.8 
1.4 
1.4 
1.3 
1.3 

Dec. 

Day. 

July. 

Aug. 

Sept. 

1.9 
1.8 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.9 

Oct. 

1 

1.8 
1.8 
1.8 
1.7 
1.6 
l.G 
1.7 
1.6 
1.6 
1.6 
1.8 
1.8 
1.7 
1.7 
1.7 

Nov. 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.2 
1.3 
1.4 
1.4 
1.4 
1.3 
1.2 
1.2 

Dec. 

1 

2.2 
2.2 
2.1 
2.1 
2.1 
2.1 

.2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 
1.8 
1.7 
1.7 
1.8 
1.8 
1.7 
1.6 
1.8 

1.2 
1.4 
1.4 
1.6 
1.6 
1.5 
1.5 
1.7 
1.8 
1.7 
1.6 
1.5 
1.4 
1.4 
1.3 
1.3 

17 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
l.H 
1.8 
1.8 
1.8 
1.8 
1.8 

1.2 

2 

18 

1.2 

3 

19 

1.2 

4 

20.  

21 

1.2 

5 

1.2 

6 

1  22 

1.2 

7 

23 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

1.4 

8 

9 

24 

25 

1.5 
1.5 

10 

28 

1.4 

11 

,27 

'  28 

1.8 

12 

1.2 

13 

29 

1.2 

14 

30 

1.3 

15 

,  31 

1.4 

10 

1  "* --...- 

1 

LOGAN  RIVER  NEAR  LOGAN,    UTAH. 

This  station,  established  June  1,  1896,  is  in  the  river  canyon  about 
2  miles  east  of  Logan.  It  is  described  in  Water-Supply  Paper  No.  38, 
page  334.  During  the  low- water  season  the  entire  supplj'  of  the  river 
is  used  for  irrigation.  Within  the  last  two  5'ears  it  lias  become  very 
prominent  as  a  source  of  water  power,  and  there  is  in  course  of  con- 
struction a  very  large  plant  intended  to  utilize  the  low- water  supply. 
Results  of  measurements  will  be  found  as  follows:  For  18^*6,  Eight- 
eenth Annual  Report,  Part  IV,  page  316;  for  1898,  Nineteenth  Annual 
Report,  Part  IV,  page  434;  for  1898,  Twentieth  Annual  Report,  Part 
IV>  pag®  ^^2;  for  1899,  Twenty-first  Annual  Report,  Part  IV,  page 
397.  During  1900  tlie  following  discharge  measurements  were  made 
by  George  L.  Swendsen: 

Discharge  measurements  of  Logan  River  near  Logan,  Utah, 


Date. 


1900 

Jannory  8 

February  16 

March  19 

March  28 

April  16 

April  26 

liaylO 


Gage 
hei^t. 

Feet. 
2.71 

Dla- 
charve. 

Sec-ft 

2.55 

243 

2.66 

222 

2.80 

262 

2.81 

241 

8.10 

371 

3.88 

782 

3.88 

758 

Date.    • 


1900. 

May  31 

June  30 

July  28 

Auf^8t25 

September  21... 

October  26 

November  15.... 
December  27  ... 


Gaffe        Difl 
height,   charge. 


Feet. 
4.(N) 

3.:b 

2.8:} 


2. 
2. 


70 
65 


2.05 
2.65 
2.56 


Sec. 


h49 

449 
279 
168 
180 
173 
162 
162 
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Daily  gage  height,  in  feet,  of  Logan  River  near  Logan,  Utah,  for  1900, 


Day. 

Jan. 

Feb. 
2.60 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

1 

2.65 
2.65 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.&5 
2.65 
2.65 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 
2.66 
2.65 
2.66 
2.A5 

2.60 

2.80 
2.85 
2.90 
2.85 
2.80 
2.85 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.85 
2.90 
2.95 
3.00 
3.05 
3.05 
3.00 
8.05 
3.10 
3.15 
3.20 
3.25 
3.80 

3.80 
3.80 
8.36 
3.40 
8.56 
3.65 
3.70 
3.75 
3.80 
8.90 
4.00 
4.00 
3.80 
3.70 
3.66 
3.66 
3.65 
3.65 
3.70 
3.70 
3.75 
3.80 
3.85 
3.90 
3.05 
4.05 
4.15 
4.20 
4.15 
4.10 
4.05 

9  out. 

4.05 
4.00 
4.10 
4.05 
4.00 
4.00 
4.00 
3.95 
4.10 
8.95 
3.90 
3.86 
3.80 
3.80 
3.75 
8.70 
3.65 
3.60 
3.60 
3.55 
3.55 
3.55 
3.50 
8.50 
3.45 
8.45 
3.40 
3.40 
3.35 
3.30 



8.30 
3.25 
8.26 
3.20 
8.20 
3.15 
3.15 
3. 15 
3.15 
3. 15 
3.10 
3.10 
3.10 
3.10 
3.05 
3.00 
3.00 
2.96 
2.96 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 
2.86 
2.85 
2.85 
2.85 

2.85 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.75 

2.76 

2.76 

2.75 

2.76 

2.75 

2.75 

2.75 

2.75 

2.76 

2.76 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75' 

2.75 

2.70 

2.70 

2.70 
2.70 
2.70 
2.  TO 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.66 
2.65 
2.66 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 

2.66     2.65 

2.65  2.65 

2.66  2.66 
2.66     2.66 
2.66    2.65 
2.66     2.65 
2.66     2.65  1 
2.66     2.65 

2.65  2.65  1 

2.66  '  2.66  I 
2.66  1  2.66 
2.66     2.66 
2.66     2.65  ' 
2.65     2.60 

2.65  2.60 

2.66  2.60  1 
2.66     2.60 
2.65  1  2.60 
2.65  ,  2.60  1 
2.70  '  2.60  ' 
2.65  1  2.70  1 
2.65  i  2.65 

2.65  '  2.65 

2.66  1  2.60 
2.65  1  2.60 
2.65  '  2.60 
2.65  1  2.60 
2.65     2.60 
2.65    2.60 
2.65    2.60 
2.65   

2.00 

2 

2.65 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2.55 
2.60 
2.60 
2.60 
2.55 

(a) 
(a) 
2.60 
2.60 
2.60 
2.60 
2.55 
2.56 
2.60 
2.60 
2.60 
2.55 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.65 
2.65 
2.66 
2.70 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 
2.75 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.75 
2.76 

2.6U 

8 

2.60 

4 

2.60 

6 

2.60 

6 

2.60 

7 

2.60 

8 

2.60 

9 

2.60 

10 

2.00 

11 

2.60 

12 

2.60 

13 

2.00 

14 

2.00 

16 

2.00 

16 

2.00 

17 

2.00 

2.60 

IV 

2.00 

80 

21 

2.00 
2.0U 

22 

2.00 

28 

2.00 

24 

2.00 

25 

2.60 

28 

27 

2.00 
2.50 

28 

2.40 

29 

2.55 

30 

81 

2.60 
2.00 

BLACKSMITH  FORK  AT  HYRUM,  UTAH. 

This  river  is  formed  by  the  junction  of  several  streams  rising  in  the 
high  mountains  forming  the  southeastern  boundary  of  Cache  Valley. 
For  the  first  25  miles  its  course  is  in  a  northwesterly  direction,  through 
a  precipitous  canyon  affording  excellent  water-power  facilities.  On 
leaving  the  canyon  the  stream  enters  Cache  Valley,  and  finally  joins 
Logan  River  a  few  miles  above  the  junction  of  that  river  with  Bear 
River.  Six  irrigation  canals  and  one  large  power  canal  are  supplied 
by  this  river,  and  during  the  irrigation  season  the  entire  supply  is 
utilized.  The  present  gaging  station  was  established  July  19,  1900, 
by  George  L.  Swendsen.  It  is  near  the  tollgate  at  the  mouth  of  the 
canyon.  Daily  readings  are  made  on  a  vertical  gage.  The  bench 
mark,  a  line  of  red  paint  on  the  top  of  a  short  cedar  post  near  the 
north  post  of  the  tollgate,  is  8.29  feet  above  gage  datum.  During  1900 
the  following  discharge  measurements  were  made  by  Mr.  Swendsen: 

Discharge  measurements  of  Blacksmith  Fork  at  Hyrum,  Utah, 


Date. 


1900. 

June  28 

July  19 

AnffUBt  20 

September  23 


Uase 
height. 


Feet. 


3.20 
8.10 
3.12 


Dia- 
charge. 


Secft. 
240 
147 
122 
120 


Date. 


1900. 

October  19 

November  16 

December  27 


Oage 
hei^t 


Feet, 
8.10 
8.05 
2.90 


Dis- 
charge. 


Sec-ft. 
L96 


115 
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Daily  gaffe  height,  in 

Jeei, 

of  Blacksmith  Fork  at  Hyrum,  Utah,  for 

•  1900 

a 

Day. 

July. 

Aug. 

Sept.  Oct 

1 

Nov. 

Dec' 

1 

3.06  1 

3.05  > 

3.06  I 
3.05 
3.05 
3.05 
3.05 
3.05  1 
3.05  1 
3.05 
3.05 
3.00 
3.00 
3.00 
3.00 
3.00 

1 

Day. 

July. 

1 
Aut;.  Sept. 

1 

Oct. 
3.10 

Nov. 

Dec. 

1 

3.20 
3.20 
3.20 
3.20 
3.20 

3.10     3.10 

3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.05 

17 

■  3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
8.10 
3.10 
8. 10 
3.10 
3.10 
8.10 

3.10 

3.05 
3.05 
3.10 
3.1U 
3.10 
3.10 
3. 10 
3.10 
3.05 
3.05 
3.05 
3.05 
3.05 
3.05 

3.00 

2 

3.10 
3.10 
3.20 

3.  an 

3.10 
3.10 
3.10 
3.10 
3.10 

18 

3. 10  1  3. 10 
3. 10     3. 10 

8.00 

3 

19 

20 

3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

3.00 

4 

3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 
3.10 

3.10 
3.20 
3.20 
3.20 
3.50 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 

3.00 

6 

21 

8.00 

6 

a20  -  3.50 

22 

3.00 

7 

3.20    3.60     3.10 
3.20  .  3.60     3.10 

*S 

3.CJ0 

8 

2i 

25 

3.00 

0 

3.10 
3.10 

3.10 
3.10 

3.10     3.05 
3. 10  f  3. 06 

8.00 

10 

26 

8.00 

11 

3. 15     3. 10 
3. 15     3. 10 

3.10 
3.10 
3.10 
3.10 
3.10 
3.1  J 

3.05 
3.(15 
3.05 
3.05 
3.05 
3.05 

27 

2.90 

12 

28 

2.90 

13 

3.15 
3.15 
3.10 
3.10 

3.10 
3.10 
3.  JO 
3.10 

28 

2.90 

U 

30 

31 

2.90 

Ih 

2.80 

16 

LITTLE  BEAR  RIVER,   UTAH. 

This  stream  has  its  source  on  the  northern  slopes  of  the  mountains 
fonning  the  southern  boundaiy  of  Cache  County,  Utah.  It  flows  in 
a  northerly  direction  and  enters  Bear  River  a  few  miles  below  the 
mouth  of  Blacksmith  Fork.  On  June  27,  1900,  the  east  branch  of 
Little  Bear  River  w^as  measured  by  George  L.  Swendsen,  above  all 
canal  diversions,  and  a  discharge  of  37  second-feet  was  found.  The 
south  branch  of  the  river  was  also  measured  on  the  same  day,  above 
all  canal  diversions,  and  a  discharge  of  40  second-feet  was  found. 

BEAR  RIVER  NEAR  COLLINSTON,  UTAH. 

This  station,  established  July  1,  1889,  is  about  4  miles  above  the 
railroad  station  at  Collinston,  2  miles  east  of  the  town  of  Fielding, 
Utah,  and  below  the  headworks  of  the  Bear  River  canal.  It  is 
described  in  Water-Supply  Paper  No.  38,  page  335.  The  record  during 
the  summer  of  1900  shows  the  lowest  discharge  since  the  establish- 
ment of  the  station.  A  large  canal  is  in  process  of  construction, 
which  will  divert  water  a  considerable  distance  above  the  Battlecreek 
station,  to  irrigate  a  large  tract  of  land  on  the  west  side  of-  Cache  Val- 
ley. Its  operation  will  greatly  modify  the  discharge  at  the  Collinston 
station  during  th^  next  season.  Results  of  measurements  will  be 
found  as  follows:  For  180G,  Eighteenth  Annual  Report,  Part  IV,  page 
320;  for  1897,  Nineteenth  Annual  Report,  Part  IV,  page  435;  for  1898, 
Twentieth  Annual  Report,  Part  IV,  page  460;  for  1899,  Twenty-first 
Annual  Report,  Part  IV,  page  395.  The  following  discharge  measure- 
ments were  made  during  1900: 

Discharge  measurements  of  Bear  River  near  Collinston,  Utah, 


Date. 


1900. 
February  17 ..... 

March  5 

March  81 

April  80 

May  80 

June  20 


Qage 

leiffnt. 


Feet. 
1.90 
2.50 
2.90 
3.91 
4.00 
1.72 


Dis- 
charge. 


Sec 


c.-ft. 
1,667 


2,228 
8,671 
3,775 
1,158 


Date. 


1900. 

Jnly28    

Anern8t28 , 

September  24  ,. 

October  29 

November  12... 
December  26 ... 


Oase 
leiffht. 


heig. 


Feet 
0.80 
.89 
1.25 
1.29 
1.85 
1.40 


Dis- 
charge. 


SeC'ft 
627 
643 
831 
819 
1,336 
862 
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Daily  gage  height,  in  feet,  of  Bear  River  near  Collinston,  Utah,  for  2900, 


Day. 

Jan. 

• 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

1 

2.10 
2.20 

2.00 

1.90 

1.90 

1.90 

2.80 

2.20 

2.  HO 

2.80 

2.20 

2.20 

2.80 

2.40 

2.70 

2.80 

2.80 

2.70 

2.60 

2.(10 

2.60 

2.40 

2.20 

2.80. 

2.80' 

2.20 

2.20 

2.00 

2.00 

2.10 

2.10 

2.20 
2.20 
2.10 
2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
1.90 
2.00 
2.10 
2.10 
2.00 
1.90 
1.90 
1.80 
1.90 
2.10 
2.80 
2.20 
2.20 
2.20 
2.10 
2.20 
2.80 
2.40 

2.20 

2.20 
2.80 
2.80 
2.50 
2.60 
2.50 
2.60 
2.60 
2.00 
2.60 
2.70 
2.80 
2.90 
2.90 
3.00 
3.10 

2.80 
2.70 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
8.00 
8.10 
3.10 
3.00 
3.10 
3.00 
3.00 
3.00 
2  90 

4.00 
4.00 
3.90 
3.90 
3.90 
4.00 
4.10 
4.10 
4.10 
4.20 
4.20 
4.30 
4.50 
4.60 
4.60 
4.60 
4.40 
4.3(» 
4.20 
4.00 

3.90 
3.80 
3.80 
3.70 
3.60 
3.40 
3.30 
3.30 
3.30 
3.20 
3.30 
3.30 
3.10 
2.90 
2.90 
2.90 
2.80 
2.60 
2.40 
2  30 

1.60 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.20 

1.20 

1.00 

.80 

.98 

.90 

.90 

.80 

.80 

.70 

.70 

.80 

.60 

.60 

.50 

.50 

.60 

.70 

.80 

1.00 

.90 

.90 

.90 

.90 

0.90 
.90 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
1.00 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
1.10 
1.10 
1.00 
.90 
.90 
.90 

0.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.90 

1.00 

1.15 

1.25 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

1.40 
1.45 
1.50 
1.50 
1.60 
1.65 
1.60 
1.55 
1.65 
1.55 
1.60 
1.60 
1.60 
1.60 
1.65 
1.66 
1.65 
1  ftfi 

1.95 
1.90 
1.90 
1.90 
1.85 
1.90 
1.85 
1.65 
1.65 
1.85 
L86 
1.85 
1.85 
1.86 
1.85 
1.&5 
1.86 
L95 
2.00 
2.00 
2.00 
2.60 
2.40 
2.25 
2.15 
2.10 
2.00 
2.05 
2.00 
1.95 

1.90 

2 

1.90 

8 

2-00 

4 

1.96 

6 

1.95 

6 

7 

1.95 
1.95 

8 

1.96 

9 

1.96 

10 

2.00 

11 

2.00 

12 

IB 

14 

2.00 
1.90 
1.90 

16 

1.90 

16 

L85 

17 

1.85 

IB 

3.20    2.90 
3.90    2.80 
3.40     2.80 
3.60    2.80 
3.6()     .TOO 

L85 

1.05     1.85 

LS3 

20 

1.10 

1.66 

1.85 

21 

22 

3.90     2.30 
3.90    2.20 
3. 80  '  2.  GO 

1.15 
1.15 
1.20 
1.25 
1.30 
1.40 
1.55 
1.50 
1.90 
1.40 

1.95 
1.75 
1.90 
1.90 
1.85 
1.85 
1.95 
1.96 
1.90 
1.95 
1.95 

1.90 
1.90 

3.40 
3.30 
3.10 

3.10 
3.10 
3.10 

1.90 

24 

3.80 

2.00 

1.85 

3.80 
3.80 
3.90 
4.00 
4.00 
4.00 
4.00 

1.90 
1.00 
1.80 
1.80 
1.70 
1.70 

1.85 

26 

3.10 

3.2U 

1.80 

27 

3.10  1  3.40 
3.00     3.70 

1.70 

28 

1.60 

29 

80 

81 

3.10 
3.00 
2.90 

3.90 
3.00 

1.50 
1.40 
L35 

WEBER  RIVER  NEAR  UINTA,  UTAH. 

This  station,  established  in  October,  1899,  is  in  the  canyon  5  miles 
east  of  Uinta,  on  the  Union  Pacific  Railroad,  immediately  above  the 
narrows  known  as  Devils  Gate.  It  is  described  in  Water-Supply 
Paper  No.  38,  page  337.  There  are  a  number  of  good  reservoir  sites 
on  the  upper  tributaries  of  the  river,  and  within  the  last  few  years 
some  of  them  have  been  utilized  by  the  construction  of  notable  stor- 
age works.  Results  of  measurements  will  be  found  as  follows:  For 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  324;  for  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  440;  for  1898,  Twentieth 
Annual  Rei)ort,  Part  IV,  page  466;  for  1899,  Twenty-first  Annaal 
Report,  Part  IV,  page  398.  The  following  measurements  were  made 
during  1900: 

July  16:  Gage  height,  1.15  feet;  discharge,  76  second-feet. 
Angnst  22:  Q&ge  height,  1.05  feet;  discharge,  75  second-feet. 
September  29:  Gage  height,  1.35  feet:  discharge,  172  second-feet. 
October  22:  Gage  height,  1.70  feet;  discharge,  401  second-feet. 
November  12:  Gage  height,  1.73  feet;  discharge,  426  second-feet. 
December  29:  Gage  height,  1.50  feet;  discharge,  856  second-feet. . 
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Daily  gage  height,  in  feet,  of  Wd>er  River  near  Uinta,  Utah,  for  1900, 


Day. 

Joly. 

Aoff. 

Sept. 

Oct. 

Not. 

Dec. 

Day. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

1.40 
1.20 
1.15 
1.10 
1.15 
1.20 
1.20 
1.21) 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1. 10 
1.20 
1.20 
1.20 
120 
1.20 
1.20 
1.20 
1.20 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

i.do 

1.30 
1.85 
1.45 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.50 

1.50 

1.50 

1.60  ! 

1.60 

1.50 

1.50 

1.60 

1.50 

1.60 

1.60 

17 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.25 
1.80 
1.40 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
].20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.20 
1.20 
1.26 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.60 
1.60 
1.60 
1.50 
1.60 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
l.TO 

1.70 
1.80 
1.85 
1.90 
2.40 
2.50 
2.50 
2.45 
2.20 
1.75 
1.60 
1.60 
1.60 
1.60 

1.60 

2 

18 

1.50 

3 

19 

1.50 

4 

20 

1.60 

5 

21 

1.50 

6 

28 

1.50 

7 

23 

LliO 

8 

24 

1.60 

9 

25 

1.60 

10 

26 

1.60 

11. 

27 

1.60 

12 

28 

1.60 

18 

29 

1.50 

U 

80 

15 

31 

16 

1.10 

i 
1 

SPANISH  FORK   NEAR  MAPLETON,    UTAH. 

This  station,  established  by  C.  C.  Babb  on  May  23,  1900,  is  in  the 
canyon  of  the  river  3  miles  above  the  Rio  Grande  Western  Railroad 
station  at  Mapleton,  and  a  short  distance  above  the  head  of  the  upper 
canal  diverting  water  from  the  river.  The  gage  rod  consists  of  a 
vertical  post  driven  firmly  into  the  bed  of  the  stream.  The  bench 
mark  is  at  the  top  of  the  fourth  large  post,  4  rods  northwest  of  the  gate 
into  the  field  west  of  the  railroad  track.  The  post  is  blazed  on  the 
north  side  and  marked  in  pencil  *'U.  S.  G.  S.  Gage  B.  M."  The  bench 
mark  is  250  feet  northeast  of  the  gage  rod,  and  its  elevation  above 
the  zero  of  the  gage  is  32.86  feet.  The  channel  is  straight  for  a  short 
distance  above  and  below  the  station.  Both  banks  are  high  and  are 
not  subject  to  overflow.  The  bed  of  the  stream  is  of  gravel  and  is 
not  likely  to  shift  during  high  stages.  Measurements  were  made  by 
wading.  The  observer  is  Levi  Thorpe,  section  foreman.  During 
1900  two  measurements  of  discharge  were  made  by  O.  C.  Babb  and 
W.  P.  Hardesty,  as  follows: 

May  33:  Gage  height,  3.50  feet;  discharge,  188  seoond-feet. 
July  14:  G«ge  height,  1.88  feet;  diacharge,  49  seoond-feet. 
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Daily  gage  height,  in  feet,  of  Spanish  Fork  near  Mapleton,  Utah,  for  1900, 


Day. 

Jnne.     July. 

Ang. 

Sept. 

1 

1 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.96 
1.05 
1.05 
1.96 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
1.05 

Oct 

Nov. 

Dec. 

1 

1.90 
1.90 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1  fiO 

1.90 
1.85 
1.85 
1.85 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

1.96 
1.05 
1.06 
1.96 
1.05 
1.06 
1.96 
1.95 
1.05 
1.96 
1.95 
1.95 
1.96 
1.06 
1.96 
1.90 
1.90 
1.90 
1.90 
1.96 
1.96 
1.95 
1.95 
1.96 
1.95 
1.96 
1.95 
1.96 
1.96 
1.05 
1.96 

2.00 
2.00 
2.00 

1.05 

2 

1.00 

3 

2.35 
2.35 
2.35 
2.25 
2.25 
2.25 
2.25 
2.25 
2.20 
2.60 
2.50 
2.60 
2.50 
2.50 

2.00 

4 

1.05 

5 

1.95 

6 

1.90 

7 

1.05 

8 

1.95 

9 

10 

11 

1.95 
1.95 
1.95 
1.95 
1.96 
2.00 
2.10 
2.06 
2.06 
2.00 
2.06 
2.00 
2.00 
2.00 
2.00 
2.00 
1.06 
1.96 
1.00 
2.00 

12 

18 

U 

15 

16 

17 

2.15        1-90 

18 

2.10 
2.10 
2.10 
2.50 
2.50 
2.50 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.96 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

20 

22 

24 

25 

26 

27 

28 

ao 

81 , 

PROVO  RIVER  NEAR  PROVO,  UTAH. 

This  station,  established  July  27,  1889,  is  in  the  canyon  about  6 
miles  from  Provo,  and  above  the  head  of  most  of  the  irrigation  canals 
of  Utah  Valley.  The  observer  is  Henry  V.  Smith.  The  station  is 
described  in  Water-Supply  Paper  No.  38,  page  338.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  399.  During  1900  the  following  measurements 
were  made  by  C.  C.  Babb  and  W.  P.  Hardesty: 

May  22:  Gage  height,  5.65  feet;  discharge,  834  second-feet. 
July  13:  Gage  height,  4.23  feet;  discharge,  174  second-feet. 
September  5:  Gage  height,  4.16  feet;  discharge,  162  second-feet. 
November  14:  Gage  height,  4.50  feet;  discharge,  257  second-feet. 
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DaUy  gage  height,  in  feet ,  of  Provo  River  near  Provo,  Utah,  for  1900, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

6.2 
5.9 
6.7 
6.5 
5.4 
5.3 
6.2 
5.2 
6.1 
6.1 
4.1 
4.9 
4.9 
4.8 
4.7 
4.6 
4.5 
4.5 
4.4 
4.4 
4.4 
4.4 
4.4 
4.8 
4.8 
4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.3 
4.8 
4.8 
4.8 
4.8 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.8 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.4 
4.4 
4.4 
4.4 
4.4 
4.5 
4.5 
4.6 
4.5 
4.5 
4.5 
4.6 
4.6 

4.6 
4.6 
4.5 
4.5 
4.5 
4.6 
4.5 
4.5 
4.5 
4.6 
4.5 
4.5 
4.5 
4.5 
4.5 
4.8 
4.8 
4.8 
5.0 
56 
5.6 
5.0 
5.2 
5.0 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 

4  8 

2 

4  8 

3 

4  8 

4 

4  7 

5 

*    •    S    »     B    ■• 

4.6 

6 :::::. 

4  6 

7 

4.6 

8 

4.6 

9 

10 

11 

13 

13 

U 

15 

16 

17 

18 

19 

20 

6.5 
6.7 
5.7 
6.0 
6.0 
6.1 
6.6 
6.5 
6.5 
6.4 
6.3 

22 

24 

25 

36 

27 

28 

29 

30 

31 

AMERICAN  FORK  NEAR  AMERICAN  PORK,  UTAH. 

This  station,  established  by  C.  C.  Babb  on  May  21,  1900,  is  6  miles 
northeast  of  the  town  of  American  Fork,  at  the  power  plant  which 
has  been  under  course  of  construction  during  the  last  season.  An 
old  vertical  rod,  driven  solidly  into  the  bed  of  the  river,  was  found 
here,  and  as  it  was  in  good  condition  it  was  used  for  recording  heights. 
The  rod  is  just  above  the  tailrace  of  the  new  power  plant,  and  obser- 
vations were  taken  there  until  December  17,  1900,  when  the  water 
wheels  of  the  power  company  were  started.  After  that  the  gage 
heights  did  not  give  the  true  flow,  necessitating  a  change  of  location. 
About  200  feet  below  the  tailrace  of  the  power  company  is  the  three- 
partition  measuring  weir  for  dividing  the  water  of  the  stream  between 
the  towns  of  Pleasant  Grove,  Lehi,  and  American  Fork.  On  Decem- 
ber 18,  1900,  a  rail  was  driven  in  the  face  of  the  Jw-^eir  structure,  just 
south  of  the  south  opening  and  level  with  the  crest  of  the  weir,  by 
which  heights  are  recorded.  This  is  not  a  sharp-edged  weir,  as  the 
crest  is  4  inches  wide;  but  it  is  considered  that  the  results  will  have 
,'vn  accuracy  within  4  per  cent.  It  is  in  good  condition  and  seems  to 
leak  very  little. 


418 


0PEBATI0N8   AT   BIVEB   STATIONS,  1900. ^PABT   V.        C»o.5L 


The  following  table  gives  the  division  of  the  water  of  the  stream  at 
the  weir,  according  to  court  decrees,  the  data  being  furnished  by  the 
water  master  for  the  Lehi  district: 

Table  showing  division  of  waters  of  American  Fork. 


Season. 


September  20  to  April  15 

Do 

Do 

AprUlfitoJnlyl 

Do 

Do 

Jnlyl  to  September  20. . 

Doiii!iiiiiiiiiiii;i!i 


Town. 


Pleasant  Grove 

Lehl 

American  Fork 

Pleasant  Qrove 

Lehl 

American  Fork 

Pleasant  Orove 
Lehi 

American  Fork 


Width  of 
opening. 


Feet. 
2.5 
5.5 
25.0 


38.0 


10.0 

7.0 

25.0 


42.0 


8.0 
14.0 
20.0 


42.0 


On  December  18  levels  were  taken  on  the  crest  of  the  flashboards, 
and  also  on  nails  (one  for  each  end  of  each  opening)  driven  into  the 
face  6f  the  longitudinal  cap  resting  on  the  posts  of  tlie  openings.  By 
measuring  down  from  these  to  the  crest  of  the  boards  the  elevation 
of  the  crest  with  reference  to  the  gage  point  can  be  found  without 
further  use  of  the  level.  The  reference  nail  for  gaging  is  0.012 
foot  too  high  for  the  present  arrangement  of  the  planks  (division  for 
September  20  to  April  15),  so  that  the  gage  readings  by  the  observer 
are  corrected  by  +0.01  foot.  On  December  27,  28,  and  29  the  river  was 
frozen  above  the  new  gage,  and  observations  were  taken  at  the  old 
stake.  Readings  were  resumed  at  the  new  gage,  however,  on  Decem- 
ber 30,  and  during  1901  they  will  be  taken  at  the  weir  gage. 

During  1900  the  following  measurements  of  discharge  were  made  by 
C.  C.  Babb  and  W.  P.  Hardesty: 

May  21:  Gktge  height,  0.70  foot;  discharge,  138  second-feet. 
July  13:  Gage  height,  0.39  foot;  discharge,  42  second-feet. 
September  5:  Gage  height,  0.25  foot;  discharge,  26  second-feet. 
November  14:  Gk^ge  height,  0.29  foot;  discharge,  24  second-feet. 
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Daily  gage  height ^  in  feet^  of  American  Fork  near  American  Fork,  Utah,  for  1900, 


•Day. 

May. 

Jnne. 

July. 

Aoir. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

0.80 
.86 
.88 
.80 
.76 
.70 
.70 
.78 
.78 
.65 
.60 
.60 
.60 
.60 
.60 
.58 
.56 
.58 
.51 
.63 
.65 
.60 
.45 
.43 
.63 
.60 
.60 
.60 
.60 
.60 

0.60 
.60 
.60 
.60 
.60 
.48 
.46 
.42 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.36 
.83 
.84 
.85 
.85 
.35 
.36 
.35 
.35 
.84 
.84 
.34 

0.81 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.20 
.29 
.20 
.20 
.29 
.28 
.28 
.28 
.24 
.24 
.24 
.24 
.24 
.26 
.25 
.25 
.28 
.28 
.28 
.27 
.26 

0.25 
.26 
.28 
.28 
.27 
.27 
.27 
.27 
.80 
.30 
.30 
.80 
.30 
.30 
.80 
.25 
.24 
.24 
.24 
.27 
.30 
.30 
.30 
.38 
.80 
.80 
.30 
.30 
.30 
.30 

0.30 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.80 
.30 
.80 
.80 
.30 
.30 
.30 
.30 
.35 
.33 
.83 
.33 
.33 
.33 
.33 
.33 
.33 
.83 
.33 
.33 

0.88 
.88 
.88 
.88 
.38 
.88 
.88 
.33 
.38 
.88 
.82 
.32 
.32 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.80 
.30 
.30 
.80 
.82 
.32 
.32 
.82 
.82 
.32 

0.82 

2 

.88 

3        

.38 

4 

.88 

5 

.88 

6 

.88 

m 
<.__.....-.........._.....-..._..... 

.88 

8    

.88 

9 

.88 

10 

.88 

11  

.88 

12 

.88 

13 

.88 

14 

.88 

15  

.88 

16 

.88 

17 

.88 

18 

a. 87 

.87 

30 

.87 

0.73 
.75 
.76 
.85 
.00 
1.08 
1.08 
.08 
.90 
.90 
.80 

.87 

£» 

.86 

23 

.36 

L'4 

.86 

25 

.87 

26 

.86 

ig: 

5.30 

28 

b.28 

5.28 

30 

a. 84 

31 

a. 84 

a  At  new  station  on  weir. 


b  At  old  station  on  stake. 


UTAH  LAKE,  UTAH. 

A  station  for  recording  the  rise  and  fall  of  this  body  of  water  was 
established  November  6,  1896,  by  C.  C.  Babb,  at  Geneva,  Utah.  It 
was  discontinued  October  14,  1899.  A  description  of  it  will  be  found 
in  Water-Supply  Paper  No.  38,  page  341.  The  city  of  Salt  Lake  has 
erected  a  new  station  at  the  outlet  of  the  lake,  plans  and  section  of 
which  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
pages  400  and  401.  Observations  were  first  started  here  on  February 
6,  1900,  under  the  direction  of  the  city  engineer  of  Salt  Lake,  F.  C. 
Kelsey,  by  whom  the  following  record  was  supplied.  To  the  figures 
given  there  should  be  added  4,500  feet  in  order  to  obtain  the  elevation 
of  the  surface  of  the  water  above  sea  level.  The  compromise  level 
of  this  lake,  as  established  by  the  lake  commissioners,  is  at  an  eleva- 
tion of  4,515.80  feet  above  the  sea. 
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Daily  gctge  height^  in  feet,  of  Utah  Lake,  Utah^  near  its  outlet,  for  1900m 


Day. 

Feb. 

Mar. 
15.37 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

•Nov. 

Dec. 

1 

15.38 
15.88 
15.38 

15.11 

13.12 

2 

14.47 

18.82 

» 

3 

13.16 

12.83 

4 

13.14 

5 

15.07 

6 

15.37 

14.38 

13ul9 

7 

15.06 
15.05 
15.02 

13.06 

"i2."76" 

12.80 

8 

13.19 

9 

14.33 
14.82 

13.66 

10 

15.84 
15.84 

12.82 

18.19 

11 

12.76 

12 

15.88 
15.20 

14.97 

14.28 

13.00 

13 

13.21 

14 

14.26 

12.95 

16 

15.15 

12,74 
12.76 
12.79 
12.80 

12.86 
12.86 

13.  S 

16 

15.84 
15.34 
15.84 
15.84 

17 

18.48 
13.46 

"■i2.'88" 

18 

« 

15.13 

14.87 
14.85 

14.14 

13.28 

19 

15.84 
15.84 
15.84 
15.84 

13.30 

20 

15.31 

14.05 
14.03 

"ii'bst 

13.30 

21 

22 

15.84 
15.32 

14.80 

13.85 

12.80 

23 

24.. 

13.40 

26 

15.10 
15.10 

13.28 

"i2."85" 

12.79 

26 

15.87 

27 

■ 

12.76 

28 

15.87 
15.86 
15.36 
15.40 

20 

12.84 

80 

15.36 

14.57 

31 

13.85 

13.22 

12.76 

ia40 

CITY   CREEK  NEAR  CITY   OP  SALT  LAKE,  UTAH. 

This  station  is  maintained  by  the  engineering  department  of  the 
city  of  Salt  Lake,  in  connection  with  the  water  supply  of  that  city, 
under  the  direction  of  Mr.  F.  C.  Kelsey,  city  engineer,  by  whom  the 
following  record  for  1900  was  furnished: 

Daily  mean  discharge,  in  second-feet,  of  City  Creek  near  city  of  Salt  Lake,  Utah, 

for  1900. 

[Drainage  area,  19.15  square  miles.] 


Day. 

Jan. 

Feb. 

8 
7 
7 
7 
7 
8 
8 
8 
8 
8 
7 
7 
8 
8 
8 
8 

8 
8 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept.  Oct 

Nov, 

Dec. 

1 

8 
8 
8 
10 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0 

10 

11 

11 

11 

10 

10 

10 

11 

...... 

9 
0 

9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
12 
13 
12 
12 
12 
13 
13 
13 
14 
14 

11 

14 
15 
15 
15 
17 
19 
19 
21 
23 
25 
27 
31 
31 
31 
29 
27 
26 
25 
25 
24 
24 
26 
25 
25 
26 
26 
27 
27 
27 
26 
25 

24 

24 
33 
23 
20 
21 
20 
19 
19 
18 
18 
17 
16 
16 
16 
16 
15 
16 
14 
14 
14 
13 
13 
13 
13 
13 
12 
12 
12 
12 
11 

12 

11 

12 

12 

11 

11 

11 

11 

11 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 

9 

9 

10 

10 

9 

0 

9 

9 

8 

8 

8 

8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
7 
7 
7 
7 
7 
7 
7 

7         6 
7         6 
7         6 
7          6 

7          7 

•• 
1 

7 

6 

7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

1 

6 

2 

6 

3 

6 

4 

6 

6 

6 

6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 

7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 

7 

6 

8 

6 

9 

6 

10 

6 

11 

6 

12 

6 

13  

6 

14 

6 

15 

A 

16 

6 

17 

6 

18 

ft 

19 

30 

6 
6 

21 

6 

22 

6 

23 

5 

24 

5 

26 

5 

36 

5 

27 

5 

28 

5 

29 

6 

80 

5 

31 

Mean ■-- 

8 

7 

9 

10 

10 

7 

6 

6 

6 

e 

UTAH. 
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PARLEYS  CREBK  NEAR  CITY  OF  SALT  LAKE,  UTAH. 

This  station  was  established  by  the  engineering  department  of  the 
city  of  Salt  Lake  in  connection  with  the  water  supply  of  that  city.  It 
is  in  the  canyon  of  the  stream.  Measurements  are  made  over  a  double 
Cippoletti  weir,  which  is  so  controlled  that  the  entire  weir  can  be 
lifted,  allowing  the  gravel  and  deposit  from  above  to  be  washed  out 
from  time  to  time.  The  following  record  for  1900  was  furnished  by 
Mr.  F.  C.  Kelsey,  city  engineer  of  Salt  Lake : 

Daily  mean  discharge,  in  second'feet^  of  Parleys  Creek  near  city  of  Salt  Lake,  Utah, 

for  1900. 

[Drainage  area,  60.14  aquare  miles.] 


Day. 

Jan. 

Feb. 

Mar. 

11 
12 
13 
18 
13 
13 
18 
13 
13 
14 
16 
17 
19 
19 
18 
19 
19 
18 
19 
19 
18 
18 
19 
19 
19 
20 
20 
16 
16 
16 
16 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

12 
18 
18 
16 
14 
13 
13 
12 
12 
11 
11 
18 
16 
18 
14 
18 
12 
12 
12 
11 
11 
11 
12 
11 
8 
9 
11 
10 
11 
11 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
9 
11 
11 
11 
11 
0 
9 
9 
12 
11 
11 
11 
11 
10 
11 
11 
12 
12 
12 

'"{9 
21 
28 
23 
21 
20 
20 
21 
20 
19 
18 
16 
16 
16 
18 
21 
28 
21 
20 
18 
21 
23 
25 
81 
31 

80 
20 
29 
31 
30 
38 

28 
29 
27 

24 
21 
20 
20 
20 
18 
17 
18 
20 
18 
17 
17 
16 
16 
16 
15 
15 
15 

14 

12 

12 

18 

13 

11 

11 

11 

11 

10 

11 

10 

9 

9 

9 

8 

8 

9 

9 

8 

8 

9 

9 

8 

• 

7 
6 
6 
6 

6 
7 

10 
10 

10 
8 
8 
8 
9 
8 
8 
8 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
7 
7 
7 
6 
7 

6 
6 
4 
5 
5 
6 
6 
6 

10 
9 
9 
9 
9 
9 
8 

8 

8 

8 

7 

8 

10 

8 

8 

9 

9 

9 

9 

9 

8 

8 

8 

8 

8 

8 

12 

10 

9 

9 

11 

10 

10 

9 

9 

11 

10 

8 

8 

6 

6 

6 

5 

7 

6 

9 

8 

10 

12 

12 

10 

10 

'g 
1 

8 

9 

2 

0 

3 

4 

9 
9 

5  

Q 

6 

g 

7 

9 

8  

9 

9 

7 

10 

8 

11  

9 

12  

8 

13 

7 

14 

6 

15 

8 

16 

7 

17 

8 

18 

8 

19 

27  t   16 
27,   16 
27  •   15 
26  ;   13 

R 

an 

8 

a.. 

6 

22 

8 

23 

25 
24 
23 
23 

13 
13 
12 
13 

6 

24.. 

7 

25 

20 

0 
8 

27 

28  

22 
25 

13 
11 

8 
8 

29  

29  .   10 

8 

30 

31... 

27 
25 

11 

4 
8 

Mean 

12 

10 

16 

22 

20 

16 

9 

7 

7 

9 

8 

7 

IRR  51—01- 
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MILL  CBEEK  NBAB  CITT  OF  SALT  LAKE,  UTAH. 

•  This  station  was  established  September  8,  1898,  by  the  engineering 
department  of  the  city  of  Salt  Lake,  in  connection  with  the  water  sup- 
ply of  that  city.  Measurements  are  made  over  a  Cippoletti  weir  in 
the  canyon.  The  following  record  for  1900  was  furnished  by  Mr.  F.  C. 
Kelsey,  city  engineer: 

Daily  mean  discharge,  in  second-feet,  of  MUX  Creek  near  city  of  Salt  Lake^  Utah^ 

for  1900. 

[Drainage  area,  21Ji9  square  miles.] 


Day. 

Jan. 

Feb. 

10 
10 
10 
10 
10 
8 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
9 
9 
9 
9 
11 
11 
11 
11 
11 
11 

10 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

18 

18 

18 

10 

12 

18 

18 

18 

18 

13 

13 

13 

18 

13 

18 

18' 

18 

18 

18 

12 

11 

18 

18 

18 

8 

9 
10 
10 
10 
10 
10 

11 
11 
11 
10 
11 
11 
11 
11 
18 
18 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
18 
12 
12 
12 
11 
11 

12 
12 
12 
12 
12 
12 
13 
18 
13 
18 
12 
12 
18 
12 
12 
12 
12 
12 
12 
12 
14 
14 
18 
18 
18 
14 
14 
14 
14 
14 

14 
14 
16 
16 
16 
17 
19 
19 
19 
21 
21 
23 
23 
21 
20 
22 
22 
21 
20 
20 
22 
26 
28 
81 
28 
80 
30 
26 
26 
23 
28 

23 
21 
21 
20 
20 
18 
18 
17 
18 
18 
17 
17 
16 
16 
16 
16 
14 
14 
14 
14 
14 
18 
18 
14 
14 
14 
13 
13 
13 
18 

•  U 

14 

14 

18 

13 

13 

10 

10 

9 

9 

9 

10 

""io" 

10 
10 
10 
10 
10 
10 
10 
11 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 

9 

9 

9 

9 

9 

10 

10 

10 

9 

9 

9 

9 

9 

9 

9 

9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
...... 

8 
8 
9 
9 
9 
9 
9 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
8 
8 
9 
9 
8 
8 
8 
8 
8 
9 

9 
9 
9 
9 
9 

I 

8 

8 

8 

8- 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

8 

8 

8 

8 

8 
10 
10 
10 

8 

8 

2 

8 

8 

8 

4 

8 

6 

8 

6 

8 

7 

8 

8 

8 

9 

8 

10 

8 

11 

8 

12 

8 

18 

8 

U 

8 

16 

8 

16 

8 

17 

8 

18 

8 

19 

8 

20 

8 

21 

8 

22 

6 

28 

6 

24 

6 

26 

6 

26 

6 

27 

5 

28 

8 

20 

3 

80 

3 

81 

1 

Mean 

12 

12 

18 

22 

16 

11 

10 

8 

8 

9 

7 

BIG  COTTONWOOD  CREEK  NEAR  CITY  OF  SALT  LAKE,  UTAH. 

This  station  was  established  October  30,  1898,  by  the  city  engineer 
of  the  city  of  Salt  Lake,  in  connection  with  the  water  supply  of  that 
city.     Measurements  are  made  over  a  rectangular  weir  16  feet  long. 


UTAH. 
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The  following  record  for  1900  was  furnished  by  Mr.  F.  C.  Kelsey,  city 
engineer: 

DaUy  mean  discharge,  in  secondrfeet,  of  Big  Cottonwood  Creek  near  city  of  Salt 

Lake,  Utah,  for  1900, 

[Drainage  area,  48.47  square  miles.] 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

282 
277 
276 
255 
240 
237 
233 
250 
218 
190 
175 
168 
171 
165 
154 
156 
152 
145 
140 
186 
134 
133 
180 
118 
104 
107 
97 
96 
04 
80 

84 
75 
75 
78 
71 
71 
66 
66 
63 
64 
62 
60 
60 
60 
56 
56 
58 
56 
54 
55 
55 
56 
60 
52 

» 

89 
42 

}« 
88 

89 
83 
36 
87 
37 
36 
34 
85 
85 
83 
86 
38 
86 
30 
87 
34 
82 
31 
38 
32 
29 
31 
33 
36 
88 
86 
36 
32 
28 
29 
80 

26 
26 
26 
ifl 
28 
24 
27 
26 
25 
26 
24 
26 
23 
28 
24 
26 
23 
26 
25 
26 
24 
23 
23 
27 
27 
28 
27 
28 
26 
26 

25 

26 
25 
26 
27 
27 
28 
26 
26 
26 
27 
26 
26 
26 
26 
26 
26 
26 
26 
80 
29 
29 
80 
30 
31 
27 
31 
27 
29 
80 
29 
28 

31 
82 
33 
80 
28 
31 
27 
27 
27 
27 
29 
2R 
27 
28 
29 
26 
30 
30 
80 
29 
80 
30 
31 
32 
28 
31 
28 
29 
29 
27 

28 

2 

28 

3 

28 

4 

28 

5 

29 

6 

29 

7 

27 

8 

26 

9 

27 

10 

27 

U 

28 

12 

26 

13 

27 

14 

128 
127 
146 
163 
170 
169 
162 
180 
218 
289 
264 
273 
288 
298 
301 
280 
266 
278 

25 

16 

25 

16 

26 

17 

26 

18 

25 

19 

26 

20 

25 

21 

25 

22 

24 

23 

23 

24 

23 

25 

22 

J3S 

24 

27 

28 

28 

29 

18 
23 

30 

25 

31 

14 

Mean 

219 

170 

59 

34 

27 

29 

25 

SALINA   CREEK  NEAR  SALINA,    UTAH. 

This  stream  drains  a  portion  of  th-e  eastern  part  of  Sevier  County. 
It  flows  westerly  and  enters  Sevier  River  near  the  town  of  Salina, 
Utah.  A  considerable  portion  of  its  waters  is  used  for  irrigation. 
The  station,  established  by  Caleb  Tanner  on  July  2,  1900,  is  in 
the  canyon  of  the  creek,  about  5  miles  southeast  of  Salina.  The 
gage  consists  of  a  vertical  post  driven  into  the  bed  of  the  creek  and 
firmly  braced  on  the  downstream  side.  The  bench  mark  is  the  top  of 
a  rock,  set  12  inches  in  the  ground,  80  feet  northeast  of  the  gage.  Its 
elevation  is  8.80  feet  above  gage  datum.  The  bed  of  the  stream  is 
rongli,  containing  bowlders,  but  it  is  fairly  permanent.  During  1900 
the  following  measurements  of  discharge  were  made  by  Caleb  Tanner: 

July  2:  Gage  height,  1.05  feet;  discharge,  11  second-feet. 
July  23:  Gage  height,  1.08  feet;  discharge,  12  second-feet. 
September  8:  Gage  height,  1.02  feet;  discharge,  8  second-feet. 
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OPBBATIONS   AT   RIVEB   STATIONS,  1900. PART   V.        [no.  61. 


Daily  gcige  height^  in  feet  y  of  Sevier  River  near  Ounniaon,  Utah,  for  1900. 


Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Day. 

July. 

0.78 
1.10 
.83 
.78 
.80 
.80 
.80 
.80 
.66 
.TO 
.70 
.66 
.65 
.65 
.63 

Aug. 

0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.63 
.63 
.63 

Sept. 

0.68 
.68 
.63 
.63 
.63 
.63 
.63 
.70 
.76 
.76 
.76 
.80 
.80 
,80 

Oct. 

Nov. 

Dec. 

•1 

2 

0.60 
.60 
.66 
.63 
.76 
.73 

.ra 

.73 
.73 
.73 
.70 
.73 
.76 
.76 
.78 
.78 

0.63 
.63 
.63 
.68 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.60 
.60 
.60 

0.63 
.63 
.63 
.80 
.70 
.66 
.66 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 

0.80 
.80 
.80 

.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 
.83 

0.90 
.88 
.88 
.86 
.85 
.83 
.83 
.83 
.83 
.83 

0.96 
.95 
.96 
.83 
.90 
.90 
.88 
.88 
.98 

1.06 

17 

18 

0.81 
.80 
.88 
.88 
.88 
.86 
.86 
.85 
.85 
.86 
.83 
.88 
.86 
.86 
.90 

0.86 
.98 
.06 
.90 
.90 
.90 
.98 
.83 
.98 
.98 
.98 
.96 
.96 
.88 

0.96 
.96 

8 

19 

.95 

4 

6 

20 

21 

.90 
1.10 

6 

7 

22 

23 

24 

25 

26 

.88 
.83 

8 

9 

10 

1.13 
LOO 
1.00 

11 

.83     l.OR 

27 

28 

L13 

12 

.83 
.83 
.83 
.83 
.85 

1.00 

1.00 

.96 

.96 

.96 

LIB 

18 

14.,.. 

f» 

80 

L15 

16 

31 ... 

16 

SNAKE  RIVER  AT  MONTGOMERY  FERRY,  IDAHO. 

This  station,  established  October  5,  1895,  is  on  the  stage  road  from 
Minidoka  to  Albion.  It  is  described  in  Water-Supply  Paper  No.  38, 
page  351.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  405.  No  records  of  gage 
heights  were  kept  during  1900,  and  only  one  discharge  measurement 
was  made  during  the  year,  by  N.  S.  Dils,  as  follows: 

August  35:  Gage  height,  1.50  feet;  discharge,  2,801  second-feet. 


MALADE  RIVER,  IDAHO. 

During  1899  stations  were  maintained  on  this  river  at  Toponis  and 
at  Bliss,  as  described  in  Water-Supply  Paper  No.  38,  pages  354  and  355. 
Results  of  measurements  for  that  year  will  be  found  in  the  Twenty- 
fii-st  Annual  Report,  Part  IV,  pages  408  and  409.  No  stations  were 
maintained  on  this  river  during  1900  and  no  discharge  measurements 
were  made.  It  is  reported,  however,  that  the  low- water  flow  for  that 
year  did  not  vary  greatly  from  that  of  1899. 

BRUNEAU  RIVER  NEAR  GRANDVIEW,  IDAHO. 

This  station,  established  by  Mr.  A.  J.  Wiley  for  the  Owyhee  Land 
and  Irrigation  Company,  immediately  below  the  headworks  of  the 
canal  system  of  that  company,  10  miles  east  of  Grand  view,  is  described 
in  Water-Supply  Paper  No.  38,  page  356.  Records  of  measurements 
will  be  found  as  follows:  For  1896,  Eighteenth  Annual  Report,  Part 
IV,  page  341 ;  for  1897,  Nineteenth  Annual  Report,  Part  IV,  page  450; 
for  1898,  Twentieth  Annual  Report,  Part  IV,  page  482;  for  1899, 
Twenty-first  Annual  Report,  Part  IV,  page  410.  No  measurements 
of  discharge  were  made  at  this  station  during  1900. 


IDAHO. 
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Daily  gage  height,  in  feet,  of  Bruneau  River  near  Grandview,  Idaho,  for  1900. 


Day. 

Jan. 

i 

Feb. 

Mar. 

Apr.  1  May. 

June. 

July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec 

1 

1.66 
1.70 
1.75 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.75 
1.80 
1.86 
1.86 
1.90 
1.80 
1.75 
1.75 
1.70 
1.66 
1.65 
1.66 
1.60 
1.60 
1.50 
1.60 
1.65 
1.60 

1.66 
1.66 
1.66 
1.65 
1.66 
1.66 
1.00 
1.60 
1.60 
1.60 
1.66 
i.66 
1.66 
1.65 
1.60 
1.60 
1.60 
1.56 
1.60 
1.66 
1.70 
1.76 
1.90 
2. 00 
1.86 
1.80 
1.90 
1.90 

1.85 
1.86 
1.86 
1.95 
1.90 
1.95 
1.86 
1.86 
1.80 
1.80 
1.85 
2.00 
2.10 
2.26 
2.30 
2.80 
2.25 
2.26 
2.25 
2.26 
2.25 
2.25 
2.26 
2.20 
2.20 
2.25 
2.25 
2.20 
2.20 
2.16 
2.16 

2.00 
2.06 
2.05 
2.20 
2.20 
2.16 
2.20 
2.30 
2.25 
2.25 
2.25 
2.25 
2.26 
2.15 
2.20 
2.20 
2.10 
2.15 
2.15 
2.15 
2.25 
2.26 
2.85 
2.26 
2.20 
2.15 
2.16 
2.10 
2.16 
2.10 

2.16 
2.20 
2.85 
2.20 
2.25 
2.70 
2.00 
2.65 
2.65 
2.76 
2.90 
3.00 
3.10 
3.00 
3.20 
2.85 
2.80 
2.85 
2.20 
2.80 
2.76 
2.70 
2.80 
2.76 
2.80 
2.80 
2.81) 
2.66 
2.80 
2.76 
2.70 

2.70 
2.76 
2.75 
2.80 
2.70 
2.65 
2.06 
2.66 
2.60 
2.60 
2.65 
2.40 
2.36 
2.30 
2.25 
2.25 
2.20 
2.20 
2.10 
2.U0 
2.00 
1.96 
1.90 
1.90 
1.65 
1.80 
1.70 
1.65 
1.66 
1.60 

1.55 
1.65 
1.56 
1.60 
1.45 
1.45 
1.40 
1.86 
1.86 
1.86 
1.80 
1.80 
1.30 
1.30 
1.25 
1.26 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.15 
1.16 
1.16 
1.16 
1.16 
1.15 
1.15 
1.15 
1.16 

1.16 
1.15 
1.16 
1.15 
1.20 
1.20 
1.20 
1.80 
1.15 
1.15 
1.15 
1.16 
1.16 
1.10 
I.IO 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.05 
1.06 
1.05 
1.00 
1.00 
1.00 
1.06 
1.06 
1.05 
1.06 

1.10 
1.06 
1.06 
1.06 
1.10 
1.80 
1.20 
1.25 
1.80 
1.20 
1.15 
1.15 
1.16 
1.16 
1.16 
1.16 
1.15 
1.16 
1.20 
1.20 
1.20 
1.15 
1.16 
1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
1.25 
1.25 
1.80 
1.30 
1.30 
1.86 
1.36 
1.36 
1.85 
1.36 
1.86 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 

1.60 
1.60 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.56 
1.56 
1.55 
1.56 
1.60 
1.60 
1.00 
1.50 
1.56 
1.56 

1.60 

2 

1.00 

3 

1.60 

4 

6 

1.60 
1.60 

6 

1.00 

7 

1.00 

8 

1.00 

0 

1.00 

10 

1.55 

11 

1.55 

12 

1.60 

13 

1.00 

14 

1.65 

15 

1.66 

10 

1.65 

17 

LOO 

18 

1.60 

19 

1.60 

20 

1.60 

21 

22 

1.60 
1.60 

33 

1.65 

24 

1.66 

25 

1.66 

2B 

27 

1.65 
1.65 

28 

1.60 

29 

1.60 

30 

81 

BOISE  RIVBR  NEAR  BOISE,  IDAHO. 

This  station  is  described  in  Water-Supply  Paper  No.  38,  page  356. 
Results  of  measurements  for  1899  will  be  found  in  the  Twenty-flrst 
Annual  Report,  Part  IV,  page  411.  During  1900  the  New  York  Canal 
Company  built  a  wing  dam  of  timber  and  loose  rock,  headed  about 
150  feet  below  the  station  and  extending  from  the  north  bank  diago- 
nally down  and  across  the  stream  a  distance  of  about  50  feet,  in  oMer 
to  protect  the  north  bank  from  erosion.  The  construction  of  this  wing 
dam  did  not  seem  to  interfere  with  the  flow  of  the  river  at  the  station. 
During  the  year  new  cable  supports  were  set,  bench  marks  were  care- 
fully verified,  and  the  following  discharge  measurements  were  made 
by  N.  S.  Dils: 

Discharge  measurements  of  Boise  River  near  Boise,  Idaho. 


Date. 


April  18 
Jnne6.. 
June  14. 
Jane  28. 
July  13. 


Gase 

hel^t. 

Dis- 
charge. 

Feet. 
4.30 
4.05 
8.80 
2.60 
1.85 

Sec-feel. 
I<701 
7,863 
6,301 
2,871 
1.644 

Date. 


July  28 

Aiigiist7 

September  20 
September  27 


Di0- 
cbarf?e. 


Sec. -feet. 

1,108 

871 

797 

810 
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OPEBATIONS   AT   BIVBR  STATIONS,  1900. ^PABT   V.        [ho.  61. 


Daily  gage  height ,  in  feet,  of  Boise  River  near  Boise,  Idaho,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

2.40 
2.80 
2.25 
2.20 
2.00 
1.95 
1.90 
1.80 
1.80 
1.85 
1.86 
1.86 
1.80 
1.75 
1.60 
1.60 
1.65 
1.60 
1.46 
1.46 
1.85 
1.35 
1.80 
1.30 
1.40 
1.40 
1.30 
1.30 
1.20 
1.18 
1.16 

Aug. 

Sept. 

Oct. 

1.00 
1.10 
1.10 
1.10 
1.80 
1.40 
1.20 
1.15 
1.10 
1.10 
1.10 
1.10 
1.06 
1.06 
1.05 
1.05 
1.00 
1.05 
1.25 
1.25 
l.TO 
1.60 
1.76 
1.65 
1.40 
1.40 
1.40 
1.88 
1.36 
1.30 
1.80 

Nov. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.80 
1.80 
1.80 
1.25 
1.20 
1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.80 
1.80 
1.15 
1.10 
1.15 
1.20 
1.80 
1.80 
1.85 
1.40 
1.20 
1.10 
1.80 

Dec 

1 

1.00 
2.00 
2.00 
1.90 
2.00 
2.00 
2.00 
1.90 
1.T0 
1.70 
1.90 
2.20 
2.20 
2.60 
8.60 
8.40 
8.20 
2.80 
2.60 
2.46 
2.40 
2.30 
2.30 
2.80 
2.00 
2.00 
2.00 
2.00 
2.U0 
2.00 
2.00 

2.10 
2.10 
2.10 
2.10 
2.0C 
1.85 
1.90 
1.90 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.80 
1.80 
1.80 
2.00 
2.00 
2.60 
2.40 
2.80 
2.40 
2.80 
2.80 

2.20 
2.80 
2.30 
2.40 
2.30 
2.60 
2.76 
2.90 
8.40 
8.55 
8.80 
4.25 
4.25 
4.20 
4.20 
4.80 
4.80 
4.40 
4.40 
4.80 
4.80 
4.30 
4.60 
4.60 
4.60 
4.00 
4.60 
4.00 
4.00 
8.00 

8.90 
4.60 
4.80 
4.60 
4.60 
4.70 
4.90 
4.80 
4.60 
4.60 
4.20 
4.40 
4.70 
4.80 
4.10 
4.80 
4.20 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.80 

4.40 
4.60 
4.80 
4.80 
4.80 
6.80 
6.60 
5.80 
5.90 
6.30 
6.60 
6.60 
6.20 
5.20 
6.30 
6.80 
6.20 
6.10 
6.20 
6.10 
5.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.40 

4.80 
4.30 
4.60 
4.60 
4.70 
4.96 
4.80 
4.00 
4.60 
4.30 
4.00 
a86 
8.66 
8.85 
&80 
4.16 
3.80 
8.66 
8.66 
8.66 
8.66 
8.60 
3.40 
8.30 
8.20 
8.10 
2.90 
2.80 
2.60 
2.60 

1.10 

1.06 

1.06 

1.05 

1.06 

1.05 

1.08 

1.08 

1.08 

.90 

.88 

.96 

.96 

1.00 

.98 

.90 

.98 

.90 

.88 

.90 

.88 

.86 

.96 

1.00 

1.05 

.98 

.95 

.96 

.86 

.90 

.90 

.86 

.85 

.83 

.86 

1.10 

1.20 

1.06 

.95 

.95 

.96 

1.05 

.88 

.66 

.85 

.90 

.86 

.88 

.90 

.96 

.96 

.98 

.90 

.83 

.90 

.96 

.96 

1.00 

1.00 

.96 

1.00 

1.80 

2 

i.ao 

8 

1.20 

4 

6 

1.80 

i.ao 

6 

7 

1.80 
1.80 

8 

1  80 

9 

1  80 

10 

11 

12 

1.20 
1.20 
1.10 

18 

LIO 

14 

15 

1.80 
1.80 

16. .4 

1.30 

17 

18 

1.40 
1.80 

18 

20 

1.80 
1.80 

1.80 

22 

l.TO 
1.40 

24 

1.80 

1.40 

28 

1.80 

27 

1.80 

28 

1.10 

29 

80 

1.00 
1.10 

81 

3.90 

1.20 

MISCELLANEOUS  DISCHARQB  MBASURBMBNTS  IN  BOISB  VALLEY,  IDAHO. 

A  series  of  miscellaneous  measurements  of  Boise  River  and  of  canals 
taking  water  from  it  was  also  made  by  N.  S.  Dils,  from  September  25  to 
29,  1900.  A  similar  series  of  measurements  was  made  in  1899  (see 
Water-Supply  Paper  No.  38,  page  358)  and  in  1898  (see  IVentieth 
Annual  Report,  Part  IV,  pages  485  to  488). 
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MiaoeOaneous  discharge  measurements  of  Boise  River  and  other  streams  and  canals 

in  Boise  Valley,  Idaho, 


Date. 


1900. 

Jnlyao 

September  26 . 

Do 

Do 

Do 

Do 

Do 

Do 

September  26 . 

Do 


Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

September  27 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

September  28 . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

September  20. 

Eto 

Do 

Do 

Do 


Stream. 


Bolae  River 

Sebree  canal 

SeitenbnrgsloiiffJi 

Riverside  canal 

Waste  east  of  Caldwell 

Waste  from  Tenmlle  Creek 

Boise  River 

Waste  sonth  of  Star  Bridge. 

Eureka  canal 

Phyllis  canal 


Settlers*  canal 


Davis  canal 

McCarty  canal 

Waste  from  Rossi  canal 

Waste  from  eiectrio-light  works 

Rossi  canal 

Payne  canal 

Ellis  canal 

Peraalt  canal 

Boise  River 

New  York  canal 

Cos  tin  canal 

Ridenbaagh  canal 

Lambnrger  &  Ryan  canal 

Waste  from  Cottonwood  Creek. 

Front  str^t  canal  

Waste  from  Carline  power  boa  se 

Farmers'  Union  cazial 

Waste 

Dry  Creek  canal 

Waste  from  Dry  Creek 

Middleton  canal 

Middleton  Mill  slongh 

Davis  &  Hart  canal 

Conway  canal 

Pioneer  canal 

Middleton  Water  Company  ... 

Waste 

Waste  from  Willow  Creek 

Waste 

Boise  River 


Locality. 


Dis- 
charge. 


Near  Caldwell 

Near  head 

....do 

Caldwell  road  bridge 

Near  river 

Lower  road 

Star  Bridge 

Near  river 

Fifty  feet  below  head  gate 

Pive  hundred  feet  below  head 

gate. 
One  thousand  feet  below  head 

gate. 

Near  head 

One  hundred  feet  below  head 

Near  river 


Below  waste  gate 

do 

Near  head 

Below  waste  gate 

U.S.O.S.  gaging  station 

Opposite  gaging  station 

Near  head 

Two  hundred  feet  below  head. .. 

Flume 

Nearriver 

Below  waste  gate 

Road  bridge 

Near  head 

Below  Soldiers*  Home 

Near  head 

Road  bridge 

Near  head 

do 

Eagle  Island 

do 

Near  head 

do 

East  Middleton  Road  bridge 

Roadbridffe 

East  of  Caldwell,  near  river 

Three  hundred  feet  below  Cald- 
well rockl  bridge. 


SeC'feet. 

66 

100 

16 

0 

8 

15 

m 

20 
26 
46 

48 


88 

42 

26 

60 

4 

87 

86 

810 

a  10 

7 

252 

1 

8 

80 

88 

67 

7 

26 

5 

70 

100 

6 

6 

8 

82 

86 

8 

4 

240 


a  Not  used  in  computations. 
Summary  of  miscellaneous  discharge  measurements  in  Boise  Valley,  Idaho, 


In  riyer  at  Caldwell,  below  all  canals 
Taken  ont  by  canals 


Second-feet. 

240 
1,177 


Total. 1,417 

In  river  above  canals 810 

Betnm  waters 251 


Total 1,061 


Gain  in  34  miles 
Gain  per  mile,  1900. . . . 

Gtain  per  mile,  18d9 

Gkun  per  mile,  1898 — 


356 
11 

11 
8 
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WEISER  RIVER  NEAR  WEISER,  IDAHO. 

This  station,  established  December  6,  1894,  is  described  in  Water- 
Supply  Paper  No.  38,  page  359.  The  results  of  measurements  for 
1899  are  given  in  the  Twenty-first  Annual  Report,  Part  IV,  page  413. 
The  new  gage  rod  from  which  observations  are  now  made  was  located 
October  31,  1899.  During  1900  the  following  measurements  of  dis- 
charge were  made  by  N.  S.  Dils : 

May  28:  Gage  height,  3.40  feet;  dlBcharge,  2,074  second-feet. 
Jane  19:  Gage  height,  1.90  feet;  discharge,  646  second-feet. 
July  28:  Gage  height,  0.50  foot;  discharge,  87  second-feet. 
Angnst  15:  Gage  height,  0.25  foot;  discharge,  47  second-feet. 

The  second  measurement  on  July  23  was  made  1  mile  above  the 
regular  station. 

Daily  gage  height ^  in  feet,  of  Weiaer  River  near  Weiaer,  Idaho,  for  1900, 


Day. 


1 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

U 

15 

16 

17 

18 

19 

80 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

81 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

4.0 

8.2 

8.8 

3.1 

1.1 

0.8 

4.6 

8.8 

3.4 

3.1 

1.1 

.3 

5.0 

8.6 

8.4 

3.0 

1.1 

.3 

6.0 

8.7 

8.6 

3.0 

.9 

.3 

5.6 

8.7 

3.9 

2.9 

.9 

.2 

5.4 

8.8 

4.2 

2.8 

.9 

.2 

6.0 

3.8 

4.4 

2.8 

.9 

.2 

8.0 

3.7 

4.0 

2.7 

.9 

.2 

6.9 

8.7 

4.1 

2.7 

.9 

.2 

6.1 

3.8 

4.2 

2.6 

.9 

.8 

5.7 

8.9 

4.4 

2.6 

.8 

.3 

5.8 

4.0 

4.6 

2.5 

.8 

.8 

5.2 

4.1 

4.8 

2.5 

.8 

.8 

4.9 

3.8 

4.7 

2.4 

.8 

.8 

4.7 

8.6 

4.8 

2.3 

.7 

.8 

4.5 

3.5 

4.7 

2.2 

.7 

.8 

4.4 

3.4 

4.6 

2.1 

.7 

.8 

4.3 

3.5 

4.4 

2.0 

.7 

.8 

4.2 

3.6 

4.2 

1.9 

.6 

.3 

4.1 

3.6 

4.0 

1.8 

.6 

.3 

4.1 

3.7 

8.9 

1.7 

.6 

.8 

4.0 

3.7 

8.8 

1.6 

.5 

.3 

4.0 

3.6 

8.7 

1.5 

.5 

.3 

4.0 

8.5 

3.6 

1.4 

.5 

.3 

8.9 

8.4 

8.5 

1.4 

.5 

.3 

8.9 

8.4 

3.4 

1.3 

•  V 

.3 

3.8 

3.8 

8.4 

1.3 

•    V 

•  O 

8.7 

8.8 

3.4 

1.2 

■  V 

«    aC 

8.5 

3.8 

8.3 

1.2 

•  ^t 

•  « 

8.4 

3.8 

8.2 

1.1 

•  V 

■  ^ 

3.8 

3.2 

.3 

•  ft 

Sept. 


0.4 
.4 
.4 
.4 
.4 
.5 
.5 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.6 
.5 
.5 
.5 
.6 
.6 
.6 
.6 
.6 
.6 
.6 


0.6 

.7 

.7 

.7 

.8 

.8 

.9 

.9 

.9 

.9 

.9 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

1.0 

1.6 

1.6 

1.5 

1.5 

1.4 

1.4 

l.S 

1.2 

1.1 

1.1 

1.2 


Dec 


1 

1 

1 

1 

1. 

1. 

1 

1 

1 

1 

L 

1 

1 

1 

1 

1. 

1 

1 

1, 

1. 

1. 

1 

1 

1 

I 

1 


1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.6 
2.1 
2,4 
2-1 
2.3 
2.4 
5.1 
4.1 

as 

1L9 
2.7 
2.5 
S.3 
2.0 
1.9 
1.9 
1.5 


BLACKFOOT  RIVER  NEAR  BONNER,   MONTANA. 

This  station,  established  July  7,  1898,  is  at  the  wagon  bridge  one- 
half  mile  west  of  Bonner.  It  is  described  in  Water-Supply  Paper 
No.  38,  page  362.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  416.  During  1900  the 
following  measurements  of  discharge  were  made  by  Prof.  F.  D.  Smith 
and  George  Westby: 

March  17:  Gage  height,  1.05  feet;  discharge,  1,094  second-feet. 
May  30:  Gage  height,  3.80  feet;  discharge,  4,592  second-feet 
December  15:  Gage  height,  0.50  foot;  discharge,  565  second-feet 


MONTANA. 
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Daily  gage  height,  in  feet,  of  Blachfoot  River  near  Bonner,  Montana,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oot. 

Nov. 

Dec. 

1 

0.70 
.70 
.80 
.75 
.65 
.55 
.70 
.66 
.65 
.65 
.65 
.65 
.86 
.80 
,75 
.75 
.65 
.75 
.75 
.60 
.65 
.70 
.60 
.60 
.56 
.60 
.50 
.55 
.56 
.60 
.60 

0.60 
.60 
.50 
.60 
.55 
.45 
.60 
.40 
.36 
.45 
.56 
.56 
.40 
.40 
.35 
.25 
.46 
.85 
.65 
.50 
.50 
.55 
.66 
.50 
.50 
.40 
.46 
.46 

0.60 

.60 

.56 

.40 

.15 

.20 

.30 

.55 

.80 

1.56 

2.15 

2.86 

2.05 

2.16 

1.85 

1.66 

1.70 

1.35 

1.40 

1.10 

1.05 

1.05 

1.15 

1.26 

1.20 

1.15 

1.25 

1.30 

1.15 

1.20 

1.30 

1.30 
1.40 
L46 
1.80 
2.06 
2.36 
2.50 
2.60 
2.66 
2.65 
2.56 
2.60 
2.46 
2.36 
2.46 
2.50 
2.50 
2.50 
2.70 
2.86 
3.00 
3.05 
3.26 
3.35 
3.30 
3.30 
3.30 
3.15 
3.10 
3.05 

3.20 
3.50 
3.50 
3.60 
4.00 
4.30 
4.36 
4.30 
4.10 
4.36 
4.60 
5.16 
6.90 
6.40 
5.90 
6.40 
5.55 
6.50 
6.36 
6.00 
4.85 
4.80 
4.60 
4.50 
4.30 
4.05 
4.00 
3.95 
3.06 
3.85 
3.50 

3.46 
8.66 
3.^ 
3.56 
3.86 
3.60 
3.36 
3.20 
3.20 
3.10 
2.96 
2.86 
2.80 
2.85 
2.86 
2.95 
3.25 
3.20 
2.96 
2.80 
2.85 
2.75 
2.66 
2.60 
2.50 
3.86 
2.25 
2.15 
2.10 
1.96 

1.90 
1.86 
1.80 
1.70 
1.70 
1.60 
1.00 
1.56 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.80 
1.36 
1.36 
1.25 
1.20 
1.26 
1.20 
1.16 
1.06 
.96 
.96 
1.10 
1.20 
1.00 
1.00 
1.06 
1.05 

0.96 
.96 
.90 
.90 
.90 
.90 
.90 
.90 
.86 
.95 
.90 
.80 
.80 
.80 
.80 

1.00 
.80 

1.00 
.80 
.76 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.85 
.75 

0.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.80 
.80 
.80 
.80 
.70 
.70 
.70 
.80 
.70 
.70 
.80 
.70 
.70 
.70 
.70 
.00 
.60 
.70 
.70 
.70 

0.70 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.70 
.86 
.66 
.55 
L    .65 
.50 
.60 
.66 
.66 
.55 
.60 
.70 
.66 
.60 
.66 
.60 

0.60 
.60 
.65 
.60 
.65 
.70 
.65 
.65 
.66 
.70 
.65 
.60 
.66 
.56 
.60 
.60 
.66 
.50 
.55 
(a) 

(a) 

2 

3 

4 

5 

6 

1.00 

7 

.90 

8 

.70 

9 

.00 

10 

.56 

U 

.65 

12 

18 

.56 
.66 

14 

15 

.55 
.60 

16 

.50 

17 

.40 

18 

.45 

19 

.45 

ao 

.50 

21 

.76 

22...   

23 

.80 
.66 

24 

.70 

25 

.66 

28 

.70 

27 

.66 

28 

.66 

29 

30 

31 

.66 

.66 
.40 

a  Noyember  20  to  December  6  slush  ice  blocking  channel. 
RATTLESNAKB  CREEK  AT  MISSOULA,   MONTANA. 

This  station,  established  May  27, 1899,  is  at  the  Ivy  street  bridge  in 
the  center  of  the  city.  It  is  described  in  Water-Supply  Paper  No.  38, 
page  363.  Results  of  measurements  for  1899  will  be  found  in  the 
Twenty-fii-st  Annual  Report,  Part  IV,  page  417.  During  the  blizzard 
in  the  latter  part  of  November,  1900,  the  wire  gage  was  broken,  and 
readings  were  discontinued.  During  1900  the  following  measure- 
ments of  discharge  were  made  by  Prof.  F.  D.  Smith: 

May  19:  Gage  height,  4.27  feet;  discharge,  704  second-feet. 
Jane  18:  Gage  height,  4.13  feet;  discharge,  645  second-feet. 
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Daily  gage  height,  in  feet,  of  Eattlesnake  Creek  at  Missotda,  Montana,  for  1900, 


Day. 

Jan. 

Febi 

Mar. 

2.40 
2i40 
2.40 
2.40 
2.45 
2.40 
2.45 
2.48 
2.50 
2.50 
2.58 

"2."96' 
2.96 
2.96 
2.98 
3.06 
8.13 
8.15 
8.08 
3.10 
3.18 
3.18 
3.20 
3.25 
3.18 
3.13 
3.13 
3.05 
3.00 

Apr. 

May. 

June. 

July. 

Aug. 

8ei»t. 

1 
Oct.   JNoT. 

1 

2.60 
2.60 
2.60 
2.60 
2.58 
2.55 
2.58 
2.55 
2.58 
2.60 
2.58 
2.55 
2.80 
2.85 
2.85 
2.83 
2.80 
2.78 
2.70 
2.63 
2.68 
2.63 
2.58 
2.55 
2.60 
2.75 
2.58 
3.15 
2.50 
2.56 
2.58 

2.63 
2.60 
2.46 
2.43 
2.43 
2.75 
2.35 
2.86 
2.40 
2.43 
2.45 
2. 38 
(a) 

\a\ 

R 
(a) 

(a) 

(a) 

2.40 

2.35 

2.40 

2.40 

2.45 

2.43 

2.40 

2.40 

3.20 
3.43 
3.68 
4.05 
3.96 
3.88 
3.85 
3.73 
3.63 
3.50 
3.30 
3.40 
3.38 
8.43 
3.40 
3.45 
3.45 
3.60 
3.80 
3.83 
3.80 
4.08 
8.90 
3.83 
3.80 
3.85 
3.70 
3.70 
3.70 
3.85 

3.95 
4.15 
4.40 
4.88 
4.85 
4.78 
4.68 
4.70 
4.88 
4.98 
5.28 
6.00 
5.60 
4.73 
4.40 
4.40 
4.50 
4.43 
4.17 
4.20 
4.13 
4.17 
4.00 
4.00 
3.68 
3.98 
4.08 
3.08 
3.78 
3.68 
3,70 

3.68 
8.65 
3.75 
3.86 
3.90 
8.88 
3.88 
3.88 
3.68 
3.58 
3.58 
3.53 
3.58 
3.48 
8.58 
3.70 
4.08 
4.58 
4.08 
8.88 
3.88 
8.78 
8.58 
3.60 
8.63 
3.60 
3.35 
3.80 
3.18 
8,18 

3.06 
2.98 
2.90 
2.90 
2.90 
2.85 
2.78 
2.76 
2.68 
2.58 
2.48 
2.88 
2.85 
2.36 
2.38 
2.35 
2.35 
2.80 
2.25 
2.80 
2.26 
2.26 
2.28 
2.28 
2.20 
2.25 
2.28 
2.28 
2.20 
2.20 
2.20 

2.  IB 
2.20 
2.20 
2.18 
2.20 
2.20 
2.18 
2.20 
2.20 
2.18 
2.18 
2.20 
2.18 
2.16 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.18 
2.20 
2.20 
2.25 
2.80 
2.50 
2.46 
2.35 
2.88 
2.85 
2.85 

2.85 
2.36 
2.85 
2.85 
2.88 
2.88 
2.80 
2.80 
2.80 
2.80 
2.80 
2.28 
2.26 
2.25 
2.25 
2.25 
2.88 
2.58 
2.68 
2.60 
2.58 
2.56 
2.70 
2.80 
2.78 
2.73 
2.68 
2.68 
2.68 
2.66 

1 
2.68      2.45 

2 

2.56      2.45 

8 

2.53      2.48 

4 

6 

2.58  '    2.65 
2.58  1    2.60 

6 

2.58  1    2.60 

7 

2.60      2.55 

8 

2.55      8.S5 

9 

2.66  '    2.6B 

10 

2.55  1    2.55 

11 

2.56      258 

12 

2.55      2.60 

18 

2.66      2.50 

14 

2.66      2.50 

15 

2.58  1    2.50 

16 

2.50  ,    280 

17 

2.50  ,    2.55 

18 

2.48  '    (5) 

19 

2.48  ' 

20 

2.48 
2.60 
2.58 
2.00 
2.66 
2.68 
2.55 
2.58 
2.58 
2.58 
2.60 
2.46 

21 •. 

83 

28....^ 

24 

26 

26 

27 

28 

20 

ao 

aloe. 


5  Oage  broken;  readings  diBOontlniied. 


MISSOULA  RIVER  AT  MISSOULA,  MONTANA. 

Missoula  River  is  generally  regarded  as  formed  by  the  junction  of 
Blackf  oot  and  Hellgate  rivers  at  Bonner,  Montana.  Hellgate  River  was 
measured  by  Prof.  F.  D.  Smith  on  June  21, 1900,  below  Bonita,  at  the 
wagon  bridge  a  short  distance  above  the  mouth  of  Rock  Creek,  and 
a  discharge  of  1,028  second-feet  was  found.  Rock  Creek  is  an  impor- 
tant tributary  of  Hellgate  River,  entering  it  a  few  miles  below  Bonita. 
It  was  measured  by  Professor  Smith  on  June  21,  1900,  about  6  miles 
above  its  mouth  and  about  3  miles  below  Quigley,  and  a  discharge  of 
1,670  second-feet  was  found.  This  creek  is  about  100  miles  long,  and 
in  spring  is  a  fierce  torrent.  At  all  times  it  probably  carries  more 
water  than  Hellgate  River. 

The  Missoula  River  station  at  Missoula  was  originally  established 
July  10, 1898,  at  the  Higgins  avenue  bridge  in  the  city.  Owing  to  the 
occurrence  of  two  channels  in  this  section,  on  Maj^  27, 1899,  the  sta- 
tion was  moved,  being  placed  below  the  junction  of  the  two  branches 
and  150  yards  east  of  the  railroad  bridge.  During  1900  observations 
of  gage  heights  were  taken  on  this  lower  rod.  The  station  is  described 
in  Water-Supply  Paper  No.  38,  page  364.  Results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  418.  During  1900  the  following  measurements  of  discharge  were 
made  by  Prof.  F.  D.  Smith  and  George  Westby: 

Jane  18:  Ghige  height,  6.25  feet:  discharge,  8,164  second-feet. 
December  22:  Gtkge  height,  8.80  feet;  discharge,  1,710  second-feet. 
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DdUy  gage  height^  in  feet ,  ofMiswmla  River  at  MiseouUij  Montana,  for  1900, 


1 

2 

3 

4 

5 

6 

7. 

8. 

9. 

10. 

U. 

12. 

18. 

U. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

26. 

26. 

27. 

28. 

29. 

80. 

81. 


D»7. 


Jan.    Feb. 


Mar. 


8.68 
8.60 
8.65 
8.45 
8.10 
3.15 
8.45 
8.60 
4.80 
4.85 
5.63 
6.10 
5.90 
5.05 
4.75 
4.27 
4.40 
4.83 
4.07 
4.15 
4.18 
4.23 
4.85 
4.25 
4.23 
4.28 
4.28 
4.28 
4.20 
4.10 
4.15 


Apr. '  May 


Jjnne. 


4.28 
4.83 
4.63 
4.83 
6.06 
5.20 
6.40 
5.30 
5.33 
6.28 
5.20 
6.20 
5.13 
6.18 
6.15 
5.23 
5.23 
5.20 
5.33 
5.48 
5.58 
5.75 
85 
90 
5.90 
9.95 
5.95 
5.90 
5.90 
5.90 


5. 

5. 


6.98 
6.08 
6.25 
6.45 
6.73 
6.95 
7.10 
6.96 
6.90 
7.23 
7.65 
9.45 
9.45 
9.05 
8.63 
8.30 
8.43 
8.40 
8.23 
8.15 
7.85 
7.68 
7.63 
7.48 
7.83 
7.17 
7.18 
7.20 
7.10 
6.95 
6.85 


80 
TO 
70 
65 


6.45 
6.45 
6.83 
6.28 
6.05 
5.88 
5.78 
5.65 
6,70 
6.78 
6.05 
6.28 
5.98 
6.80 
5.65 
6.63 
6.60 
6.46 
5.40 
6.40 
5.20 
6.06 
4.90 
4.78 


4.68 
4.68 
4.53 
4.40 
4.86 
4.86 
4.88 
4.25 
4.20 
4.13 
4.06 
4.09 
3.98 
3.95 
3.90 
3.85 
3.83 
3.80 
8.75 
3.65 
3.58 
3.53 
3.58 
8.55 
3.58 
3.58 
3.55 
3.56 
3.68 
3.60 
8.60 


8.48 
8.48 
8.48 
8.48 
3.85 
8.85 
3.80 
8.80 
3.85 
8.25 
8.40 
3.86 
3.85 
8.38 
3.80 
8.80 
8.20 
8.23 
3.23 
8.20 
3.15 
3.85 
8.88 
3.48 
8.48 
8.50 
8.60 
8.43 
8.40 
8.46 
8.48 


3.88 
8.86 
8.40 
3.88 
8.48 
8.48 
3.55 
3.60 
8.48 
3.45 
3.45 
8.40 
3.38 
3.85 
3.38 
4.15 
8.63 
3.65 
3.70 
3.68 
3.66 
8.60 
3.60 
8.66 
8.60 
8.00 
8.60 
8.58 
8.68 
8.60 


8.60 
8.65 
8.68 
8.68 
8.68 
8.00 
8.68 
8.66 
3.60 
8.60 
8.58 
8.56 
8.66 
3.68 
8.65 
8.66 
3.68 
3.60 
3.68 
8.63 
3.50 
8.60 
3.60 
8.60 
a58 
8.66 
3.53 
3.66 
3.63 
3.68 
8.60 


Nov. 


8.60 
8.60 
8.60 
8.65 
8.68 
8.66 
8.65 
8.65 
8.68 
8.66 
3.68 
3.60 
8.60 
8.68 
8.60 
8.50 
8.68 

P 


1 1 


i 


s 

(a) 

(a) 
(a) 


Deo. 


(a) 
(a) 

J* 
(a) 

8.88 
8.85 
8.80 
8.80 
8.70 
8.68 
8.63 
8.46 
a40 
8.40 
3.45 
3.43 
3.45 
3.48 
3.40 
8.48 
8.68 
8.86 
8.60 
3.50 
3.43 
8.40 
8.48 
8.80 
3.18 
8.10 

(«) 


a  loe. 


BITTERROOT  RIVER  AT  MISSOUL.A,  MONTANA. 

This  station,  established  July  6,  1898,  is  at  the  Backhouse  wagon 
bridge.  The  gage  was  verified  June  19,  1900,  and  the  length  of  cable 
was  found  to  be  22.83  feet.  On  December  1, 1900,  the  wire  was  again 
tested,  and  was  found  to  measure  22.95  feet,  showing  a  stretch  of 
0. 12  foot,  which  was  not  corrected.  The  station  is  described  in  Water- 
Supply  Paper  No.  38,  page  368.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  420. 
Dnring  1900  the  following  measurements  of  discharge  were  made  by 
Prof.  F.  D.  Smith  and  George  Westby : 

March  17:  Gage  height,  2.40  feet;  discharge,  1,875  second-feet. 
December  15:  Gage  height,  1.^  feet;  discharge,  1,185  second-feet. 

Liolo  Creek  is  a  tributary  of  Bitterroot  River,  entering  it  from  the 
west,  about  12  miles  above  its  mouth.  On  June  18, 1900,  it  was  meas- 
ured by  Professor  Smith,  at  Littleman's  bridge,  5  miles  above  the  Lolo 
post-office  and  above  all  ditches,  and  a  discharge  of  609  second-feet 
was  found. 
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DaUy  gage  height ^  in  feet^  of  Bitterroot  River  at  Misaovla,  Montana,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.70 
1.60 
1.65 
1.55 
1.60 
1.60 
1.60 
1.60 
1.65 
1.60 
1.60 
1.65 
1.60 
l.i:0 
2.00 
2.00 
1.90 
1.85 
1.80 
1.80 
1.70 
1.65 
1.65 
1.65 
1.55 
1.55 
1.55 
1.60 
1.60 
1.60 
1.70 

1.70 

1.70 

1.70 

1.60 

1.45 

1.40 

1.85 

1.30 

1.80 

1.85 

(a) 

(o) 

(a) 

(a) 

(a) 
(a) 
(a) 

a) 
(a) 
(a) 

a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(o) 
(o) 

(f) 

1.25 
1.25 
1.85 
1.45 
1.60 
1.60 
1.70 
1.76 
1.80 
1.90 
1.95 
2.16 
2.80 
2.40 
2.45 
2.60 
2.60 
2.55 
2.65 
2.60 
S.60 
2.70 
2.00 
2.60 
2.65 
2.40 
2.40 

2.40 
2.60 
2.90 
8.26 
8.6U 
8.75 
8.85 
8.70 
8.65 
8.60 
8.45 
8.40 
8.45 
3.40 
8.40 
8.60 
8.70 
8.95 
4.00 
4.05 
4.10 
4.20 
4.10 
4.00 
8.90 
8.90 
d.&5 
8.85 

(b) 

5.00 
5.25 
5.80 
6.10 
6.50 
6.40 
6.15 
6.65 
7.10 
7.66 
8.60 
7.80 
6.80 
6.80 
6.35 
6.40 
6.45 
6.10 
6.70 
5.80 
5.70 
5.65 
5.60 
5.60 
5.65 
5.65 
5.65 
5.85 
5.15 

6.80 
6.85 
5.60 
5.90 
6.10 
6.80 
6.45 
6.00 
5.80 
6.60 
5.00 
4.90 
4.90 
4.80 
4.80 
5.80 
5.65 
5.60 
5.40 
5.15 
S.80 
5.40 
5.45 
6.40 
5.60 
5.10 
4.70 
4.80 
4.00 
8.90 

8.60 
8.40 
8.80 
3.00 
2.90 
2.85 
2.85 
2.65 
2.70 
2.65 
2.65 
2.40 
2.30 
2.80 
2.20 
2.10 
2.00 
1.90 
1.85 
1.85 
1.70 
1.65 
1.60 
1.60 
1.55 
1.55 
1.65 
1.66 
1.55 
1.40 
1.35 

1.80 
1.80 
1.25 
1.20 
1.15 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.05 
1.05 
1.06 
1.05 
1.05 
1.05 
1.00 
1.00 
.90 
.90 
.90 
1.00 
1.00 
1.00 
1.05 
1.10 
1.10 
1.80 
1.40 

1.60 
1.60 
1.40 
1.80 
1.80 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.85 
1.35 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.65 
1.70 
1.70 
1.80 
1.80 
1.80 
1.70 
1.70 

1.60 
1.60 
1.60 
1.60 
1.60 
1.66 
5.60 
5.66 
6.65 
6.00 
5.60 
5.00 
5.60 
1.45 
1.45 
1.40 
1.40 
1.45 
1.45 
1.60 
1.60 
1.70 
1.80 
1.90 
1.60 
2.00 
2.20 
2.25 
2.25 
2.30 
2.85 

2.35 
2.40 
2.40 
2.20 
2.10 
2.10 
1.90 
1.80 
2.00 
1.80 
1.70 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 
1.00 
(a) 

H 

n 

1.00 
1.00 
1.00 
1.00 
1.55 

1.66 

2 

1.55 

8 

1.S5 

i 

1.55 

5 

1.60 

6 

7 

1.60 
1.70 

8 

1.80 

9 

1.70 

10 

1.70 

11 

LflO 

12 

1.55 

18 

LSO 

u 

L50 

16 

1.50 

16 

1.50 

17 

1.00 

18 

LOO 

19 

20 

1.T0 

i.ro 

21 

LTD 

1.70 

2d 

1.70 

24 

1.00 

25 

1.00 

26 

1.00 

27 

LSO 

28 

L40 

29 

1.30 

80 

L30 

81 

L80 

a  Frozen. 


b  No  record. 


FLATHEAD   LAKE,  MONTANA. 

On  the  western  slope  of  the  Rocky  Mountains  in  northwestern  Mon- 
tana, in  the  vicinity  of  Columbia  Falls,  three  large  streams  combine  to 
form  the  upper  Flathead  River,  which  flows  through  a  rich,  fertile 
valley  for  a  distance  of  about  40  miles,  and  empties  into  the  northern 
end  of  Flathead  Lake.  The  several  tributaries  of  the  river  drain  a 
large  area,  a  portion  of  which  extends  northward  into  Canada.  The 
drainage  basin  is  entirely  mountainous,  and  is  in  a  region  of  heavy 
snowfall.  Swan  River  flows  northwardly  behind  the  Mission  range 
of  mountains,  which  rise  abruptly  on  the  eastern  shore  of  the  lake, 
until  it  finally  rounds  the  northern  end  of  the  range  and  empties  into 
the  lake  within  3  miles  of  the  mouth  of  Flathead  River.  These  two 
rivers  supply  nearly  all  of  the  water  which  flows  into  Flathead  Lake, 
the  other  sources  being  small  creeks. 

Flathead  Lake  is  a  large  body  of  fresh  water,  its  noilih-south  length 
about  30  miles,  its  width  varying  from  6  to  15  miles.  It  is  said  to  be 
very  deep,  although  probably  no  reliable  soundings  have  been  made. 
At  its  northern  end  Flathead  River,  which  carries  immense  quanti- 
ties of  silt,  has  formed  a  delta  or  bar.  Swan  River,  on  the  contrary, 
is  a  clear  stream,  and  carries  little  silt  into  the  lake.  At  the  southern 
end  the  outlet  of  the  lake  is  Flathead  River,  a  tributary  of  Clark  Fork 
of  the  Columbia. 

The  valley  of  Flathead  River  requires  no  irrigation,  its  rich,  allu- 
vial soil  producing  abundant  crops  without  the  aid  of  water.     On  the 
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contrary,  it  often  suffers  from  too  much  water,  by  inundation  from 
the  river  when,  after  a  winter  of  heavy  snowfall,  a  mild  spring,  with 
its  accompaniment  of  chinook  winds,  causes  too  rapid  melting  of  the 
snow  to  produce  overflow.  The  river  has  very  little  fall,  causing  a 
slow  current;  its  course  is  sinuous;  its  banks  are  not  high,  and 
behind  them  the  valley  is  quite  level;  and  with  its  mouth  partially 
dammed  by  its  own  deposits  of  silt  it  is  not  surprising  that  overflows 
have  occurred  and  will  continue  to  occur  until  some  method  is  adopted 
to  allow  the  flood  waters  to  escape  before  rising  to  the  top  of  the 
banks.  Several  plans  have  been  suggested  to  remedy  the  evil,  but 
until  measurements  have  been  obtained  of  the  flow  of  the  water  in  the 
lake,  and  particularly  of  the  amount  of  flood  water  to  be  provided 
against,  it  is  impossible  to  arrive  at  a  conclusion.  It  will  also  be  nec- 
essary to  determine  the  quantity  of  water  passing  out  of  the  lake  and 
the  amount  of  evaporation.  Level  lines  should  be  run  and  a  topo- 
graphic map  of  the  area  be  prepared,  after  which  it  may  be  possible 
to  determine  a  feasible  plan  for  the  relief  of  the  farming  land  in  the 
valley  of  the  river. 

During  the  summer  of  1900  a  reconnaissance  trip  encircling  Flat- 
head Lake  was  made  by  Prof.  F.  D.  Smith.  Besides  the  two  main 
streams  at  the  head  of  the  lake — Flathead  River  and  Swan  River — ^a 
number  of  minor  streams  discharge  into  this  body  of  water.  Among 
these  are  Dayton  Creek,  which  drains  a  small  area  on  the  west  side  of 
the  lake,  discharging  into  it  south  of  the  town  of  Dayton.  There  is 
a  considerable  body  of  agricultural  land  located  in  the  valley  of  this 
creek,  most  of  it  within  the  Flathead  Indian  Reservation,  and  not 
at  present  available  for  settlement  by  whites.  Lake  Ronan,  which  is 
3  miles  long  and  a  half  mile  wide,  is  within  the  drainage  area  of 
Dayton  Creek,  and  is  reported  to  be  a  good  reservoir  site.  Dayton 
Creek  was  measured  on  June  26,  1900,  immediately  above  its  mouth, 
and  a  discharge  of  31  second-feet  was  found.  It  is  reported  that  this 
stream  is  often  dry  during  September. 

Big  Creek  enters  the  lake  from  the  west,  about  halfway  between  the 
upper  end  of  the  lake  and  the  northern  boundary  line  of  the  Flat- 
head Indian  Reservation.  It  was  measured  on  June  26,  1900,  and  a 
discharge  of  3d  second-feet  was  found.  It  is  reported  that  this  is  the 
average  amount  of  water  that  this  stream  carries  during  the  remain- 
ing months  of  the  year.  Dayton  Creek  and  Big  Creek  are  the  only 
streams  of  importance  entering  Flathead  Lake  from  the  west.  The 
first  stream  of  importance  on  the  east  side  of  the  lake  and  south  of 
Swan  River  is  Glen  Creek,  which  on  June  28,  1900,  had  a  discharge 
of  4  second-feet  near  its  mouth. 

Continuing  southward,  the  next  stream  of  importance  on  the  east 
side  enters  the  lake  near  the  ranch  of  H.  N.  Chapman,  just  below  the 
northern  boundary  of  the  Indian  reservation.  Its  discharge  on  June 
29,  1900,  was  found  to  be  19  second-feet.     Four  miles  to  the  south  of 
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this  stream  there  is  a  creek  which  on  June  29  was  carrying  10  second- 
feet.  It  enters  the  lake  at  the  foot  of  the  north  end  of  the  Blae 
Grade,  a  dangerous  graded  road  along  the  lake  shore.  Four  miles 
still  farther  south  is  another  small  stream,  which  on  June  29,  1900, 
was  discharging  20  second-feet.  It  enters  the  lake  immediately  north 
of  the  peninsula  in  the  southeastern  comer  of  the  lake.  The  only 
stream  of  importance  which  enters  the  llEtke  south  of  this  peninsula 
was  discharging  24  second-feet  on  June  29,  1900. 

During  this  trip  Professor  Smith  made  measurements  of  a  number 
of  streams  which  enter  the  lower  Flathead  (Pend   Oreille)  River. 
They  all  are  included  within  the  Flathead  Indian  Reservation.    Crow 
Creek  was  measured  on  June  30,  1900,  at  the  highway  bridge  on  the 
lower  lake  road,  about  16  miles  from  St.  Ignatius  Mission,  and  was 
found  to  have  a  discharge  of  180  second-feet.     This  stream,  with  Post 
and  Mission  creeks,  will  be  of  great  value  when  the  reservation  is 
thrown  open  to  settlement,  as  they  carry  a  considerable  amount  of 
water  throughout  the  year,  and  the  many  acres  of  arable  lands  can 
thus  be  served  from  them.     Post  Creek  enters  the  lower  Flathead 
River  10  miles  south  of  Crow  Creek.     On  June  30  it  was  measured 
about  2  miles  above  the  mouth  of  Mission  Creek,  and  a  discharge  of 
473  second-feet  was  found.     It  has  its  source  in  a  small  lake  2  miles 
long  and  a  half  mile  wide,  locally  known  as  McDonald  Lake.    This 
body  of  water  could  easily  be  transformed  into  a  large  reservoir  to 
hold  waters  for  all  lands  below.     At  the  time  of  measurement  Post 
Creek  was  carrying  more  than  its  normal  summer  discharge.     Mission 
Creek  is  a  tributary  of  Post  Creek.     It  was  measured  on  June  30  at 
the  highway  bridge  in  the  limits  of  the  village  of  St.  Ignatius,  and  a 
discharge  of  412  second-feet  was  found.     This  stream  is  used  for  irri-- 
gation  more  than  the  other  two  creeks,  its  waters  serving  the  lands 
around  the  mission.     The  principal  ditch  is  taken  out  about  1,000  feet 
above  the  highway  bridge.     It  is  4.7  feet  wide,  with  a  capacity  of  100 
second-feet.    At  the  time  of  the  visit  the  ditch  was  carrying  24  second- 
feet.     Jocko  River,  a  tributary  of  lower  Flathead  River,  was  measured 
on  June  30,  at  the  Northern  Pacific  Railway  bridge,  and  a  discharge  of 
660  second-feet  was  found.     Water  from  this  stream  is  used  to  a  lim- 
ited extent  for  irrigation  purposes  in  Jocko  Valley,  and  also  at  the 
Indian  agency  near  Arlee,  where  a  ditch  has  been  constructed  by  the 
Government  for  the  use  of  the  Indians. 

SWAN  RIVER  NEAR  HOLT,   MONTANA. 

This  river  lies  in  the  basin  or  valley  in  northwestern  Montana 
formed  by  the  Swan  Range  on  the  east  and  the  Mission  Range  on  the 
west.  It  flows  northerly,  entering  Flathead  Lake  At  its  upper  end, 
within  a  short  distance  of  the  mouth  of  the  upper  Flathead  River. 
During  the  season  of  1900  private  surveys  were  prosecuted,  with  the 
idea  of  developing  the  water  power  of  this  stream  near  its  mouth  and 
transmitting  electric  power  to  Ealispell,  15  miles  distant,  in  an  air 
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line.  The  gaging  station,  which  was  established  by  Prof.  F.  D.  Smith 
on  June  28,  1900,  is  at  the  highway  bridge  3  miles  east  of  Holt  and 
a  short  distance  above  the  mouth  of  the  river.  A  wire  gage  was  placed 
with  a  pulley  distance  of  1.23  feet  and  a  length  of  cable  from  the  end 
of  the  weight  to  the  index  marker  of  21.65  feet.  The  bed  of  the  river 
is  rocky  and  gravelly.  Above  the  station  the  stream  has  a  consider- 
able fall  for  a  mile  or  more,  making  a  long  course  of  beautiful  rapids. 
On  June  28  a  measurement  of  discharge  was  made  by  Professor  Smith, 
and  a  gage  height  of  4.10  feet  and  discharge  of  0.39  second-foot  were 
found.  The  observer  is  E.  L.  Sliter,  who  also  has  charge  of  the  gage 
at  the  lake. 

Daily  gage  height,  in  feet,  of  Swan  River  near  Holt,  Montana,  for  1900. 


Day. 

Jane. 

Jnly. 

Aug. 

Day. 

Jane. 

Jaly. 

Aug. 

1         Day. 

1 

Jane. 

Jaly. 

Aag. 

1 

3.60 
3.60 
3.40 
3.30 
3.10 
2.90 
2.80 

1.60 
1.60 
1.60 
1.40 
1.40 

1 

12 

2.20 
2.10 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 
1.60 
1.60 

23 

l.CO 
1.60 
1.60 
1.70 
1.70 
1.70 
1.80 
1.80 
1.70 

2 

13 

24 

3 

14 

25 

4 

15 

26 

5 

16 

27 

6 

17 

28 

4.10 
4.00 
8.70 

7 

18 

29 

--".•-• 

8 

19 

30 

9 

2.60 
2.30 
2.30 

1 

1 

20 

81 

10 

21 

11 

22 

•     •  •* 

FLATHEAD   LAKE  NEAR  HOLT,  MONTANA. 

On  April  24,  1900,  Prof.  F.  D.  Smith  established  a  station  on  this 
lake  near  its  head.  The  gage  is  a  vertical  rod  fastened  securely  to 
the  logs  of  the  boathouse  of  the  Flathead  Club,  of  Helena.  It  is  about 
2  miles  east  of  the  mouth  of  Flathead  River.  Owing  to  the  height  of 
the  lake  at  the  time  of  the  erection  of  the  gage,  an  additional  length 
will  have  to  be  added  at  the  lower  end  when  the  level  is  at  a  lower 
stage.  The  lake  was  calm  at  the  time  of  the  erection  of  the  gage,  and 
read  7.05  feet;  forty-four  hours  later  the  gage  at  Poison,  at  the  lower 
end  of  the  lake,  read  7.15  feet.     The  observer  is  E.  L.  Sliter. 

Daily  gage  height,  in  feet,  of  Flathead  Lake  near  Holt,  Montana,  for  1900, 


Day. 

Apr. 

May. 

Jane. 

Jaly. 

Aag. 

Day. 

Apr. 

May. 

Jane. 

Jaly. 

Auff. 

1 

7.70 

"7.80 

7.90 

7.95 

8.06 

8.30 

8.50 

9.00 

920 

9.60 

10.80 

10.60 

10.60 

10.80 

11.30 

12.00 

10.05 
9.80 
9.70 
9.70 
9.60 
9.53 
9.60 
9.40 
9.30 
9.30 
9.20 
9.20 
9.10 
9.00 
9.00 
9.00 

8.80 
8.60 
8.30 
8.10 
8.00 
7.80 
7.60 

4.50 
4.40 
4.20 
4.00 
4.00 

17 

12.60 
12.20 
12.00 
U.70 
11  50 
IX.  80 
11.10 
11.00 
10.90 
10.80 
10.90 
10.60 
10.60 
10.20 
10.10 

9.00 
8.90 
8.85 
8.90 
9.00 
9.00 
9.00 
9.03 
9.00 
9.00 
9.00 
8.90 
8.80 
8.90 

6.40 

2    

18 

6.00   

3    

19 

6.20 
6.00 
5.90 
5.80 
5.70 
6.50 
5.30 
6.20 
6.00 
4.80 
4.80 
4.70 
4.60 

i    

20 

5    

21 

6 

22 

_     _ 

7    

23 

8    

24 

7.00 
7.10 
7.20 
7.40 
7.50 
7.60 
7.66 

9 

7.40 
7.30 
7.20 
7.10 
6.90 
6.80 
6.60 
6.60 

25 

10 

36 

u 

27 

28 

12    

13 

29 

14    

30 

16 

31 

16 

— r"z— ^."^ 
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FLATHEAD  LAKE   AT  POLSON,  MONTANA. 

This  station,  which  is  at  the  lower  end  of  the  lake,  at  the  Poison 
post-office,  was  established  by  Prof.  F.  D.  Smith  on  April  20,  1900 
The  gage  is  a  16- foot  rod,  graduated  to  feet  and  tenths,  and  naUed 
to  a  double  pile  of  the  abandoned  steamboat  pier  near  the  outlet  of 
the  lake.  From  year  to  year  the  lake  has  a  variation  in  height  of 
perhaps  15  feet,  and  overflows  much  land  at  both  ends.  At  the  time 
of  the  erection  of  the  gage  the  level  of  the  low  water  was  about  5  feet 
above  the  low- water  mark  of  1899  and  1890,  and  measurements  made 
at  an  old  submerged  pier  showed  the  water  to  be  about  6  feet  above 
the  lowest  stage  remembered.  The  observer  is  Henry  Therriault, 
postmaster  and  Indian  trader  at  Poison. 

Daily  gage  height,  in  feet,  of  Flathead  Lake  at  Poison,  Montana,  for  1900. 


1. 

8. 

3 

4. 

6 

0. 

7. 

8. 

9. 
10. 
U. 
IS. 
18. 
U. 
16. 
10. 
17. 
18. 
19. 
280. 
21. 


M. 


27. 
28. 

29. 

ao. 

31. 


Day. 


Apr.   '  May. 


6.60 
6.65 


6.85 
6.05 
7.15 
7.40 
7.40 
7.60 
7.60 
7.60 


7.70 

7.80 

7.90 

7.06 

8.25 

8.40 

8.60 

8.96 

9.15 

9.90 

9.45 

9.66 

10.05 

10.60 

11.10 

11.40 

11.65 

11.60 

11.56 

n.60 

11.60 

11.66 

11.45 

11.85 

11.20 

11.10 

10.80 

10.75 

10.56 

10.40 

10.20 


June. 

Jnly. 
8.75 

Aug. 

10.05 

5.40 

9.86 

8.70 

6.80 

9.70 

8.60 

6.20 

9.60 

8.60 

6.20 

9.60 

8.50 

5.20 

9.60 

8.80 

5.10 

9.60 

8.05 

6.10 

9.45 

7.75 

6.00 

9.40 

7.60 

4.90 

9.40 

7.55 

4.90 

9.40 

7.35 

4.80 

9.40 

7.20 

4.80 

9.30 

7.05 

4.70 

9.30 

6.86 

4.70 

9.20 

6.70 

4.60 

9.05 

6.70 

4.60 

8.06 

6.70 

4.60 

9.U0 

6.60 

4.60 

9.00 

6.60 

4.60 

9.00 

6.35 

4.40 

9.05 

6.15 

4.80 

9.10 

6.00 

4.20 

9.15 

6.95 

4.10 

9.15 

5.90 

4.00 

9.00 

5.80 

4.00 

9.00 

6.70 

4.00 

8.05 

5.60 

4.00 

8.90 

5.60 

4.00 

8.90 

5.50 

4.00 

8.90 

6.40 

4.00 

5.40 

4.00 

t 

Sept 


4.00 
4.10 
4.10 
4.20 
4.80 
4.80 
4.80 
4.80 
4.30 
4.30 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.00 


Oct 


4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


Noy.     Dec. 


4. 

4. 

4 

4. 

4. 


10 
10 
20 
.20 
30 
4.80 
4.40 
4.40 
5.00 
5.00 
5.00 
5.10 
5.10 
5.10 


5.10 
5.10 
5.10 
5.00 
4.90 
4.80 
4.80 
4.70 
4.60 
4.60 
4.60 
4.40 
4.40 
4.30 
4.20 
4.10 
4.00 
4.00 
4.00 
8.90 
3.80 
8,70 
3.70 
60 
60 
8.50 
3.60 
8.50 
8.40 
3.40 


3. 
3. 


3.50 
8.00 

an) 

3.60 
3.80 
8.80 
3.80 
8.80 
3.90 
a90 
3.90 
4.00 
4.  (JO 

4.  no 

4.00 
4.00 
4.00 
4.00 
4. 00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
8.90 
3.90 
3.90 


SPOKANB   RIVER  AT   SPOKANE,  WASHINGTON. 

This  station,  established  October  17,  1896,  by  C.  C.  Babb,  is  a  short 
distance  above  the  Spokane  Falls,  at  the  bridge  of  the  Oregon  Rail- 
way and  Navigation  Company.  It  is  described  in  Water-Supply  and 
IiTigation  Paper  No.  38,  page  370.  The  results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
424.  During  1900  thi'ee  measurements  of  discharge  were  made  by 
D.  L.  Huntington,  general  manager  of  the  Washington  Water  Power 
Company,  at  the  Division  street  bridge,  within  the  limits  of  the  city 
and  a  short  distance  below  the  bridge  at  which  the  regular  gaging 
station  is  located.     On  September  15,  when  the  height  on  the  United 
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States  Geoli^cal  Survey  rod  was  1.6  feet,  thu  water  level  at  tli»  Divi- 
sion street  bridf^,  referred  to  tlie  txtttom  of  a  certain  I  beam  of  tlie 
bridge,  was  16.245  feet,  and  the  dist-harge,  as  measured  by  a  Price 
meter,  was  2,029  second-feet.  On  October  13  the  gage  height  watt  1.80 
fe«t,  the  water  level  at  the  DiviBion  street  bridge,  referred  to  the 
same  datum,  was  16.14  feet,  and  the  discharge  was  2,33.S  second-feet. 
On  October  20  the  gage,  height  was  1.8  feet,  the  water  level  at  the 
Division  street  bridge  16,09  feet,  and  the  dischai^  2,287  second-feeb. 
During  1900  the  following  measurements  of  dischai^e  were  made  at 
the  regular  station  by  Sydney  Arnold: 

May  17:  Gags  height,  6.5  feet;  discharge,  13,618  aeccmd-feet. 

June  14:  Gage  height,  4.1  feet;  diachorge,  7,403  second-feet. 

Daily  gage  height,  in  feel,  of  Spokane  River  at  Spokane,  Waihington,  for  I!>00. 


D«r-                  JftD, .  Feb, 

S:--::::::::::::::::::::::l!:!8  a 

.as   3.«   j.oft 


e.GO     3.«0,2.8U 


s.m  ■  i.(fi  I  ;.iu  1 1 


7t, 

1 

:S 

■  ]{' 

]{ 

.TS  I  2.m 

TO  I  2.  BO 
70  3. 10 
ni  I  3.80 

miAa 

70  I  3.501 
7S  '  3.  fiO  ' 
7I>    3 

.m   3. 

.00  i  3. 
.80  3. 
.80  I  B. 
80    3. 


.00     3.ai 


LAKE   CHELAN   AT  LAKESIDE,  WASHINGTON. 

This  station  is  described  in  Water-Supply  Paper  No.  38,  page  371. 
The  gage  was  established  by  Oapt.  Charles  Johnson  on  September  1, 
1897,  at  the  base  of  the  rock  pier  on  the  lake  shore  north  of  his  house, 
about  a  half  mile  from  the  steamboat  landing.  The  bench  mark  is  a 
United  States  Geological  Survey  iron  post,  with  the  elevation — 1,121 
feet  above  the  sea  level — stamped  on  the  top.  It  is  just  21  feet  above 
the  datum  of  the  gage,  so  that  to  obtain  the  elevation  of  the  surface 
of  the  lake  above  sea  level  1,100  feet  should  be  added  to  the  rod  read- 
ings.    No  records  of  the  height  of  the  lake  were  taken  during  1900. 
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NACHES  RIVER  AT  NORTH  YAKIMA,  WASHINGTON. 

The  original  station  on  this  river  was  established  August  14,  1893, 
was  abandoned  in  1897,  and  another  was  established  February  1, 1898. 
Measurements  are  made  from  the  downstream  side  of  the  highway 
bridge  about  300  feet  above  the  Northern  Pacific  Railroad  bridge. 
The  river  has  considerable  fall,  and  the  water  can  easily  be  diverted 
by  means  of  comparatively  short  canals.  *  On  this  account  it  is  of 
great  value  for  irrigation  and  power  purposes,  and  is  the  source  of 
water  supply  and  power  for  the  Yakima  Wat»er,  Light  and  Power  CJom- 
pany.  Results  of  measurements  will  be  found  as  follows:  For  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  355;  for  1898,  Twentieth 
Annual  Report,  Part  IV,  page  503;  for  1899,  Twenty-first  Annual 
Report,  Part  IV,  page  426.  During  1900  the  following  measurements 
were  made  by  Sydney  Arnold: 

Discharge  measurements  of  Naches  River  at  North  Yakima,  Wa^shittgton, 


Date. 


1900. 

April  27 

Mays 

May  24 

May  29 


Oaflre  Dis- 

heignt.     charge. 


Feet. 
6.80 
8.10 
7.00 
6.86 


8ec.-feet. 
2,000 
4,914 
1,988 
1,955 


Date. 


1900. 

June4 

July  17 

Angnst  1 


Oaffe 
height. 


Feet. 
6.86 
5.70 
5.45 


Dis- 
charge. 


Sec-feet 

1.906 

670 

4M 


Daily  gage  height,  in  feet,  of  Naches  River  at  North  Yakima,  Washington,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

! 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not.    Dec 

1 

7.20 
7.10 
7.00 
6.90 
6.80 
6.60 

att.60 
6.60 
6.60 
6.60 
6.60 
6.60 
9.70 

a9.10 
8.60 
8.10 
7.90 
7.80 
7.70 
7.60 

a7.50 
7.40 
7.30 
7.20 
7.10 
7.00 
6.90 

a6.85 
6.80 
6.80 
6.70 

6.60 
6.50 
6.60 

a6.45 
6.40 
6.40 
6.30 
6.80 
6.20 
6.20 

a6.35 
6.60 
6.40 
6.80 
6.20 
6.10 
6.10 

a6.10 
6.10 
6.10 
6.10 
6.20 
6.40 
6.40 

a6.8& 
6.30 
6.80 
6.20 

6.20 
6.20 
6.20 

a6.20 
6.20 
6.20 
6.20 
6.40 
6.50 
6.70 

a7.30 
7.90 
7.90 
7.80 
7.70 
7.60 
7.50 

a7.55 
7.60 
7.60 
7.70 
7.70 
7.70 
7.60 

a7.60 
7.60 
7.50 
7.40 
7.20 
7.20 
7.30 

a7.40 
7.50 
7.80 
7.70 
7.60 
7.60 
8.20 

a8.05 
7.90 
7.80 
7.50 
7.40 
7.40 
7.80 

a7.a5 
7.20 
7.20 
7.20 
7.40 
7.80 
7.30 

a7.20 
7.10 
7.00 
6.90 
6.90 
6.80 
6.70 

06.75 
6.80 

7.00 
7.30 
7.60 
8.00 
8.00 
8.00 
8.00 
8.20 
8.10 
8.00 
8.00 
8.00 
7.80 
7.60 
7.40 
7.40 
7.30 
7.80 
7.20 
7.20 
7.20 
7.10 
7.00 
7.00 
6.90 
7.10 
7.05 
7.00 
6.80 
6.70 
6.60 

6.60 
6.60 

a6.6& 
6.70 
6.90 
7.40 
7.20 
7.10 
7.10 

a6  90 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 

a6.66 
6.60 
6.60 
7.10 
7.  0 
7.20 
6.90 

a6.75 
6.00 
6.50 
6.40 
6.30 
6.80 
6.20 

a6.10 
6.00 
6.00 
5.90 
5.90 
5.90 
6.80 

a5.75 
5.70 
5.70 
5.70 
5.70 
5.60 
5.60 

a6.55 
5.50 
5.50 
5.50 
5.40 
5.40 
5.40 

a5.50 
5.60 
5.60 
5.60 
5.60 
5.50 
5.50 
5.50 
5.50 

5.50 
5.50 
5.40 
6.40 
5.85 
5.80 
5.80 
5.80 
5.30 
5.30 
5.30 
5.75 
5.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.10 
6.10 
6.10 
5.20 
520 
5.80 
5.40 
5.50 
5.40 
5.80 
5.20 
6.20 

5.20 

a5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 

a5.26 
5.80 
5.80 
5.80 
5.80 
5.80 
5.30 

a5.45 
5.00 
5.60 
5.50 
5.50 
5.40 
5.40 

a5.40 
5.40 
5.40 
5.40 
5.40 
5.80 
5.80 
5.80 

5.80 
5.80 
5.80 
5.80 
5.80 
5.80 

a5.80 
5.80 
5.80 
5.80 
5.80 
5.20 
5:20 

a5.20 
5.20 
5.20 
5.20 
5.20 
5.80 
5.80 

a6.00 
6.70 
6.90 
6.80 
6.60 
6.40 
6.20 
6.10 
6.00 
6.00 
6.90 

6.00  '    6lO0 

2 

6.10   a6.65 

3 

6.80      d.70 

4 

a6.25  1    7.10 

5 

6.80  ,    7.90 

6 

6.20  1    8.20 

7 

6.10      8.00 

8 

6.80      7.80 

9 

10 

6.80   a7.eO 
6.80      7.40 

11 

12 

a6.86 
6.80 
6.80 
6.80 
6.80 
6.40 
6.40 

7.30 
6.90 

18 

6.90 

14 

6.80 

16 

6.80 

16 

17 

a6.80 
A.M] 

18 

a6. 40      <L  70 

19 

6.40      a.00 

20 

6.40  1    6.90 

21 

22 

6.40      8.40 
6.80      8.  ID 

28 

6.80 
6.80 
a6.40 
6.50 
6.60 
6.40 
6.80 
6.30 

aT.aS 

24 

26 

7.60 
7.40 

26 

27 

7.80 
7-10 

28 

6.99 

29 

30 

6.80 
a6.60 

31 

6.40 

aEBtimated. 
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YAKIMA  RIVER  AT  UNION   GAP,  WASHINGTON. 

This  river  has  its  source  in  Keechelus  Lake,  on  the  east.ern  slope  of 
the  Cascade  Mountains,  in  Kittitas  County,  Washington.  A  short  dis- 
tance down  it  receives  the  waters  of  Kachess  Lake,  and  2^  miles  above 
Clealum  it  receives  the  outlet  of  the  last  of  the  three  large  headwater 
lakes,  namely  Lake  Clealum.  The  valley  of  the  river  is  compara- 
tively narrow  until  the  vicinity  of  EUensburg,  where  considerable 
irrigation  is  practiced,  is  reached.  There  it  widens,  and  at  the  lower 
end  of  that  valley  it  enters  a  canyon  20  miles  long.  After  entering 
Yakima  County  it  flows  into  Selah  Valley,  a  plain  4  miles  in  length, 
at  the  lower  end  of  which  it  passes  through  a  narrow  gap  to  enter 
Takima  Valley.  This  section  is  extensively  irrigated,  being  served 
principally  by  canals  from  Naches  River.  Six  miles  below  North 
Yakima  the  river  passes  through  what  is  known  as  Union  Gap,  and 
then  enters  its  lower  valley — comprising  the  Parker  and  Sunnyside 
districts  and  the  Yakima  Indian  Reservation — which  extends  to 
Kiona.  Yakima  River  enters  Columbia  River  23  miles  below  this 
point,  and  just  above  the  town  of  Pasco. 

The  gaging  station  at  Union  Gap  was  established  August  14, 1893. 
It  is  6  miles  below  North  Yakima,  about  1,000  feet  below  the  highway 
bridge,  and  about  3  miles  above  the  head  gate  of  the  Sunnyside  canal. 
The  gage  rod  is  inclined,  and  is  attached  to  a  willow  stump  and  to  posts 
set  in  the  ground.  The  bench  mark  is  the  highest  point  of  a  large 
rock  mound  25  feet  north  of  the  gage  and  10  feet  east  of  the  fence, 
and  is  at  an  elevation  of  17.52  feet  above  gage  datum.  The  equip- 
ment consists  of  cable,  car,  and  tagged  wire.  The  station  is  of  value 
in  determining  the  amount  of  water  available  for  the  extensive  irri- 
gable lands  below.  The  results  of  measurements  will  be  found  as 
follows:  For  1896,  Eighteenth  Annual  Report,  Part  IV,  page  358; 
for  1897,  Nineteenth  Annual  Report,  Part  IV,  page  479;  for  1898, 
Twentieth  Annual  Report,  Part  IV,  page  500;  for  1899,  Twenty-first 
Annual  Report,  Part  IV,  page  427.  During  1900  the  following  meas- 
urements of  discharge  were  made  by  Sydney  Arnold : 

May  25:  Ghage  height,  6.45  feet;  discharge,  4,728  second-feet 
May  80:  Gage  height,  6.20  feet;  discharge,  4,110  second-feet. 
August  1:  Gage  height,  4.40  feet;  discharge,  1,051  second-feet. 
September  1:  Gage  height,  4.40  feet;  discharge,  1,066  second-feet. 
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Daily  gage  height  ^  in  feet,  of  Yakima  River  at  Union  Chipj  Washington,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

An«. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

7.2 
7.1 
6.8 
6.7 
6.6 
6.5 
6.4 
6.4 
6.3 
6.2 
9.2 
10.7 
9.6 
10.7 
10.7 
9.6 
9.0 
8.5 
8.2 
8.1 
8.0 
7.8 
7.4 
7.2 
7.1 
7.0 
6.9 
6.7 
6.6 
6.6 
6.5 

6.5 
6.4 
6.3 
6.2 
6.2 
6.1 
6.1 
6.0 
6.0 
6.0 
6.2 
6.2 
6.1 
6.1 
6.0 
5.9 
6.9 
5.9 
5.8 
5.9 
6.9 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
6.1 

6.0 
6.0 
6.0 
6.0 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
7.0 
8.0 
8.4 
8.6 
8.3 
8.1 
8.0 
8.1 
8.2 
8.3 
8.2 
8.2 
8.1 
7.9 
7.8 
7.6 
7.5 
7.4 
7.3 
7.3 

7.2 
7.4 
7.9 
8.0 
8.1 
7.9 
8.3 
8.6 
8.4 
8.0 
7.8 
7.6 
7.5 
7.5 
7.4 
7.4 
7.3 
7.4 
7.4 
7.3 
7.3 
7.8 
7.1 
6.9 
6.8 
6.6 
6.5 
6.5 
6.6 
6.7 

6.7 
6.9 
7.1 
7.8 
8.2 
8.3 
8.2 
8.1 
8.0 
8.0 
8.0 
8.0 
7.8 
7.6 
7.4 
7.3 
7.8 
7.1 
7.0 
6.9 
6.8 
6.8 
6.7 
6.6 
6.5 
6.5 
6.5 
6.5 
6.4 
6.2 
6.1 

6.0 
6.0 
6.0 
6.1 
6.2 
6.1 
6.2 
6.2 
6.8 
6.4 
6.2 
6.2 
6.1 
6.2 
6.1 
6.1 
6.1 
6.1 
6.1 
6.2 
6.3 
6.5 
6.4 
6.2 
6.1 
6.1 
6.0 
5.9 
5.8 
6.7 

6.6 
6.6 
6.5 
5.4 
5.4 
5.3 
5.3 
5.2 
6.2 
5.1 
6.0 
5.0 
4.9 
4.9 
4.9 
4.8 
4.8 
4.8 
4.7 
4.7 
4.7 
4.7 
4.7 
4.6 
4.6 
4.6 
4.6 
4.5 
4.5 
4.5 
4.5 

4.4 
4.4 
4.4 
4.3 
4.3 
4.3 
4.2 
4.2 
4.2 
4.2 
4.3 
4.3 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.0 
4.0 
4.0 
4.0 
4.2 
4.3 
4.5 
4.6 
4.5 
4.4 

4.4 

4.3 
4.2 
4.2 
4.3 
4.3 
4.3 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.6 
4.6 
4.5 
4.6 
4.4 
4.4 
4.4 
4.5 
4.6 
4.7 
4.7 
4.6 
4.6 
4.6 
4.6 

4.6 
4.4 
4.4 
4.4 

4.4 
4.4 
4.6 
4.6 
4.5 
4.4 
4.4 
4.4 
4.4 
4.4 
4.8 
4.3 
4.3 
4.3 
4.6 
4.6 
6.1 
6.2 
7.1 
6.9 
6.8 
6.6 
6.4 
6.2 
6.1 
6.0 
6.9 

6.9 
5.9 
6.1 
6.2 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.1 
6.0 
6.0 
5.0 
6.8 
5.7 
6.7 
6.9 
6.0 
6.0 
5.9 
5.7 
6.8 
5.8 
5.9 
6.0 
6.0 
6.0 
6.9 
6.9 

6.4 

2 

6.4 

3 

6.5 

4 

6.6 

5 

6.9 

6 

8.9 

7 

9.1 

8 

8.7 

9 

8.2 

10 

7.8 

11 

7.4 

12 

13 

14 

15 

7.1 
7.0 
6.B 
6.8 

16 

6.8 

17 

6.9 

18 

6.8 

19 

6.7 

20 

6.6 

21 

22 

7.8 
8.3 

25J 

8.0 

24 

7.6 

25 

7.4 

28 

7.2 

27 

7.0 

28 

6.6 

29 

30 1 

31 

6  4 
6.4 
6.3 

YAKIMA  RIVER   AT  KIONA,    WASHINGTON. 

This  station,  established  August  20, 1895,  is  on  the  highway  bridge 
at  Kiona.  It  is  described  in  Water-Supply  Paper  No.  38,  page  375. 
Results  of  measurements  will  be  found  as  follows :  For  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  359;  for  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  484;  for  1898,  Twentieth  Annual  Report,  Part 
IV,  page  502;  for  1899,  Twenty-first  Annual  Report,  Part  IV,  page 
428.  During  1900  the  following  discharge  measurements  were  made 
by  Sydney  Arnold : 

May  5:  Gage  height,  8.56  feet;  discharge,  8,812  seoond-feet. 
May  28:  Gage  height,  6.70  feet;  discharge,  4,450  second-feet. 
Jane  7:  Gage  height,  6.68  feet;  discharge,  4,851  second-feet. 
June  29:  Gage  height,  5.60  feet;  discharge,  2,987  aecond-feet. 
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DaUygage  height ,  in  feet ^  of  Yakima  River  at  Kiona,  Washington^  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Ang. 

Sept. 

3.50 
8.69 
8.66 
8.56 
3.68 
3.60 
8.62 
3.62 
8.62 
3.68 
8.60 
8.64 
8.48 
8.56 
8.60 
3.61 
3.62 
a87 
a  80 
a  76 

a  71 
a  68 
a  76 
a  82 
aoo 
a  02 
a  08 

4.05 

4.10 

4.14 



Oct. 

Nov. 

Dec 

1 

8.60 
8.02 
7.88 
7.61 
7.28 
7.14 
7.00 
6.01 
6.88 
6.80 
6.72 
6.70 
7.16 
11.50 
12.24 
11.40 
10.52 
0.80 
0.40 
0.80 
0.12 
8.04 
8.68 
8.51 
8.10 
7.84 
7.67 
7.36 
7.16 
7.06 
7.06 

6.94 
6.78 
6.68 
6.57 
6.64 
6.38 
6.30 
6.40 
6.32 
6.28 
6.27 
6.60 
6.71 
6.60 
6.66 
6.26 
6.30 
5.00 
6.24 
6.34 
6.83 
6.42 
6.84 
6.86 
6.78 
6.70 
6.62 
6.48 

6.48 
6.37 
6.29 
6.38 
6.46 
6.41 
6.38 
6.86 
6.99 
7.09 
7.36 
8.10 
9.27 
9.76 
9.80 
9.60 
9.86 
9.20 
0.12 
9.20 
9.26 
9.20 
0.16 
9.20 
0.06 
8.80 
8.90 
8.78 
8.60 
8.20 
8.10 

7.06 
8.06 
8.70 
0.06 
0.00 
8.92 
8.89 
9.56 
9.70 
9.43 
9.08 
8.60 
8.36 
8.86 
8.36 
8.22 
8.07 
8.00 
7.96 
8.  OB 
8.12 
7.98 
7.70 
7.60 
7.30 
7.25 
7.W 
6.96 
6.80 
6.98 

7.82 
7.70 
7.96 
8.80 
8.66 
8.60 
8.78 
8.88 
8.92 
8.90 
8.70 
8.66 
8.56 
8.32 
8.18 
7.82 
7.70 
7.70 
7.60 
7.20 
7.10 
7.18 
7.06 
6.86 
&80 
6.74 
6.66 
6.66 
6.40 
6.83 
6.25 

6.14 
6.00 
6.00 
6.10 
6.20 
6.88 
6.41 
6.48 
6.56 
6.50 
6.63 
6.46 
6.30 
6.20 
6.13 
6.00 
6.96 
6.96 
6.00 
6.00 
6.10 
6.06 
6.00 
6.00 
6.00 
6. 06 
6.98 
6.80 
6.68 
6.66 

6.66 
6.48 
6.80 
6.18 
6.06 
4.94 
4.86 
4.80 
4.80 
4.78 

3.63 
8.68 
3.68 
8.68 
8.56 
8.58 
8.60 
3.48 
3.78 
3.40 

4.14 
4.20 
4.16 
4.18 
4.10 
4.06 
4.06 
4.06 
4.06 
4.02 
4.00 
a  05 
a  96 
4.04 
4.10 
4.18 
4.26 
4.40 
4.52 
4.55 
4.60 
4.72 
4.78 
4.85 
4.92 
6.02 
5.16 
5.20 
5.28 
5.82 
6.40 

5.60 
6.68 
6.76 
6.90 
6.0U 
6.20 
6.86 
6.46 
6.66 
6.64 
6.70 
6.76 
6.76 
6.80 
6.86 
6.96 
6.87 
6.80 
6.73 
6.75 
6.80 
6.80 
6.86 
6.86 
6.86 
6.81 
6.90 
7.08 
7.06 
6.96 

7.24 

2 

7.66 

3 

7.70 

4 

8.00 

6 

a  26 

6 

10.20 

7 

10.98 

8 

9 

10.90 
10.70 

10 

10.25 

11    

4.70 

3.86 

9.46 

12 

4.68 
4.50 
4.60 
4.48 

8.40 
3.46 
3.30 
3.28 

9.10 

13 

a  75 

14 

a  40 

15 

a2R 

16 

4.48     3.28 

a  20 

17 

4.40 
4.85 
4.26 

8.26 
3.20 
8.18 

a  16 

18 

a  10 

19 

a  16 

20 

4.24 

3.25 

a  20 

21 

4.21 
4.16 
4.10 
4.08 
8.96 
3.96 
3.90 
3.88 
3.88 
3.86 
8.78 

3.15 
3.11 
3.06 
3.05 
3.10 
3.20 
8.25 
3.66 
3.65 
8.68 
3.64 

a  20 

22 

10.20 

23 

10.40 

10.80 

25 

10.06 

26 

9.32 

27 

9.00 

28 

a  75 

29 

30 

31 

a  82 
a  20 
aoo 

( 

MISCELLANEOUS    DISCHARGE     MEASUREMENTS    IN     YAKIMA     COUNTY, 

WASHINGTON. 

During  the  year  Mr.  Sydney  Arnold  made  miscellaneous  discharge 
measurements  of  a  number  of  streams  in  Yakima  County,  Washing- 
ton, as  described  in  the  following  table  : 

Mi8ceUaneou8  discharge  measurements  in  Yakima,  County,  Washington, 


Date. 


1900. 
May  7 

Do 

July  28 

August  15. . 
Aafni8t24.. 

Do 

August  18. . 

Do 


Stream. 


Wenas  Creek 

do 

Cowiche  Creek 

Atanum  Biyer,  North  Fork 

.....do 

Atanum  Bl ver.  South  Fork 

Klickitat  Biver,  Gold  Fork 

Klickitat  Biver,  Diamond  Fork. 


Locality. 


8ec.83,T.16N.,B.17E 
Sec.l2,T.15N.,R.17B 
Sec.a6.T.14N.,RldE 
8ec.l8,T.12N.,R.16B 
Sec.l2,T.12N.,B.16E 
Sec.32,T.12N.,B.16E 

Near  mouth 

do 


Dis- 
charge. 


8ec,-feet 

40 

85 

1 

17 

24 

9 

48 

114 


PALOU8E  RIVER  NEAR  HOOPER,  WASHINGTON. 

This  station,  established  September  9,  1897,  is  opposite  the  water 
tank  of  the  railroad  company  near  Hooper.  It  is  described  in  Water- 
Supply  Paper  No.  38,  page  360.  The  discharge  measurements  are 
made  from  a  car  suspended  from  a  light  steel  cable  about  50  feet 
above  the  gage.  Results  of  measurements  will  be  found  as  follows: 
For  1897,  Nineteenth  Annual  Report,  Part  IV,  page  460;  for  1898, 
Twentieth  Annual  Report,  Part  IV,  page  489;  for  1899,  Twenty-first 
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Annual  Report,  Part  IV,  page  414.     During  1900  one  discharge  meas- 
urement was  made  by  Sydney  Arnold,  as  follows: 

Jnne  6:  Gage  height,  2.95  feet;  discharge,  288  second-feet. 

DaUy  gage  height  y  in  feet,  of  PaJouse  River  near  Hooper ,  Washington,  for  1900. 


Day. 

Apr. 

May. 

Jnne. 

July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec. 

1 

4.80 
4.60 
4.40 
4.80 
4.46 
4.70 
4.60 
5.00 
4.70 

4.eo 

4.60 
4.20 
4.10 
8.90 
4.00 
4.80 
4.00 
8.80 
8.70 
8.60 
8.60 
8.60 
8.86 
8.20 
8.10 
8.00 
8.26 
8.80 
3.80 
8.40 

8.70 
8.66 

d.ao 

8.50 
8.45 
8.40 
a40 
8.60 
8.40 
8.86 
8.86 
8.80 
8.26 
8.20 
8.65 
8.70 
8.90 
4.80 
4.60 
4.20 
8.90 
8.70 
8.80 
8.60 
8.66 
8.60 
8.60 
8.40 
3.60 
8.60 
8.40 

3.80 
8.25 
8.20 
8.10 
8.00 
2.90 
2.80 
2.80 
2.80 
2.70 
2.00 
2.66 
2.60 
2.45 
2.45 
2.40 
2.85 
2.80 
2.80 
2.80 
2.80 
2.45 
2.40 
2.80 
2.10 
2.10 
2.06 
2.00 
2.00 
1.00 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.66 
1.66 
1.66 
1.66 
1.66 
1.00 
1.55 
1.56 
1.56 
1.56 

1.55 
1.56 
1.55 
1.56 
1.60 
1.60 
1.60 
1.60 
1.46 
1.45 
1.45 
1.46 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.86 
1.85 
1.80 
1.80 
1.86 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.50 
1.60 
1.86 
1.80 
1.26 
1.26 
1.26 
1.80 

1.86 
1.40 
1.60 
1.70 
1.75 
1.80 
1.90 
2.00 
2.10 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.10 
2.80 
2.86 
2.50 
2.00 
2.70 
2.76 
2.80 
2.80 
2.80 
2.70 
2.00 

2.00 
2.60 
2.45 
2.40 
2.80 
8.20 
8.10 
8.00 
1.80 
1.70 
1.00 
1.60 
1.50 
1.40 
1.40 
1.80 
1.40 
1.45 
1.60 
1.40 
1.80 
1.40 
1.60 
1.70 
1.70 
1.80 
1.90 
2.00 
8.40 
8.10 

3.00 

2 

3.80 

8 

3.40 

4 

8.40 

5 

a70 

6 

4.10 

7 

4.30 

8 

4.50 

e 

4.00 

10 

4.50 

11 

4.30 

12 

4.10 

18 

8.90 

u 

8.70 

16 

aeo 

16 

17 

a  80 
aoo 

18 

4.20 

19 

4.00 

20 

4.96 

21 

5.30 

22 

5.50 

28 

a7o 

24 

6.40 

25 

5.90 

26 

5.00 

5.20 

28 

4.90 

28 

4.00 

80 

4.00 

81 

aso 

UMATILLA  RIVER  AT  GIBBON,  ORE(K)N. 

This  station,  established  July  26,  1896,  is  a  half  mile  west  of  the 
railroad  station.  It  is  described  in  Water-Supply  Paper  No.  38,  page 
376.  Results  of  measurements  will  be  found  as  follows:  For  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  361 ;  for  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  493;  for  1898,  Twentieth  Annual 
Report,  Part  IV,  page  515.  There  were  no  measurements  of  dis- 
charge made  at  this  station  in  1899  and  1900. 
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DaHy  ffoge  height^  infeeU  of  Umatilla  River  at  Gibbon,  Oregon,  for  1900. 


Day. 

Apr. 

May. 

1 

2.70 

2 

2.90 

8 

2.90 

4 

2.90 

6 

3.00 

6 

2.85 

7 

2.70 

8 

2.40 

9 

2.30 

10 

2.26 

U 

2.80 

12 

2.20 

13 

2.10 

14 

2.00 

15 

8.90 
8.90 
8.80 
a60 
8.46 
8.36 
8.20 
8.05 
2.90 
2.80 
2.66 
2.56 
2.46 
2.36 
2.26 
2.46 

1.96 

16 

2.35 

17 

2.20 

18 

2.10 

19 

20 

1.96 
1.86 

21 

1.76 

28 

1.66 

28 

1.60 

24 

1.66 

26 

1.45 

26 

1.45 

27 

1.86 

28 

1.26 

29 

1.15 

ao 

1.10 

31 

1.05 

June. 

July. 

Aug. 

1.00 

0.60 

0.30 

.90 

.46 

.80 

.86 

.46 

.30 

.80 

.46 

.80 

.80 

.46 

.30 

.75 

.46 

.30 

.76 

.46 

.30  1 

.70 

.45 

.40  , 

.70 

.40 

.60  ! 

.66 

.40 

.40  1 

.66 

.40 

.40  I 

.66 

.40 

.35 

.66 

.40 

.86 

.66 

.86 

.36 

.70 

.85 

.30 

.70 

.35 

.30 

.66 

.35 

.30 

.66 

.86 

.30 

.66 

.85 

.30 

.66 

.35 

.30 

.66 

.85 

.60 

.60 

.85 

.40 

.60 

.85 

.40 

.66 

.30 

.90 

.66 

.30 

1.50 

.66 

.30 

1.00 

.50 

.80 

.80 

.50 

.30 

.60 

.60 

.80 

.60 

.60 

.80 

.60 

.30 

.60 

0.50 
.50 
.60 
.45 
.45 
.45 
.46 
.46 
.46 
.40 
.40 
.40 
.40 
.40 
.45 
.45 
.46 
.60 
.60  I 
.50  ■ 
.60 
.55 
.56 
1.00 
1.00 
.95 
.85 
.85 
.76 
.70 


Oct. 


0.66 

.70 

.70 

.76 

1.20 

L.10 

1.00 

1.00 

1.00 

.90 

.85 

.&5 

.80 

.80 

.80 

.75 

.75 

.75 

.80 

.85 

.90 

.90 

1.00 

1.05 

1.16 

1.90 

1.80 

1.30 

1.40 

1.60 

2.00 


Nov. 


2.00 
2.00 
2.06 
2.10 
2.00 
1.00 
1.85 


1. 
1. 
1. 
1. 
1. 


,80 
70 
65 
,56 
,60 
1.40 
1.85 
1.25 
1.25 
1.20 
1.20 
1.20 
1.26 
1.25 
1.80 
1.30 
1.86 
1.80 
1.80 
1.76 
1.65 
1.65 
2.10 


Dec. 


2.40 
2.60 
2.70 

aoo 

a  60 

a  10 

2.86 
2.70 
2.60 
2.86 
2.25 
2.05 
1.95 
1.90 
1.90 
1.95 
1.95 
1.95 
2.00 
2.10 
2.95 
2.86 
2.80 
2.70 
2.60 
40 
30 


2. 
2. 


2.15 


1. 
1. 


96 

80 


1.80 


DESCHUTES  RIVER  AT  MORO,  OREGON. 

This  Station  was  established  October  19,  1897,  being  3  miles  above 
what  is  known  as  the  Free  Bridge,  and  16  miles  east  of  The  Dalles. 
It  is  described  in  Water-Supply  Paper  No.*38,  page  377.  Results  of 
measurements  for  1898  and  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  lY,  page  433.  The  station  was  discontinued 
December  31,  1899. 

HOOD  RIVER  AT  TUCKER,  OREOON. 

This  station,  established  October  20,  1897,  is  5  miles  south  of  Hood- 
river,  Oregon.  It  is  described  in  Water-Supply  Paper  No.  38,  page  380. 
Results  of  measurements  for  1898  and  1899  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  435.  The  station  was 
discontinued  December  31,  1899. 


WHITB  RIVER  NEAR  BUCKLEY,  WASHINGTON. 

This  station,  established  April  22,  1899,  is  at  the  new  highway 
bridge  500  feet  above  the  Northern  Pacific  Railroad  bridge  and  a  half 
mile  north  of  the  town  of  Buckley.  It  is  described  in  Water-Supply 
Pax)er  No.  38,  page  381.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  437.     Dur- 
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0PEBATI0K8    AT  BIVEB  STATIONS,  1900. — PART  V.        Cwo.fl. 


ing  1900  the  following  measurements  of  discharge  were  made  by 
Sydney  Arnold: 

May  22:  Gage  height,  1.73  feet;  discharge,  1,826  second-feet. 
June  1:  Gage  height,  1.55  feet;  discharge,  1,560  second-feet. 
Jane  28:  Gage  height,  1.88  feet;  discharge,  2,156  second-feet 

Daily  gage  height,  in  feet  ^  of  White  Rivernear  Buckley  ^  WashingUytiy  for  lyoo. 


Day. 

Jan. 

Feb. 

Mar. 

1.56 
1.65 
1.65 
1.60 
1.60 
1.46 
1.60 
1.80 
1.95 
2.15 

Apr. 

1.70 
2.05 
2.06 
1.95 
1.80 
2.05 
2.40 
2.10 
1.95 
1.80 

May. 

1.60 
1.75 
1.90 
2.15 
2.50 
2.25 
2.15 
2.40 
2.35 
2.35 
2.30 
2. 15 
2.05 
1.96 
1.80 
2.20 
2.05 
1.85 
1.80 
1.80 
1.80 
1.70 
1.60 
1.56 
1.55 
2.10 
1.85 
1.85 
1.75 
1.65 
1.60 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

! 

Nov.  Dec 

1 

1   

2.30 
2.10 
2.06 
1.76 
1.75 
1.75 
1.70 
1.76 
1.65 
2.00 
2.25 
5.60 
5.20 
3.38 
2.90 
2.70 
2.66 
2.60 
2.60 
2.25 
2.10 
1.85 
1.70 
1.63 
1.56 
1.65 
1.60 
1.60 
1.60 
1.35 
1.35 

1.30 
1.26 
1.30 
1.25 
1.25 
1.35 
1.30 
1.30 
1.40 
1.65 
2.30 
2.05 
1.76 
1.60 
1.60 
1.40 
1.36 
1.35 
1.80 
1.25 
2.18 
2.25 
2.06 
1.80 
1.70 
1.65 

i.eo 

1.60 

1.56 
1.65 
1.60 
1.60 
2.15 
1.90 
1.80 
1.90 
1.76 
1.65 

1.60 
1.56 
1.66 
1.60 
1.70 
1.90 
1.80 
1.70 
1.60 
1.55 

1.30 

1.20 

1.15 

1.10 

1.10 

1.06 

1.00 

1.00 

1.00 

.95 

.95 

.96 

1.06 

1.06 

1.00 

.90 

.86 

.85 

.86 

1.00 

1.00 

0.90 
.86 
.85 
.85 
.80 
.80 
.80 

1.00 

1.00 
.90 
.90 
.85 
.85 
.75 
.70 
.65 
.60 
.55 
.55 
.55 
.66 
.55 

1.25 
.95 
.85 
.75 
.00 
.60 
.60 
.60 

0.55 

.55 

.50 

.50 

.60 

.50 

.45 

.45 

.45 

.60 

.55 

.65 

.65 

.65 

.60 

.55 

.55 

.75 

1.00 

1.35 

2.88 

2.60 

1.90 

1.70 

2.75 

2.10 

1.70 

1.60 

1.86 

1.35 

1.95 

1.75 
2.80 
2.80 
1.75 
1.00 
1.46 
1.35 
1.80 

i.ao 

1.20 
1.10 
1.10 
1.10 
1.10 
1.06 
1.05 
1.25 
1.30 
1.15 
.96 
.70 
1.00 
1.10 
1.10 
1.85 
1.96 
1.66 
1.55 
1.76 
2.00 

2  4& 

2 

2.15 

8 

2.75 

4 

6 

6 

3.50 
4.83 
.3.75 

7 

2.75 

8 

2.36 

9 

1.95 

10 

l.To 

11 

3.20  1  1.70 
8.30     1.60 
2.76     1.75 
2.40  1  1.70 
2.30     1.95 
2.15     1.95 
2.06     1.85 
2.05     1.75 
2.00  1  1.76 
1.95  1  1.70 
1.95     1.60 

1.60  :  1.55 

\M 

12 

1.60 
1.70 
1.75 
1.75 
1.65 
1.60 
1.56 
1.90 
2.60 
3.10 
2.70 
2.35 
2.10 
2.20 
2.35 
2.10 
1.85 
1.75 
1.70 

1.50 
1.60 
1.40 
1.36 
1.35 
1.40 
1.30 
1.30 
1.30 
1.40 

1.60 

13 

1.40 

14 

1.65 

16 

1.60 

16  ..i 

l.ia 

17 

1.00 

18 

1.50 

19 

1.45 

20 

S.SO 

21 

2.90 

22 

1.96 
1.80 
1.65 
1.75 
1.70 
1.60 
1.50 
1.60 
1.55 
1.55 

1.65 
1.45 
1.40 
1.40 
1.36 
1.30 
1.25 
1.25 
1.25 

.1.40      .90 
1.35  1  1.05 
1.40     1.20 

2.45 

28 

2.66 

24 

l.Vi 

^ 

L.50 
1.40 
1.30 
1.20 
1.15 
1.20 
1.30 

2.58 
1.60 
1.26 
1.15 
1.00 
.90 
.90 

1.85 

26 

1.811 

27 

l.» 

28 

1.60 

29 

1.0> 

30 

81 

1.45 
1.30 

DUNGBNBS8  RIVER  AT  DUNGENESS,  WASHINGTON. 

This  Station  as  originally  established,  July  5, 1897,  was  9  miles  above 
the  month  of  the  river.  On  July  29, 1898,  it  was  moved  to  the  bridge 
8^  miles  downstream,  or  near  the  mouth.  Owing  to  the  formation  of 
a  sandbar  under  the  rod,  the  gage  was  moved  July  3,  1900,  to  another 
part  of  the  bridge.  In  its  present  location  the  zero  end  of  the  rod  is 
exactly  opposite  the  center  of  the  third  vertical  iron  brace  from  the 
northwest  end  of  the  bridge.  The  length  of  the  wire  gage  cable  is 
24  feet  and  11  inches.  The  station  is  described  in  Water-Supply 
Paper  No.  38,  page  383.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  438.  During 
1900  the  following  measurements  of  discharge  were  made  by  W.  J. 
Ware: 

DiscJuirge  measurements  of  Dungenesa  River  at  Dungeness,  Washington, 


Date. 


190C. 

February  22 

March  22.. 

ApriiaO 

Jane2 

July* 


Gage 
height. 


Feet. 
3.80 
4.20 
4.00 
4.30 
4.60 


Dis- 
charge. 


Sec.-feet. 
324 
710 
456 
483 
606 


Date. 


1900. 

August  31 

September  24... 

October  20 

November  30... 
December  24   .. 


Gage 
hei^t 


ineet. 
&40 
8.55 
a95 
a90 
4.95 


Dla- 
change. 


Sec.-/ett. 

2T4 

418 
450 

880 


Washington. 
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Daily  gage  height^  in  feet  y  of  Dungeness  River  at  Dungeness,  Washington,  for  1900, 


1. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

9 

10. 
U. 
12. 
13. 
U- 
15. 
16. 
17- 
18- 
19. 
20. 
21- 
22. 
23.. 
24.. 
26. 
2B. 
27.. 
28. 
29.. 

ao.. 
a.. 


Day. 


Jan. 


4.40 
4.36 
4.20 
4.10 
4.00 
3.90 
4.60 
5.10 
5.15 
5.20 
5.25 
5.25 
5.35 
5.50 
5.20 
5.00 
4.50 
4.40 
4.30 
4.25 
4.25 
4.25 
4.25 
4.20 
4.20 
4.20 
4.15 
4.10 
4.10 
4.05 
4.00 


Feb. 


3.90 
3.86 
3.80 
3.80 
3.75 
8.70 
3.00 
3.56 
3.60 
3.00 
3.60 
3.60 
3.55 
3.56 
3.60 
3.61) 
3.56 
3.56 
3.56 
3.60 
3.60 
3.66 
3.65 
3.70 
3.66 
3.65 
3.60 
3.55 


Mar. 


3.50 
3.60 
3.45 
3.46 
3.40 
3.35 
3.30 
4.20 
6.60 
9.05 
11.00 
9.10 
7.80 
6.20 
5.00 
4.80 
4.70 
4.60 
4.60 
4.46 
4.40 
4.30 
4.20 
4.10 
4.00 
3.95 
3.90 
3.90 
4.16 
4.20 
4.30 


Apr. 


4.45 
4.50 
5.00 
5.50 
5.90 
5.86 
5.80 
4.80 
4.76 
4.76 
4.70 
4.65 
4.60 
4.50 
4.40 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.00 
3.95 
3.90 
3.90 
3.95 
3.96 
4.00 
4.00 
4.00 


May. 

June. 

4.10 

4.30 

4.20 

4.30 

4.30 

4.40 

4.50 

5.00 

4.70 

5.60 

6.00 

4.40 

6.10 

4.60 

5.25 

4.65 

5.25 

4.00 

5.10 

4.65 

5.00 

4.70 

4.90 

4.80 

4.80 

4.80 

4.70 

4.90 

4.65 

4.90 

4.60 

5.05 

4.60 

5.20 

4.55 

5.50 

4.56 

6.00 

4.50 

7.10 

4.46 

6.20 

4.40 

5.46 

4.30 

6.80 

4.20 

5.20 

4.10 

6.10 

4.05 

6.00 

4.00 

4.96 

4.06 

4.90 

4.10 

4.80 

4.16 

4.76 

4.26 

July. 


4,50 
4.35 
4.60 
4.00 
4.80 
4.66 
4.60 
4.45 
4.40 
4.40 
4.40 
4.35 
4.80 
4.25 
4.30 
4.30 
4.35 
4.40 
4.40 
4.46 
4.45 
4.60 
4.50 
4.40 
4.35 
4.25 
4.20 
4.20 
4.20 
4.20 
4.20 


Aug. 


4.25 
4.20 
4.20 
4.20 
4.15 
4.10 
4.00 
3.90 
3.85 
3.80 
3.75 
3.75 
3.70 
3.70 
3.65 
3.60 
3.66 
3.60 
3.60 
3.60 
3.65 
3.65 
3.70 
3.70 
3.80 
3.76 
3.75 
3.00 
3.60 
3.55 
3.60 


Sept.  I  Oct. 


3.50 
3.60 
3.60 
3.46 
3.46 
3.40 
3.40 
3.40 
3.36 
3.36 
8.80 
3.30 
3.30 
3.25 
3.30 
8.25 
3.20 
3.15 
3.10 
8.20 
3.80 
3.40 
3.60 
3.56 
3.50 
3.46 
3.85 
3.30 
3.20 
3.20 


3.15 
3.16 
3.10 
3.10 
3.05 
8.00 
8.05 
3.00 
3.00 
3.05 
3.05 
3.10 
3.10 
3.10 
3.05 
3.00 
3.10 
3.20 
4.00 
4.20 
4.30 
4.25 
4.20 
4.16 
4.10 
4.00 
3.90 
3.86 
3.80 
8.70 
8.66 


Nov. 


8.60 
3.66 
3.60 
3.60 
3.46 
3.46 
3.40 
8.40 
3.40 
8.40 
3.45 
3.46 
3.  SO 
3.60 
3.46 
3.40 
8.80 
3.30 
3.35 
3.85 
3.40 
8.40 
3.46 
3.60 
3.60 
3.70 
3.80 
3.90 
4.00 
4.15 


I>ec 


4.80 
4.60 
4.80 
5.06 
5.26 
5.25 
6.25 
6.80 
6.60 
6.80 
6.00 
6.20 
6.40 
6.60 
7.00 
7.20 
6.80 
0.60 
6.70 
11.80 
7.30 
5.70 
6.20 
4.90 
4.80 
4.66 
4.60 
4.06 
4.00 
&90 
3.86 


BLWHA  BIVBR  AT  MCDONALD,  WASHINGTON. 

This  station,  established  October  8, 1897,  is  at  the  new  county  bridge 
9  miles  southwest  of  Port  Angeles.  It  is  described  in  Water-Supply 
Paper  No.  38,  page  384.  Results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  439.  During 
1900  the  following  measurements  of  discharge  were  made  by  W.  J. 
Ware: 

Discharge  measurements  of  Elioha  River  at  McDonald,  Washington, 


Date. 


1900. 

March  15 

April  28 

MAySl 

Jane  27 


Dis- 
chargee. 


Sec-feet. 
8,277 
1,109 
1,261 
1,677 


Date. 


1900. 

July20 

August  22 

October  30 

November  29... 


Qage 
height. 


Dis- 
charge. 


Sec.'/eet. 

1,207 

645 

1,471 

1,807 
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Daily  gage  height,  in  feet,  of  Elwha  River  at  McDonald,  Washington,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

2.59 
2.40 
2.83 
2.80 
2.25 
2.28 
2.54 
3.33 
5.54 
7.90 
11.10 
6.60 
6.15 
4.66 
4.40 
4.42 
4.88 
4.12 
3.95 
3.80 
3.78 
3.75 
3.72 
3.69 
3.79 
3.90 
3.42 
3.25 
3.19 
3.16 
3.17 

Apr. 

8.15 
3.15 
3.87 
3.30 
3.28 
6.66 
5.20 
4.19 
3.95 
3.80 
3.56 
3.50 
3.89 

May. 

Juna 

July. 

AufiT. 

Sept. 

Oct. 

Nov. 

Dec 

1 

8.58 
3.40 
8.29 
3.20 
4.05 
3.90 
5.80 
6.35 
5.38 
4.17 
3.87 
6.67 

2.81 
3.02 
3.26 
2.78 
2.75 
2.70 
2.72 
2.60 
2.55 
2.52 
2.35 
2  as 

3.06 
3.60 
8.74 
3.87 
3.96 
3.90 
4.12 
4.15 
3.80 
3.71 
8.80 

3.08 
8.14 
8.38 
4.10 
5.06 
8.90 
8.76 
8.65 
3.50 
3.65 

8.41 
2.80 
2.46 
8.58 
3.50 
8.15 
3.14 
8.09 
3.08 
3.04 
3.14 
3.48 
3.05 
2.94 
8.04 
3.03 
8.00 
2.98 
2.95 
3.07 
8.17 
3.22 
3.42 
3.22 
3.05 
2.96 
2.80 
2.72 
2.77 
2.45 
2.72 

8.06 
3.10 
2.96 
2.00 
2.76 
2.66 
2.66 
2.57 
2.57 
2.68 
2.66 
2.03 
2.70 
2.75 
2.74 
2.82 
2.80 
2.82 
2.69 
2.56 
2.56 
2.83 
3.10 
2.50 
3.16 
2.44 
2.42 
2.U; 
2.28 
2.82 
2.80 

2.29     1.90 
2.28     1.74 

2.21  1.76 

2.16  1.86 
2.07     1.72 

2.22  1.09 
2.28     1.66 
2.40     1.48 
2.38     1.50 
2.21     1.72 

2.17  1.88 

2.05  1.81 
1.97     1.79 
1.96     2.66 
2.02     2.08 
2.00     1.94 

1.88  2.08 
1.85    8.02 

2.06  8.23 
2.17     2.98 
2.12    6.07 
2.42    5.65 
2.96  1  3.65 
2.51     8.08 
2.06    6.58 
1.96    8.40 
1.92    8.14 

1.89  8.21 
1.88     8.24 
1.88     8.80 

3.40 

8.19 
a20 
3.18 
8.09 
2.96 
2.64 
2.74 
3.15 
2.86 
2.70 
2.06 
2.70 
2.88 
2.90 
2.96 
3.66 
4.66 
8.00 
3.84 
2.96 
2.87 
8.80 
2.90 
3.04 
6.40 
4.88 
8.45 
3.90 
8.40 
4.34 

4.02 

2 

4.26 

8 

4.80 

4 

5.67 

5 

6 

6.01 
5.02 

7 

4.20 

8 

a9o 

9 

3.00 

10 

8.58 

11   

8.84 

12   

8.82     3.45 
3.55  1  3.64 

4.22 

18 

5.60     2.25 
4. 40     2. 19 

4.24 

14 

3.86     3.80  1  4.00 
3.20     3.28  1  4.10 

8.18  3.80  ;  4.16 

8.19  1  3.53  '  3.60 

5.06 

16 

4.15 

2.19 

4.84 

16 

3.92 
3.90 
3.86 
3.70 
3.50 
3.40 
3..W 
4.15 
3.58 
3.48 
8.27 

2.20 
2.23 
2.26 
2.50 
2.60 
3.20 
3.34 
2.00 
2.48 
2.30 
2.60 

7.80 

17 

6.  OS 

18 

3.36 
3.86 
3.12 
3.09 
2.90 
2.84 
2.85 
2.83 
2.80 
2.76 
2.74 
2.68 
2.68 

•  «•»•«• 

3.45  I  3.68 
3.39  1  5.50 
3.20  1  7.76 
3.00  1  5.54 
2.92     4.82 
2.98  <  4.40 
3.63  '  4.33 
3.75  1  4.18 
4.20  1  3.98 

5.80 

19 

20 

21 

22 

28 

24 

25 

26 

6.55 
9.90 
7.30 
0.2S 
5.  a 
4.88 
5.  OR 
4.85 

27 

2.98     2.61 

3.62 
3.40 
8.25 
3.09 
3.06 

8.80 
3.71 
8.64 
3.50 

4.08 

28 

2.97 
2.86 
2.80 
2.81 

2.70 

3.90 

29 

80 

8.78 
8.47 

81 

8.34 

CALOWA  RIVER  NEAR  PORKS,  WASHINGTON. 

This  station,  established  November  12,  1897,  is  at  the  county  high- 
way bridge  in  the  southwestern  part  of  Clallam  County,  near  Forks, 
Washington.  It  is  described  in  Water-Supply  Paper  No.  38,  page  386. 
Results  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  441.  During  1900  the  following  meas- 
urements of  discharge  were  made  by  W.  J.  Ware: 

March  2:  Gage  height,  2.85  feet;  discharge,  1,234  second-feet. 
May  27:  Gage  height,  3.50  feet;  discharge,  1,608  second- feet. 
July  26:  Gage  height,  1.20  feet;  di.scharge,  295  second-feet. 
December  15:  Gage  height,  6.70  feet;  discharge,  4,496  second-feet 


WASHINGTON. 
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Daily  gage  height^  in  feet,  of  Calowa  River  near  Forks,  Washington,  for  1900, 


SOLBDUCK  RIVER  NEAR  QTHLLAYUTE,  WASHINGTON. 

This  station  was  established  November  13,  1897,  at  the  county 
highway  bridge  9  miles  northeast  of  Lapash,  near  Quillayute.  On 
March  31,  1900,  it  was  discontinued  temporarily,  on  account  of  the 
destruction  of  the  bridge  to  make  room  for  a  new  one.  The  new 
bridge  was  completed  on  December  23,  1900,  and  observations  of 
river  heights  were  resumed  on  that  date.  The  length  of  the  cable  of 
the  new  gage  is  45  feet.  The  distance  from  the  inside  of  the  pulley 
wheel  to  the  end  of  the  rod  is  49  inches.  The  station  is  described  in 
Water-Supply  Paper  No.  38,  page  386.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
443.  During  1900  the  following  measurements  of  discharge  were 
made  by  W.  J.  Ware: 

March  2:  Gage  height,  4.40  feet;  discharge,  1,321  eecond-feet. 

July  25:  Discharge.  550  second-feet. 

December  14:  Gage  height,  8.70  feet;  discharge,  5,964  second-feet. 

The  measurement  on  July  25  was  made  6  miles  above  the  station. 
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Daily  gage  height,  in  feetj  of  Soleduck  River  near  QuiUayute^  WashingtoUyfor  1900, 


Day. 

Jan. 

Feb. 

Mar. 

1 

Dec. 

Day. 

Jan. 

6.70 
6.80 
6.05 
6.50 
6.00 
0.25 
7.10 
0.46 
6.80 
6.20 
5.10 
4.86 
4.66 
4.20 
4.10 

Feb. 

Mar. 

Dec. 

I... 

6.46 
6.20 
6.10 
4.95 
4.70 
0.40 
0.90 
8.10 
7.60 
7.00 
0.20 
7.60 
8.40 
7.10 
0.60 
6.80 

4.00 
4.10 
4.20 
4.10 
8.96 
4.16 
4.25 
4.20 
4.40 
4.06 
4.80 
4.00 
4.20 
4.10 
8.90 
3.95 

4.46 
4.40 
4.80 
4.10 

aoo 

8.80 

4.90 

0.60 

9.00 

12.80 

13.00 

10.40 

7.60 

0.86 

17 

4.10 
4.10 
4.16 
4.00 
6.20 
0.40 
6.80 
6.10 
4.90 
4.06 
4.40 
4.60 

6.40 
6.10 
4.96 
4.70 
4.60 
4.40 
4.85 
4.20 
4.20 
4.16 
4.10 
4.10 
4.00 
8.96 
8.80 

2 

18 

8 

19 

4 

20 

21 

6 

6 

22 

7 

23 

9.70 

8 

24 

8.30 

0 

26 

26 

7.00 

10 

&10 

11 

27 

7.40 

12 

28 

29 

0.85 

18 

QlOO 

14 

30 

6.8) 

16 

6.90  

81 

0.00 

10 

6.05 

KoTB.— No  record  from  April  1  to  December  22;  new  bridnre  being  erected. 

MISCELLANEOUS  DISCHARGE    MEASUREMENTS    IN  NORTHWESTERN 

WASHINGTON. 

During  the  year  William  J.  Ware  made  miscellaneous  discharge 
measurements  of  a  number  of  streams  in  northwestern  Washington, 
as  follows: 

Mi9oellaneoue  discharge  measurements  in  northwestern  Washington. 


Date. 


1900 
September  10. 

March  16 

May  81 

June  27 

July  20 

Angn8t22 

October  30.... 
December  17. 

Jnly30 

December  17. 


Stream. 


Morse  Eiver. 
Little  Riyer . 
do 


do 

do 

do 

do 

Pysht  River . . 
Clallam  Riyer 
do 


Locality. 


Near  Port  Angeles. 

Near  McDonald 

do 


do. 

.do. 

do. 

do. 


Nine  miles  above  month 

Poor  miles  above  month 

Two  and  one-half  miles  above 
month. 


Dis- 
charge. 


51 

174 

08 

64 

28 

20 

6S 

23S 

8 


SACRAMENTO  RIVER  AT  JELLYS   FERRY,  CALIFORNIA. 

This  station,  established  April  30,  1895,  is  12  miles  above  the  town 
of  Redbluff,  at  the  crossing  of  the  county  bridge  at  Jellys  Ferry.  It 
is  described  in  Water-Supply  Paper  No.  38,  page  387.  Results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  446.  During  1900  the  following  measurements 
of  discharge  were  made  under  the  direction  of  J.  B.  Lippincott: 

February  17:  Gage  height,  6.80  feet;  discharge,  8,874  second-feet. 
April  29:  Gtage  height,  7.10  feet;  discharge,  9,586  second-feet. 
May  29:  Gk^e  height,  6.40  feet;  discharge,  7,173  second-feet. 
September  20:  Gk^e  height,  5  feet;  discharge,  4,105  second-feet 
December  18:  Gktge  height,  10  feet;  discharge,  18,861  second-feet. 


CAUFOBNIA. 
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Daily  gage  height,  in  feet,  of  Sacramento  River  at  JeUya  Ferry,  California,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

19.6 

26.0 

31.1 

18.6 

17.0 

19.0 

19.0 

18.6 

15.4 

13.6 

12.8 

11.6 

10.9 

10.3 

11.1 

10.8 

10.7 

10.3 

10.0 

9.6 

9.3 

9.0 

8.7 

8.4 

8.3 

7.6 

7.9 

7.8 

7.7 

7.6 

7.7 

7.4 
7.4 
7.4 
8.1 
7.6 
7.6 
7.4 
7.3 
7.8 
7.1 
7.0 
7.0 
6.9 
6.8 
6.7 
6.9 
6.8 
6.8 
7.9 
9.8 
10.9 
12.1 
10.1 
9.4 
8.8 
9.0 
8.7 
8.3 

8.1 

8.0 

8.6 

9.8 

10.2 

11.0 

15.7 

29.0 

20.3 

16.4 

14.3 

13.1 

12.2 

11.8 

11.0 

10.4 

10.0 

9.6 

9.6 

9.2 

9.1 

9.0 

8.8 

8.7 

8.5 

8.5 

8.2 

8.1 

7.9 

7.8 

7.7 

7.7 
9.0 
9.9 
8.6 
8.1 
7.9 
8.6 
8.0 
7.8 
7.8 
7.5 
9.6 
9.7 
9.0 
8.7 
8.3 
8.2 
8.0 
7.9 
8.2 
8.8 
9.0 
8.2 
7.8 
7.5 
7.4 
7.3 
7.3 
7.1 
7.0 

7.2 
7.2 
7.8 
7.2 

10.7 
8.8 
8.3 
8.0 
7.7 
7.6 
8.6 
8.3 
7.9 
7.6 
7.4 
7.2 
7.2 
7.1 
7.0 
6.9 
6.8 
6.7 
6.6 
6.6 
6.5 
6.5 
6.4 
6.3 
6.3 
6.1 
6.1 

6.1 
6.1 
6.0 
6.0 
5.9 
6.9 
6.8 
6.8 
5.7 
5.7 
5.7 
5.7 
5.6 
6.6 
6.6 
6.8 
6.7 
6.7 
5.7 
5.6 
5.6 
6.0 
5.8 
6.8 
5.7 
5.7 
5.6 
5.6 
6.5 
6.4 

6.4 

6.4 
5.4 
5.8 
6.3 
6.8 
6.8 
6.2 
5.2 
5.2 
5.2 
5.1 
5.1 
5.1 
6.1 
6.1 
6.1 
6.1 
6.1 
5.1 
5.0 
5.0 
6.0 
5.0 
5.0 
6.0 
5.0 
4.9 
4.9 
4.9 
4.9 

4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 

4.9 
4.9 
4.9 
4.8 
6.6 
6.2 
6.1 
6.1 
5.1 
6.0 
6.0 
6.0 
5.0 
6.0 
6.0 
6.0 
5.0 
5.0 
5.0 
6.0 
5.0 
6.0 
5.0 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 

4.9 
4.9 
6.9 
6.9 
11.2 
6.7 
5.6 
5.5 
5.3 
5.8 
5.2 
5.2 
5.2 
5.1 
5.1 
5.1 
5.1 
5.2 
9.5 
8.7 
7.8 
6.1 
6.0 
6.8 
6.6 
5.5 
5.6 
5.6 
6.6 
6.6 
5.5 

5.9 
58 
5.6 
5.6 
6.6 
6.5 
5.6 
6.6 
6.6 
6.4 
6.4 
5.4 
5.4 
5.3 
5.8 
5.4 
8.5 
8.5 
7.0 
6.6 
18.0 
8.1 
7.2 
6.8 
7.6 
8.9 
8.2 
8.5 
7.0 
6.9 

6.9 

2 

6.8 

3 

6.6 

4 

6.5 

6 

6.4 

6 

7 

6.8 
6.8 

8 

6.2 

9 

6.2 

10 

6.2 

11 

6.1 

12 

6.0 

13 

6.0 

14 

9.9 

15 

8.6 

16 

9.9 

17 

12.7 

18 

9.9 

19 

9.9 

20 

21 

12.3 
22.6 

ZS 

16.2 

23 

18.2 

24 

11.0 

25 

10.2 

28 

9.1 

27 

ad 

28 

8.1 

29 

30 

31 

7.7 
7.6 

7.4 

NOBTH  YUBA  BIVER  NEAR  NORTH   SAN  JUAN,    CALIFOBNIA. 

This  station,  established  July  3,  1900,  is  at  the  Yuba  Power  Com- 
pany's dam.  The  channel  is  irregular,  composed  of  gravel,  sand,  and 
clay,  and  is  subject  to  change  during  flood  discharges.  During  1900 
the  following  measurements  of  discharge  were  made  by  H.  D.  H. 
Connick: 

Discharge  measurements  of  North  YvJba  River  near  North  San  Juan,  California, 


Date. 


1900 

Julys 

July  6 

July  17 

July  18 

July  27 

July  29 


Gage 
helgbt. 

Dis- 
charge. 

Feet. 

Sec- feet. 

2.06 

606 

1.95 

567 

1.70 

438 

1.65 

419 

1.66 

366 

1.60 

871 

Date. 


Gage 

lifirht. 


1900. 

July  31 

August  9 

August  10 

August  20 

August  80 


Dis- 
charge. 

Sec-feet. 
864 
828 
822 
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Daily  gage  height,  in  feet,  of  North  Ytiba  River  near  North  San  Juan,  California, 

for  1900, 


Day. 

July. 

Aug. 

Sept 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct 

1 

1.6 
1.6 
1.5 
1.6 
1.5 
1.6 
1.5 
1.6 
1.6 
1.6 
1.5 
1.6 
1.5 
1.6 
1.5 
1.5 

1.6 
1.5 
1.4 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 
1.5 
1.6 
1.6 
1.5 
1.6 
1.5 
1.5 

1.5 
1.5 
2.2 
2.1 
2.7 
2.0 
1.8 
1.7 
1.7 
1.7 
1.6 
1.7 
1.6 

17 

1.7 
1.7 
1.7 
1.7 
1.6 
1.7 
1.7 
1.7 
1.6 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 

1.5 
1.5 
1.6 
1.5 
1.6 
1.5 
1.5 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.5 
1.6 
1.6 
1.5 
1.6 
1.4 
1.4 
1.4 
1.5 
1.6 
1.5 
1.6 
1.6 
1.6 

2 

18 

3 

2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.8 
1.8 
1.8 
1.8 
1.7 
1.8 
1.7 

19 

4 

20 

5 

21 

6 

22 

7 

23 

8 

!24 

9 

25 

10 

26 

11 

27 

13 

28 

18 

29 

U 

30 

15 

81 

16 
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HUDDLE  YUBA  BIVBB  NBAB  NOBTH  SAN  JUAN,  CALIFORNIA. 

This  station,  established  July  1, 1900,  is  at  Freeman's  bridge.  The 
channel  is  composed  of  sand  and  gravel,  recently  built  up  by  debris 
from  the  mines  above,  and  is  subject  to  change  during  flood  heights. 
During  1900  the  following  measurements  of  discharge  were  made  by 
H.  D.  H.  Connick: 

Discharge  measurements  of  Middle  Yuba  River  near  North  San  Juan,  California, 


Date. 


IflOO. 

Julyl 

Jnly8 

July  4 

JnlyT 

July  29 


hei^t 

Dis- 
charge. 

1    Fe€t. 

Sec-feet. 

2.40 

101 

2.86 

180 

2.80 

186 

2.57 

16E3 

2.80 

100 

Date. 


Dis- 


1000. 


August  11 

August  12 

August  20 

August  80 

September  18 


height. 

charge. 

Feet. 

Sec-feet 

2.17 

7B 

2.15 

78 

2.20 

« 

2.20 

(» 

2.15 

M 

Daily  gage  height,  in  feet,  of  Middle  Yvba  River  near  North  San  Juan,  Calif omia, 

for  1900, 


Day. 

July. 

Aug. 

2.4 
2.4 
2.4 
2.8 
2.4 
2.5 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
2.8 
2.8 
2.8 
2.4 

2.2 

2.2 

2.1 

2.2 

2.1 

2.2 

2.1 

2.2 

2.1 

2.2 

2.2 

2.2 

2.1 

2.2 

2.1 
2.2 

1 

2 
8 
4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 


2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.0 
2.8 
2.8 
2.2 
2.2 


2.0 
2.0 
2.5 
2.4 
8.0 
8.0 
2.4 
2.8 
2.2 
2.2 
2.1 
2.0 
2.0 
2.1 
2.0 
2.0 


17 
18 
10 
20 
21 
22 
28 
24 
I'  25 
>  26 
I  27 
r28 
29 
30 
31 


Day. 


July. 

Aug. 

Sept. 

Oct 

2.8 

2.1 

2.2 

2.1 

2.8 

2.2 

2.1 

2.0 

2.4 

2.2 

2.2 

2.1 

2.4 

2.1 

2.1 

2.0 

2.4 

2.2 

2.0 

2.4 

2.1 

2.0 

2.4 

2.2 

2.0 

2.4 

2.1 

2.0 



2.8 

2.1 

2.0 

2.8 

2.1 

2.0 

2.4 

2.1 

2.0 

2.8 

2.1 

2.0 

2.8 

2.1 

2.0 

2.8 

2.1 

2.0 

2.2 

2.1 

...... 

YUBA  RIVER  NEAR  SMARTVILLB,   CALIFORNIA. 

This  station,  established  June  28, 1900,  is  at  Parks  Bar  Bridge.  Dur- 
ing recent  years  the  channel  of  the  river  has  been  filled  with  sand  and 
gi'avel,  brought  down  from  the  hydraulic-mining  camps  in  the  moun- 
tains above,  and  thus  is  subject  to  change  during  flood  stages.  Dur- 
ing 1900  the  following  measurements  of  discharge  were  made  by 
H.  D.  H.  Connick: 


Discharge  measurements  of  Yuba  River  near  Smartville,  California, 


Date. 


1900. 

June  28 

June  20 

July  11 

July  12 

July  18 

July  22 

July  28 


':4age 
he^  xht- 

Dis- 

charge. 

Feet. 

8ee,'feet. 

8.15 

1,212 

2.96 

1,086 

2.66 

821 

2.66 

811 

2.60 

774 

2.42 

622 

2.60 

686 

1 

Date. 


1900. 

July  21 

August? 

August  8 

August  14 

August  28 

September  14  .. 


Daily  gage  height^  in  feet^ 

CALIFOBNTA. 
of  Yviba  River  near  Smartville,  California,  for 

459 

1900. 

Dsy. 

June. 

July. 

Aug. 

Sept. 

Oct.    1 

Day. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

1 

2.9 
2.9 
3.0 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 

2.8 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.1 
2.2 
2.2 
2.2 
2.3 
2.1 
2.2 

2.1 
2.1 
2.1 
2.2 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.2 
2.3 
2.4 
2.6 
2.4 
2.4 

2.0 
2.0 
3.1 
3.0 
2.4 
1.9 
1.5 
1.3 
1.3 
1.2 
1.2 
1.3 
1.2 

17 

2.5 
2.4 
2.4 
2.4 
2.3 
2.4 
2.5 
2.4 
2.5 
2.4 
2.3 
2.3 
2.4 
2.3 

2.1 
2.2 
2.2 
2.2 
2.3 
2.4 
2.2 
2.3 
2.1 
2.1 
2.2 
2.1 
2.1 
2.2 

2.2 
2.2 
2.2 
2.1 

2 

18 

3 

19 

4 

,20 

21 

5 

2.1 

6 

22 

2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 

7 

23 

6 

24 

9 

25 

10 

28 

27 

28 

29 

30 

31 

"  '3.T 
3.0 
3.0 

11 

12 

13 

14 

15 



2.3          2.1 

1 

16 

CACHE   CREEK,    CALIFORNIA. 

This  stream  is  the  outlet  of  Clear  Lake,  in  Lake  County,  California. 
It  flows  southeasterly,  its  flood  waters  finding  their  way  into  Sacramento 
River  between  the  mouths  of  Feather  and  American  rivers.  In  1889 
Clear  Lake  was  segregated  as  a  reservoir  site,  as  described  in  the  Thir- 
teenth AnnualReport,  Partlll,  pages4:05to  409.  During  1900 a  hydro- 
graphic  examination  of  the  entire  basin  of  Cache  Creek  was  made  by  A.  E. 
Chandler,  whose  detailed  report  has  been  published  as  Water-Supply 
Paper  No.  45.  During  the  course  of  his  investigations  the  following 
discharge  measurements  were  made  of  the  creek  and  its  tributaries: 
Discharge  measurements  of  Cache  Creek  and  its  tributaries. 


Date. 


1900. 
June 26. 
June 27. 
June  89. 
July  17- 
July  80  - 

Do  .... 
July  21. 
July  23  . 

Do  ... 

Do  ... 
July  384. 

Do  .... 
June  20. 

Do  .... 

Do  .... 
June  288., 
June  80. 

Do  .... 

Do  .... 
July  3.. 

Do  .... 

Do  .... 

Do  ... 
Auff.  20. 
Auij.  27. 
June  29. 
June  30. 
June  27. 
June  30. 

Do  ... 
July  2-. 

Do  ... 

Do  ... 
July  8- 
Julyl«- 

I>o  — . 


July  16 


Stream. 


Cache  Creek. 
.....do 


do 

do 

do 

do 

do 

Adams  ditch 

Cache  Creek 

do 

Hoore  ditch 

Cache  Creek 

do 

do 

do 

do 

do 

do 

Moore  ditch 

Cache  Creek 

do 

do 

Tule  canal 

Cache  Creek 

do 

North  Fork 

do 

Bear  Creek 

Lonar  Valley  Creek.. 

Wolf  Creek.. 

North  Fork 

Bartlett  Creek 

Stanton  Creek 

North  Fork 

Scotts  Creek 

Middle  and  Clover 

creeks. 
Kelsey  Creek   


Point  of  measurement. 


Hydro^apher. 


AtRumBcy   '  A.  E.  Chandler. 

At  Bear  Creek do 

At  North  Fork do 

At  Clear  Lake ' do 

At  Rumsey ' do 

At  Tancred do 

AtCapay do 

I do 

At  Madison do 

At  Moore's  dam do 

' do 

At  Stevens's  bridge 

At  Rumsey 

At  Tancred 

Five  miles  above  Capay 

AtCapay 

At  Esparto 

At  Madison  bridge 


J. 


.-do 

M.  Wilson 
..do 


At  Stevens's  bridge 

At  Nelson's  bridge 

At  Cache  Creek  Sink 

Opposite  Woodland 

At  Clear  Lake ! do 

One-fourth  mile  above  Rumsey . , do 


do 
do 
do 
do 
do 
do 
do 
do 
do 


At  mouth 

Above  Long  Valley  Creek 

At  mouth 

do 

One  mile  above  mouth 

Above  Bartlett  Creek 

At  mouth 

do 


E.  Chandler. 

-do 

-do... 

-do 

.do 

-do 

.do 

do 


At  Little  Indian  Valley I do 


Eight  miles  above  Clear  Lake. 
At  Upper  Lake. 


Two  miles  above  Kelscy  villo 


do 
do 

do 


Dis- 
charge. 

Sec.-ft. 

189.0 

156.0 

ldL4 

106.0 

02.6 

88.4 

88.1 

6.8 

54.6 

69.0 

49.4 

20.4 

166.8 

167.5 

173.6 

16L6 

152.7 

140.0 

60.5 

75.8 

53.0 

5L3 

29.7 

39.6 

27.6 

5.1 

6.4 

1.8 

2.0 

0.5 

3.3 

1.4 

L5 

2.8 

0.6 

L5 

4.6 
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SALINAS  RIVER  NEAR  SALINAS,  CALIFORNIA. 

Salinas  River  rises  in  San  Luis  Obispo  County,  flows  in  a  north- 
westerly direction  through  Salinas  Valley,  and  discharges  into  the 
Bay  of  Monterey.  The  crest  of  the  Coast  Range,  locally  known  as  the 
Santa  Lucia  Mountains,  forms  the  boundary  of  the  watershed  on  the 
south  and  west;  the  crest  of  the  Gabilan  Mountains  forms  the  eastern 
boundary  of  the  watershed.  The  total  area  drained  is  a  little  less 
than  5,000  square  miles.  The  principal  tributaries  of  the  river  drain 
the  eastern  slopes  of  the  Santa  Lucia  Mountains,  and  are  Nacimento 
and  San  Antonio  creeks  and  the  Arroyo  Seco.  The  only  important 
stream  entering  from  the  east  is  San  Lorenzo  Creek,  which  drains  the 
western  slopes  of  the  Gabilan  Mountains. 

A  reconnaissance  survev  for  reservoir  sites  on  Salinas  River  and  its 
tributaries  was  made  during  the  period  from  May  28  to  August  31, 
1900,  under  the  direction  of  Prof.  Charles  D.  Marx,  of  Stanford  Uni- 
versity. His  report  will  appear  in  one  of  the  series  of  Water-Supply 
Papers. 

A  gaging  station  was  established  on  the  river  January  8,  1900,  by 
D.  A.  Porter.  On  account  of  the  shifting  nature  of  the  channel  during 
floods,  four  gage  rods  wei'e  set  between  January  8  and  April  2,  1900, 
and  each  was  referred  to  a  different  datum.  On  June  8,  1900,  a  per- 
manent station  was  established  at  the  county  bridge  3f  miles  south  of 
Salinas. 

The  gage,  which  is  vertical,  is  attached  to  one  of  the  piers  of  the 
bridge.  The  bench  mark  is  a  nail  in  the  washer  in  the  top  of  a  red- 
wood post,  13  inches  by  15  inches  in  size,  on  the  north  bank  of  the 
river,  at  an  elevation  of  20  feet  above  gage  datum.  The  gage  heights 
given  in  the  following  tables  have  been  adjusted  to  the  rod  which  was 
established  June  8, 1900.  During  1900  a  number  of  measurements  of 
discharge  were  made  of  Salinas  River  at  the  main  gaging  station  and 
of  Arroyo  Seco,  a  tributary  of  Salinas  River,  by  D.  A.  Porter  and 
others.     The  results  are  given  in  the  following  tables: 

DUicharge  measurements  of  Arroyo  Seco,  California, 


Date. 
1900. 

Locality. 

Discharge. 

June  30. 

The  Pools 

Sec.'feet. 
11.8 

Do  . 

do 

12.4 

June  21. 

Moore^B... _ - - - 

10.4 

Do.. 

Cnrrler .- 

7.8 

Do 

Jov'b 

6.1 

CALIFORNIA . 
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Discharge  meaaurements  of  Salinas  River  near  Salinas,  Calif  omia. 


Date. 


1900. 

Aiiril9 

Aprai2 

AprU15 

Aprill9 

Aprils 

April  25 

Mayl 

May4 

May  7 

May  12..,: 

May  16 

May  19 

May  24 

May29 

Jaxie2 

Jones 

JnneS 

Jimel2 

June  15 

June  18 


Gage 
height 

Feet. 

Dis- 
charge. 

Sec-feet. 

4.20 

20 

4.16 

15 

4.10 

13 

4.10 

17 

4.25 

34 

4.15 

19 

4.10 

18 

4.10 

16 

4.10 

18 

4.10 

18 

4.10 

18 

4.10 

16 

4.10 

17 

4.10 

17 

4.05 

18 

4.05 

15 

4.00 

16 

4.05 

16 

4.05 

15 

4.00 

14 

Date. 


Dis- 
charge. 


1900. 


Jnne22 

Jnzie26 

Jnne80 

Julys 

July  16 

August  1 

August  18 

September  1  . 
September  26 
October  23... 
October  28  ... 
November  14. 
November  16. 
November  17. 
November  19. 
November  20. 
November  21 . 
November  22. 
November  28. 


2,066 

829 

748 

88.600 

12,851 


Daily  gage  height,  in  feet,  of  Salinas  River  near  Salinas,  Calif  omia,  for  1900, 


Day. 

Jan. 

Feb. 

5.10 
6.10 
5.00 
4.90 
4.80 
6.00 
5.00 
4.90 
4.90 
4.90 

Mar. 

4.40 
4.30 
4.:i0 
4.50 
4.60 
4.60 
4.60 
4.50 
5.10 
A  00 

1 

2 

3 

4 

5 

6 

7 

8.. 

7.10 
6.90 
6.70 
6.60 
6.30 
6.10 
6.00 
5.90 
6.70 
6.70 
5.60 
5.50 
5.60 
5.40 
6.40 
5.30 
6.30 
5.30 
6.20 
5.20 
6.20 
6.20 
6.20 
6.10 

9 

10 

11 

4.90  '  5.00 
4.90  1  5.00 

12 

13 

4.80 
4.80 
4.70 
4.70 
4.70 
4.00 

4.90 
4.90 
4.90 
4.80 
4.70 
4.60 

14 

16 

16 

17 

18 

19 

4.70     4.60 

20 

21 

4.70 
4.60 
4.60 
4.40 
4.40 
4.40 

4.60 
4.40 
4.40 
4.40 
4.40 
4.30 

22 

23 

24 

26 

26 

4.40     4.30 

27 

4.40 
4.40 

4.30 
4.30 
4.20 
4.20 
4.20    . 

28 

29 

30 

31 

June. 


4. 
4. 
4. 
4. 
4. 


20 
30 
20 
20 
20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 


4.10 
4.10 
4.10 
4.10 
4.10 
4.06 
4.05 
4.05 
4.05 
4.05 
4.05 
4.06 
4.05 
4.05 
4.05 
4.06 
4.05 
4.05 
4.06 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.06 
4.05 
4.05 
4.05 
4.05 


4.05 
4.05 
4.06 
4.05 
4.05 
4.05 
4.06 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 


July. 

Aug. 

Sept. 

Oct. 

Nov. 
3.40 

Dec. 

3.80 

3.70 

3.60 

3.40 

6.00 

3.70 

3.70 

3.70 

8.50 

3.40 

5.90 

3.65     3.60 

3.00 

3.40 

3.40 

5.80 

3.00 

3.60 

3.70 

3.60 

3.50 

5.70 

3.60 

3.60 

3.60 

3.40 

3.00 

5.60 

3.60 

3.70 

8.70 

3.40 

3.80 

6.50 

3.60 

3.70 

3.00 

3.40 

3.40 

6.40 

3.70 

3.70 

3.70 

3.40 

a.  50 

5.30 

3.70 

8.70 

3.60 

3.50 

3.40 

5.30 

3.80 

3.70 

3.70 

3.40 

3.40 

5.20 

3.80 

3.70 

8.60 

3.40 

3.40 

5.10 

3.60 

3.70 

3.70 

3.40 

3.60 

6.10 

3.60 

3.70 

3.70 

8.40 

3.70 

5.00 

3.70 

8.70 

3.60 

3.46 

3.70 

6.00 

3.70 

3.70 

3.70 

3.35 

8.70 

6.00 

3.70 

3.70 

3.60 

3.45 

8.80 

6.00 

3.70 

3.00 

3.70 

3.35 

4.10 

5.00 

3.70 

3.70 

aoo 

3.46 

5.50 

6.00 

3.70 

3.70 

3.70 

3.46 

6.70 

6.00 

3.70 

3.60 

8.00 

3.46 

5.90 

4.90 

3.70 

3.70 

3.60 

3.40 

5.70 

4.90 

3.70 

3.60 

8.60 

3.40 

15.60 

4.90 

3.70 

3.70 

3.60 

3.40 

9.70 

4.80 

3.70 

3.60 

8.60 

3.40 

8.60 

4.80 

3.70 

3.70 

3.60 

3.40 

7.90 

4.80 

3.70 

3.60 

3.40 

3.40 

7.40 

4.70 

3.70 

3.70 

3.60 

3.40 

7.00 

4.70 

3.70 

8.60 

3.40 

3.40 

6.00 

4.70 

3.60 

3.70 

3.40 

3.40 

6.30 

4.70 

3.70 

3.60 

3.40 

3.40 

6.10 

4.70 

3.70 

3.70 

8.40 

4.70 

STANISLAUS  RIVER  NEAR  OAKDALE,  CALIFORNIA. 

This  station  was  first  established  May  3, 1896,  and  was  relocated  on 
July  30,  1898,  as  described  in  Water-Supply  Paper  No.  38,  page  391. 
Results  of  measurements  for  1899  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  448. 

The  canal  of  what  was  formerly  known  as  the  Stanislaus  and  San 
Joaquin  Water  Company  diverts  water  from  Stanislaus  River  3  miles 
above  Knights  Ferry,  or  approximately  15  miles  above  Oakdale.  Dur- 
ing the  latter  part  of  the  year  1899  the  management  of  the  property 
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changed  hands,  and  a  new  company  was  formed,  under  the  name  of 
Stanislaus  Water  Company.  The  station  described  in  Water-Supply 
Paper  No.  38  was  discontinued  in  the  latter  part  of  1899,  on  account 
of  improvements  to  and  enlargements  of  the  canal,  and  on  May  19, 
1900,  a  new  gaging  station  was  established  near  the  lower  end  of  flume 
No.  3.  It  was  rated,  as  in  previous  years,  by  turning  various  amounts 
of  water  into  the  flume  and  measuring  the  same  with  a  meter.  Owinj^ 
to  the  lack  of  an  observer  on  the  canal,  the  record  for  1900  is  not  com- 
plete. During  the  year  the  following  measurements  of  discharge 
were  made  at  the  main  station,  under  the  direction  of  J.  B.  Lippincott: 

April  5:  Gage  height,  6.82  feet;  discharge,  1,703  second-feet. 
May  19:  Gage  height,  9.33  feet:  discharge,  4,515  second-feet. 
June  21:  Gage  height,  6.65  feet;  discharge,  1,438  second-feet. 
Augost  11:  Gage  height,  4.38  feet;  discharge,  66  second-feet. 
September  6:  Gage  height,  4.25  feet;  discharge,  35  second-feet. 
December  28:  Gage  height,  5.66  feet;  discharge,  611  second-feet. 

Daily  gage  height ,  in  feet ^  of  Stanislaus  River  near  Oakdale,  Calif omia,  for  1900, 


Day. 


1 

7.0 
7.6 
11.2 
10.9 
8.7 
8.2 
8.0 
8.0 
7.8 
7.5 
7.2 
6.8 
6.5 
6.5 
6.5 
6.4 
•6.4 
6.2 
6.2 
6.2 
6.2 
6.0 
6.0 
6.0 
6.0 
5.9 
5.8 
5.9 
6.0 
5.9 
5.9 

5.8 
5.9 
5.7 
6.7 
5.6 
5.6 
5.5 
6.6 
5.5 
6.5 
5.4 
5.5 
5.5 
5.4 
5.5 
5.5 
5.4 
5.5 
5.6 
6.5 
6.2 
6.0 
5.9 
5.8 
5.8 
5.6 
5.6 
5.5 

5.6 
5.6 
5.8 
6.8 
7.2 
6.8 
6.4 
6.6 
6.8 
6.8 
6.8 
7.0 
7.3 
7.7 
7.3 
7.4 
7.3 
7.3 
6.8 
7.0 
7.3 
7.4 
7.5 
7.2 
7.4 
7.3 
7.2 
7.3 
6.9 
7.0 
7.2 

7.5 
7.5 
7.2 
7.0 
6.9 
6.8 
6.7 
6.5 
6.7 
6.6 
6.6 
6.7 
6.5 
6.7 
6.5 
6.4 
6.5 
6.9 
6.9 
7.4 
8.0 
7.1 
7.0 
6.9 
6.8 
7.0 
6.7 
6.6 
6.6 
7.7 

6.4 

2 

6.7 

3     

7.0 

4 

7.4 

5 

8.2 

6 

8.2 

7 

8.5 

8 

8.7 

9 

8.6 

10 

8.6 

11 

8.7 

12 

8  4 

13 

8.0 

U 

7,4 

15 

7  7 

Itt 

8.1 

17 

8.9 

18 

8.8 

19 

9.1 

20 

9.0 

21 

8.6 

22 

8.6 

23 

8  6 

24 

8.6 

25 

8.3 

26 

8.6 

27 

8.8 

28 

8.9 

29 

8  1 

80 

Bl 

^.3 

June. 

July. 
6.0 

Aug. 

Sept. 
4.2 

Oct. 

Nov. 

Dea 

8.1 

4.5 

4.4 

5.0 

62 

7.8 

5.6 

4.5 

4.2 

4.5 

6.0 

6.4 

7.6 

5.6 

4.5 

4.2 

4.7 

6.0 

6.3 

7.8 

5.5 

4.5 

4.2 

5.0 

5.1 

6.1 

7.5 

6.5 

4.5 

4.2 

5.3 

6.0 

6.9 

7.9 

5.4 

4.5 

4.2 

5.2 

6.2 

5.9 

7.8 

5.4 

4.5 

4.2 

5.2 

6.0 

5.9 

7.7 

5.4 

4.5 

4.2 

5.2 

5.0 

6.9 

8.0 

5.3 

4.5 

4.2 

5.0 

6.1 

5.9 

7.6 

5.2 

4.4 

4.2 

4.9 

6.1 

5.7 

7.4 

5.2 

4.4 

4.2 

4.8 

6.1 

5.6 

7.4 

5.2 

4.3 

4.2 

4.8 

6.1 

5.6 

7.5 

6.2 

4.3 

4.2 

4.7 

5.2 

6.6 

7.3 

5.0 

4.3 

4.2 

4.7 

6.2 

5.6 

7.0 

5.0 

4.3 

4.2 

4.7 

6.6 

6.7 

6.8 

5.0 

4.3 

4.2 

4.8 

6.0 

5.6 

6.7 

5.0 

4.2 

4.2 

4.7 

6.7 

6.0 

6.4 

4.9 

4.3 

4.3 

4.7 

6.9 

6.9 

6.4 

4.8 

4.4 

4.3 

5.1 

6.1 

6.6 

6.6 

4.8 

4.8 

4.4 

7.8 

6.5 

6.6 

6.6 

4.8 

4.3 

4.4 

6.4 

10.3 

5.8 

6.4 

4.6 

4.2 

4.4 

6.0 

9.7 

6.8 

6.4 

4.6 

4.2 

4.4 

6.4 

9.1 

6.4 

6.4 

4.6 

4.2 

4.4 

5.4 

7.2 

6.0 

6.2 

4.6 

4.2 

4.4 

5.3 

6.6 

5.8 

6.0 

4.6 

4.3 

4.4 

5.8 

6.5 

6.9 

6.0 

4.5 

4.2 

4.4 

5.2 

6.5 

6.8 

6.2 

4.6 

4.2 

4.4 

6.1 

6.4 

5.7 

6.0 

4.5 

4.2 

4.4 

6.1 

6.2 

6.6 

6.0 

4.5 

4.2 

4.4 

6.2 

6.2 

6.6 

4.4 

4.3 

6.0 

1 

5.5 

1 

TUOLUMNE  RIVER  AT  LAGRANGE,  CALIFORNIA. 

This  station,  est«,blislied  August  29,  1895,  is  at  the  wagon  bridge  in 
Lagrange,  and  is  below  the  high  dam  of  the  Turlock  and  Modesto  irri- 
gation districts,  and  also  below  the  head  of  the  canal  of  the  Lagrange 
Hydraulic  Mining  Company.  It  is  described  in  Water-Supply  Paper 
No.  38,  page  393.  Results  of  measurements  for  1899  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  449.     During  1900  the 
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following  measurements  of  discharge  were  made  under  the  direction 
of  J.  B.  Lippincott: 

Discharge  measurements  of  Turlock  canal. 


Date. 


Dis- 
charge. 


1900. 

April  6 

JnneSS 

AugrastU 

SeptemlierS 


Discharge  measurements  of  Tuolumne  River  at  Lagrange^  California. 


Date. 


1900. 

Aprll6 

May  20 

Jane 22 


Oage 
height. 


Feet. 
6.08 
8.40 
7.00 


Dis- 
charge. 


Sec-feel. 
2,286 
8,720 
4,629 


Date. 


1900. 

August  11 

September  8  ... 
December  27 .. 


Gage 
height. 


Feet. 
8.60 
8.40 
6.82 


Dis- 
charge. 


Sec-feet. 

17.0 

10.9 

964.0 


Daily  gage  height,  infect,  of  Tuolumne  River  at  Lagrange,  California,  for  1900, 


Day. 

Jan. 

6.3 
6.0 
9.8 
8.1 
7.0 
6.7 
6.4 
6.3 
6.2 
6.0 
5.9 
5.8 
5.8 
6.8 
5.7 
5.7 
5.7 
5.7 
6.7 
5.7 
5.6 
5.6 
5.6 
56 
5.5 
6.4 
6.4 
6.4 
5.8 
6.3 
5.3 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

6.6 
5.8 
6.7 
5.4 
6.3 
5.2 
6.1 
5.3 
5.0 
6.0 
6.0 
4.5 
4.8 
4.6 
6.2 
5.0 
5.0 
5.1 
4.8 
4.8 
4.7 
4.6 
4.6 
4.4 
4.6 
4.8 
4.2 
4.2 
4.4 
4.3 
4.4 

1 

6.3 
6.3 
5.2 
6.2 
5.2 
6.1 
6.1 
5.1 
6.0 
5.0 
5.0 
6.1 
6.0 
5.1 
5.1 
5.2 
6.1 
5.1 
5.1 
6.3 
5.6 
6.5 
6.4 
5.3 
5.4 
6.3 
5.4 
6.4 

6.4 
6.4 
6.3 
6.0 
6.9 
6.8 
6.8 
6.9 
6.9 
6.0 
6.1 
6.2 
6.3 
6.3 
6.4 
6.4 
6.6 
6.4 
6.3 
6.5 
6.4 
6.4 
6.4 
6.3 
6.2 
6.1 
6.1 
6.1 
6.0 
6.1 
6.4 

6.6 
6.4 
6.6 
6.4 
6.1 
5.8 
6.0 
5.9 
5.9 
6.9 
6.8 
6.8 
5.7 
5.7 
5.6 
5.8 
5.8 
6.1 
6.4 
7.0 
6.9 
6.6 
6.6 
6.3 
6.2 
6.2 
6.1 
6.0 
6.2 
64 

9.8 
7.0 
7.2 
7.2 
7.4 
6.9 
7.1 
7.4 
7.6 
7.8 
7.7 
7.4 
7.4 
7.4 
7.6 
7.7 
8.5 
8.6 
8.4 
8.6 
8.5 
8.5 
8.3 
8.4 
8.2 
8.4 
8.4 
8.3 
8.2 
7.8 
8.2 

8.0 
8.0 
7.9 
7.7 
7.8 
8.0 
8.2 
8.4 
8.0 
7.8 
7.8 
7.4 
7.4 
7.4 
7.3 
6.9 
6.8 
7.0 
7.2 
7.2 
7.3 
7.1 
6.8 
6.8 
6.6 
6.5 
6.4 
6.4 
6.3 
6.1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Aag. 

Sept 

Oct. 

Nov. 

Dec. 

4.2 

8.3 

3.9 

5.1 

6.7 

4.2 

3.3 

8.8 

5.1 

6.7 

4.0 

8.3 

8.7 

6.0 

5.7 

4.0 

8.4 

4.9 

4.9 

5.7 

3.9 

8.3 

6.0 

4.8 

6.7 

3.9 

8.2 

6.5 

4.6 

5.6 

3.7 

3.3 

6.2 

5.6 

5.6 

8.6 

3.2 

6.1 

6.6 

5.7 

3.6 

8.4 

6.2 

5.4 

5.7 

3.5 

3.5 

6.3 

5.3 

6.6 

3.6 

8.5 

6.2 

5.3 

6.6 

3.5 

8.4 

6.2 

5.1 

6.6 

3.4 

3.4 

5.2 

5.1 

6.4 

3.5 

8.4 

6.2 

5.0 

6.4 

4.0 

3.4 

5.2 

4.9 

5.4 

4.0 

3.4 

6.2 

4.8 

6.4 

3.9 

3.3 

6.2 

6.1 

5.4 

3.9 

3.3 

5.2 

6.4 

6.6 

8.9 

8.3 

6.2 

6.1 

6.4 

3.8 

3.4 

7.6 

10.2 

6.4 

3.8 

3.4 

6.5 

9.2 

6.4 

3.6 

3.6 

6.0 

8.3 

6.9 

3.6 

3.4 

6.9 

7.1 

6.7 

3.6 

3.3 

5.6 

6.5 

6.6 

3.4 

3.3 

5.5 

6.3 

5.6 

3.4 

3.3 

5.4 

6.1 

5.4 

3.4 

3.5 

5.2 

6.1 

6.3 

3.4 

4.1 

5.3 

6.0 

6.2 

3.3 

3.9 

5.2 

5.9 

5.2 

3.3 

8.9 

5.2 

5.8 

6.2 

8.3 

5.0 

5.1 
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Estimated  daily  discharge,  in  second'feet,  of  Turlock  canal,  California,  for  1900, 


Day. 


1 

64 

2 

64 

8 

64 

4 

64 

6 

64 

6 

64 

7 •_ 

64 

8 

64 

9 

64 

10 

64 

11 

64 

Vi 

64 

13 

64 

14 

15 

64 
64 

16 

64 

17 

64 

18 

64 

19 

85 

20 

133 

21 

183 

22 

28 

23 

28 

24 

28 

2S 

28 

26 

28 

27 

40 

28 

64 

29 

80 

31 

Mean 

62 

Feb. 


BCar. 


64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
133 
133 
85 
85 
85 
85 
64 
64 
85 
85 
85 
85 
85 
85 
85 
85 
85 
133 
133 
133 


84 


Apr. 

May. 

June. 
183 

July. 
138 

000 

133 

000 

133 

188 

133 

000 

133 

183 

188 

000 

133 

138 

133 

133 

138 

188 

133 

133 

183 

133 

133 

133 

133 

183 

133 

000 

183 

133 

133 

000 

133 

188 

188 

138 

.133 

9 

183 

183 

133 

9 

133 

133 

133 

9 

133 

188 

133 

9 

133 

188 

133 

9 

133 

64 

183 

9 

133 

64 

133 

9 

133 

64 

138 

9 

133 

64 

138 

9 

133 

64 

188 

9 

133 

64 

133 

9 

133 

64 

133 

9 

133 

138 

133 

9 

138 

138 

133 

9 

133 

133 

133 

9 

133 

138 

133 

183 

138 

133 

133 

133 

183 

133 

133 

183 

183 

133 

133 

133 

000 

133 

183 

133 

000 

133 

133 

188 

ooa 

138 

ys» 

90 

133 

71 

120 

188 

188 

188 

188 

188 

183 

000 

000 

000 

000 

000 

000 

114 

114 

85 

85 

00 

00 

00 

00 

00 

64 

64 

74 

64 

56 

65 

64 

64 

28 

28 


67 


Sept. 


28 
86 
86 
86 
86 
86 
86 
86 
86 
86 
88 
86 
86 
88 
86 
88 
86 
86 
86 


28 
00 
00 
00 
00 
00 
00 
00 


» 


NoTB.^There  was  no  flow  during  the  montha  of  January,  October,  November,  and  December. 
MisceUaiieous  discharge  measurements  of  Tuolumne  River,  California, 


Date. 


July  31 


1889. 


August  6.. 
August  12. 
August  10. 
August  28. 


Locality. 


Below  Rancherla  Creek,  Hetch  Hetcby  Yal- 

...!^L 

do 

do 

do 


Hydrographer. 


Dis- 
chargou 


H.  Ramel 


.do 

do 

.do 

.do 


Sec-feet. 

fsas 

.      230 

131 

101 

69 


SAN  JOAQUIN  RIVER  AT  HERNDON,  CALIFORNIA. 

This  station,  established  by  the  Southern  Pacific  Railway  Company 
in  1879,  is  at  the  iron  highway  bridge  crossing  the  river  at  Hemdon. 
The  bed  of  the  stream  is  of  sand  and  gravel,  and  the  section  has 
changed  materially  several  times  during  1900.  A  reconnaissance  has 
been  made  of  the  river  above  PoUasky,  with  the  view  to  locating  a  new 
station  where  the  section  will  be  permanent,  and  a  relocation  will 
probably  be  made  in  1901.  The  station  at  Herndon  is  described  in 
Water- Suppl}'^  Paper  No.  38,  page  395.  Results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
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page  466.     During  1900  the  following  measurements  of  discharge  were 
made  under  the  direction  of  J.  B.  Lippincott: 

Discharge  mecLsurements  of  San  Joaquin  River  at  Hemdony  California, 


Date. 


Gaee 
height. 


1900 

April  3 

Ma7  15 

June  18 

August  9 


Date. 


Sec.'feet. 

2.641 

4,448 

3,710 

466 


1900. 

September  1 

September  28.. 
December  30  ... 


Gage  Dis- 

height.     charge. 


Daily  gage  height^  in  feet j  of  San  Joaquin  River  at  Herndon,  Calif ornia,  for  1900, 


Day. 

Jan. 

4.8 
4.7 
9.3 
10.2 
5.8 
4.9 
4.5 
4.2 
4.1 
3.9 
3.1 
3.1 
3.7 
3.7 
3.7 
3.7 
8.7 
3.7 
3.7 
3.7 
3.7 
3.5 
8.5 
3.4 
3.2 
3.3 
3.2 
3.8 
3.3 
3.3 
8.2 

Feb. 

Mar. 

Apr. 

4.8 
4.6 
4.4 
4.6 
4.4 
4.4 
4.3 
4.1 
4.4 
4.2 
4.4 
4.2 
4.2 
4.2 
4.2 
4.2 
4.1 
4.0 
4.1 
4.6 
4.9 
4.8 
4.7 
4.5 
4.5 
4.5 
4.5 
4.3 
4.2 
4.2 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.3 
3.2 
3.3 
3.3 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
8.0 
3.0 
3.0 
8.0 
3.0 
3.0 
8.0 
2.9 
3.2 
3.3 
3.3 
3.3 
3.1 
3.0 
8.0 
8.0 
3.0 
3.0 

3.2 
3.3 
3.3 
3.6 
4.9 
3.6 
3.1 
3.1 
3.1 
3.1 
4.0 
4.0 
4.1 
4.4 
4.7 
4.7 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.4 
4.3 
4.3 
4.3 
4.3 
4.2 
4.3 
4.4 

4.5 
4.5 
4.5 
4.5 
4.8 
5.1 
5.1 
5.3 
5.4 
6.1 
6.3 
6.3 
5.8 
5.3 
5.2 
6.2 
7.2 
7.2 
7.9 
7.6 
7.4 
7.7 
8.0 
7.5 
7.1 
7.1 
7.4 
7.3 
7.1 
7.2 
7.3 

7.2 
7.3 
7.1 
7.0 
6.9 
6.8 
7.4 
7.5 
7.6 
7.4 
6.9 
6.6 
6.3 
6.3 
6.1 
5.8 
5.5 
5.7 
5.8 
5.7 
6.5 
6.4 
8.2 
5.9 
5.9 
5.7 
5.5 
5.6 
5.6 
5.4 

5.3 
5.0 
4.9 
4.4 
4.3 
4.2 
4.2 
4.2 
4.3 
4.3 
4.1 
4.0 
4.0 
4.0 
3.9 
3.8 
8.8 
8.7 
8.6 
3.6 
8.5 
8.5 
3.5 
3.5 
8.2 
3.2 
3.1 
3.1 
8.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.4 

2.4 
2.4 
2.3 
2.3 
2.7 
3.3 
3.0 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.7 
2.8 
2.8 
3.1 
3.3 
3.1 
3.0 
3.0 
2.8 
2.8 
2.7 
2.7 
2.6 
2.7 

2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
4.1 
3.7 
3.7 
4.9 
12.0 
6.8 
5.6 
4.7 
4.5 
4.2 
4.0 
4.0 
3.8 

3.8 

2 

3.8 

8 

8.8 

4 

6 

3.7 
8.7 

6 

3.7 

7 : 

3.7 

8 

9 

3.7 

3.8 

10 

3.8 

11 

3.8 

12 

3.7 

13 

3.6 

14 

3.6 

15 

3.6 

16 

3.5 

17 

18 

8.5 
8.5 

19 

8.6 

20 

8.6 

21 

3.5 

22 

8.5 

28 

3.6 

24 : 

3.6 

25 

26 

8.4 
3.8 

27 

8.4 

28 

8.4 

29 

30 

31 

3.3 
3.3 
3.3 

KING  RIVER  NEAR  RED   MOUNTAIN,    CALIFORNIA. 

The  waters  of  King  River,  coming  from  a  high  catchment  basin  on 
the  western  slope  of  the  Sierra  Nevada,  are  probably  of  greater  value 
for  irrigation  purposes  than  those  of  any  other  stream  in  central  Cali- 
fornia. During  the  summer  of  1900  the  mountainous  basin  of  the 
river  was  explored  for  reservoir  sites  and  for  power  possibilities,  and 
although  numerous  reservoir  sites  were  surveyed,  not  one  of  them  was 
considered  commercially  feasible.  A  good  reservoir  site  was  discov- 
ered, however,  in  Clarks  Valley,  in  the  foothills  outside  of  King  River 
Canyon.  A  reservoir  at  that  place  could  be  filled  with  water  from 
King  River  that  would  run  to  waste  during  the  fall  and  winter 
months,  and  by  utilizing  electric  power  developed  from  the  river  for 
pumping  purposes,  the  amount  of  irrigated  land  in  the  vicinity  of 
Fresno  could  be  doubled. 
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The  gaging  station,  established  September  3,  1895,  is  southwest  of 
Red  Mountain  and  is  15  miles  east  of  Sanger,  at  the  mouth  of  the 
canyon  of  the  river  and  above  all  diversions.  It  is  described  in  Water- 
Supply  Paper  No.  30,  page  403.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  468. 
During  1900  the  following  measurements  of  discharge  were  made  under 
the  direction  of  J.  B.  Lippincott: 

DfscJiarge  measurements  of  King  Ritx*r  near  Red  Mountain,  California. 


Date. 


Gaffe 
heif^nt. 


Dis- 
charge. 


Date. 


1900. 

ApriU 

May  16 

June  19 

August  10 


Feet. 
6.54 
9.20 
8.59 

4.ao 


Sec- feet. 

2;  035 

6,430 

5,072 

427 


1900 
September  4... 
September  27.. 
December  29 . . 


^et. 
4.28 
8.82 
4.65 


Sec-feet. 
405 
290 
576 


Daily  gage  lieight,  in  feet,  of  King  Rii^er  near  Red  Mountain,  California,  for  1900. 


Day. 


1.... 

2.... 
3.... 
4.... 

5.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12..-. 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
28.... 
23.... 
24.... 
25.... 
26.... 
27.... 
2d.... 
29.  .. 

ao.... 

31.... 


Jan. 

Feb. 
5.0 

Mar. 

Apr. 

6.4 

5.0 

7.3 

6.3 

5.0 

5.0 

6.0 

11.3 

5.0 

.5.0 

6.8 

8.4 

6.0 

6.9 

6.5 

7.0 

5.0 

6.1 

6.6 

6.6 

4.9 

6.7 

6.5 

6.3 

4.9 

5.5 

6.0 

6.0 

4.9 

5.3 

6.4 

5.9 

4.8 

5.4 

6.1 

5.7 

4.8 

6.7 

6.5 

5.6 

4.8 

6.0 

6.3 

5.5 

4.8 

6.1 

6.2 

5.5 

4.8 

(a) 

6.2 

5.5 

4.8 

6.4 

5.5 

4.8 

6.0 

5.5 

4.8 

6.2 

5.4 

4.8 

6.3 

6.5 

4.9 

6.7 

7.1 

5.4 

5.0 

6.6 

7.0 

5.4 

6.1 

6.5 

7.2 

5.4 

5.0 

6.5 

7.3 

5.3 

5.0 

6.6 

7.0 

5.3 

5.0 

6.5 

6.9 

5.3 

5.0 

6.5 

6.9 

5.3 

6.0 

6.5 

6.8 

5.2 

5.0 

6.8 

6.7 

5.1 

5.0 

6.6 

6.8 

5.1 

5.0 

6.6 

6.5 

5.1 

6.7 

6.5 

5.1 

6.8 

6.6 

5.1 

""-•-• 

7.1 

May. 


6.6 
6.5 
6.5 
6.7 
7.1 
7.3 
7.5 
7.8 
8.2 
8.6 
8.9 
7.9 
7.7 


.9 
4 
1 


i 

8. 

9. 

9.8 

10.0 

10.0 

9.9 

9.9 

10.0 

10.2 

9.5 

9.2 

10.0 

9.8 

9.8 

9.5 

10.0 

10.0 


June. 


9.6 
9.7 


9. 
9. 
9. 
9. 
9. 


9.2 
8.9 
8.7 
8.5 
8.4 
8.5 
8.3 
8.1 
8.0 
8.0 
8.8 
8.6 
8.7 
8.6 
8.5 
8.2 
8.1 
8.1 
8.2 
8.0 
7.8 
7.7 
7.4 


July. 


7.0 
6.8 


5 
3 


Aug. 


6.2 
6.1 
6.4 
6.4 
6.3 
6.8 
6.2 
6.1 
6.0 
5.8 
5.7 
5.6 
6.4 
5.3 
5.3 
5.3 
5.3 
5.4 
5.2 
5.7 
6.0 
4.9 
4.8 
4.8 
4.7 
4.7 
4.6 


4.6 
4.7 
4.7 
4.7 
4.6 
4.5 
4.8 
4.4 
4.4 
4.3 
4.3 
4.2 
4.1 
4.1 
4.1 
4.1 
4.9 
4.1 
4.0 
4.0 
4.0 
4.1 
4.0 
4.0 
3.9 
.3.9 
8.9 
3.9 
3.9 
8.8 
8.8 


Sept. 


3.9 
8.9 
3.8 


3.9 
3.9 
3.9 
3.9 
3.9 
8.9 
8.8 
3.8 
3.8 
8.7 
8.7 
3.8 
3.7 
8.8 
3.8 
3.8 
3.8 
8.8 


Oct. 

Nov. 

3.8 

8.9 

3.7 

4.0 

3.8 

8.9 

4.0 

8.9 

4.1 

8.9 

4.2 

8.9 

4.0 

3.8 

4.0 

8.8 

4.0 

3.9 

3.9 

S.9 

3.9 

3.9 

8.9 

3.8 

3.9 

3.8 

3.9 

8.8 

8.9 

8.8 

8.9 

4.0 

8.9 

7.8 

8.9 

4.8 

3.9 

4.7 

8.9 

4.7 

4.3 

12.4 

4.2 

8.0 

4.1 

6.6 

4.1 

6.2 

4.0 

6.0 

4.0 

5.8 

4.0 

6.6 

4.0 

5.5 

3.9 

5.3 

8.9 

6.4 

8.9 

Dec. 


5.3 
6.3 
6.1 
6.1 
5.1 
6.1 
5.2 
6.2 
6.2 
6.0 
6.0 
4.9 
4.9 
4.8 
6.0 
4.8 
4.8 
6.0 
4.9 
4.8 
4.8 
4.8 
4.9 


4.0 

■■4.7 

4.7 

4.7 

4.7 

4.6 

4.6 

a  March  13  to  17  no  readings. 


KING   RIVER  NEAR  KINGSBURG,  CALIFORNIA. 

The  Southern  Pacific  Railroad  Company  has  maintained  gage  read- 
ings at  the  railroad  bridge  1  mile  south  of  Kingsburg  since  1879,  and 
it  is  through  their  courtesy  that  the  following  record  of  gage  heights 
for  1900  has  been  furnished  to  the  Survey.  Gage  heights  for  1899 
will  be  found  in  Water-Supply  Paper  No.  39,  page  405.  No  measure- 
ments of  discharge  were  made  here  during  1900. 


CALIFORNIA. 
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DaUy  gage  height,  in  feet,  of  King  River  near  Kingtiburg,  California,  for  1900, 


Day. 


1 

6.58     6.68 
6.42     6.60 
8.83  !  6.42 
9.50  '  5.42 
7.75    5.33 

7.16  5.26 
6.92  '  5.08 
6.75     4.83 
6.50  ;  4.50 
6.42     4.50 
6.33  1  4.33 
6.25     4.25 

6.17  4.25 
6.17     4.50 
6.17     4.92 
6.17  :  4.50 

i  4.75 
'  4.83 

2 

3 

'  4.92 

4 

5 

5.17 
6. 75 

6 

7 

5.25 
4.98 

8 

4.50 
4.25 

9 

10 

4.17  , 

11 

-  4.8!)  1 

12 

13 

5.17 
5.00 

14 

5.25 
5.50 

5.58 
4.92 

15 

16 

17 

6.17 

4.25 

18 

6.17 
6.12 

4.25 
4.25 

6.00 

19 

6.00 

ao 

6.08 

\  H\ 

5.08 

21 

6.08  1  4.58 
6.08  ;  4.83 
6.08  !  4.83 
6.00     4.H3 

4.50  1 

22 

4.42  ' 

4.25  , 

24 

4.17  ' 

25 

6.00 
5.92 
5.83 
5.76 
6.75 
5.67 
5.67 

4.75 
4.75 
4.67 
4.83 

4.17 

28 

27 

4.S 

6.00 

8H 

4.50 

29 

30 

31 

4.17 
4.42 

4.83 

1 

4.50 
4.92 
4.50 
4.00 
3.58 
3.33 
3.58 
5.75 
5.00 
4.92 


4. 
4. 
4. 
4. 
4. 
4. 


58 
58 
67 
75 
67 
58 
4.67 
4.25 
4.25 
4.67 
6.50 
6.50 
6.50 
5.25 
67 
67 
33 
00 
3.83 
4.00 


4.33 
4.42 
4.25 
4.25 
4.67 
6.00 
5.50 
5.83 
6.50 
7.17 
7.60 
7. 75 
7.08 
6.75 
6.92 
8.00 
8.75 
9.00 
9.  OP 
9.25 
9.06 
9.50 
9.17 
9.08 
8.25 
8.50 
8.75 
9.00 
8.25 
8.50 
8.50 


7. 
7. 
7. 


8.33 
8.33 
8.25 
8.00 
7.67 
7.67 
8.00 
8.08 
83 
67 
08 
33 
6.83 
6.88 
6.58 
6.50 
6.42 
6.33 
6.50 
6.75 
6.83 
6.75 
6.68 
6.42 
6.25 
6.06 
6.08 
6.17 
6.06 
6.92 


July. 


6.50 
6.33 
4.76 
4.25 
3.8:3 
4.50 
4.60 
4.67 
6.00 
6.60 
5.33 
5.00 
4.83 
5.00 
4.76 
4.60 
4.33 
4.17 
4.25 
4.25 
4.17 
4.33 
4.42 
4.50 
4.50 
4.50 
4.67 
4.67 
4.67 
4.76 
4.75 


Ang. 


4.76 
4.67 
4.67 
4.67 
4.67 
4.58 
4.58 
4.68 
4.58 
4.68 
4.58 
4.42 
4.33 
4.26 
4.17 
4.08 
4.00 
3.83 
8.75 
3.67 
3.58 
8.60 
8.50 
8.42 
3.33 
3.58 
8.58 
8.60 
8.50 
8.42 
8.42 


Sept 


3.42 
3.49 
8.42 
3.42 
8.42 
3.67 
8.75 
8.68 
3.68 
8.58 
8.60 
3.42 
3.33 
3.33 
3.25 
3.25 
3.75 
3.92 
3.92 
3.83 
3.33 
8.17 
3.17 
3.08 
3.00 
3.17 
3.33 
8.92 
4.17 
4.00 


Oct.    Nov. 


4.00 
8.88 
8.75 
8,75 
3.83 
4.42 
4.60 
4.25 
8.75 
3.25 
8.17 
3.17 
8.17 
8.00 
2.92 
3.06 
3.17 
3.17 
3.17 
8.08 
3.08 
3.8:3 
3.67 
3.50 
3.60 
3.42 
8.33 
3.83 
8.33 
3.83 
3.42 


8.33 
3.42 
8.58 
8.68 
8.68 
8.60 
3.42 
3.42 
8.60 
3.60 
3.50 
3.68 
3.58 
3.60 
3.50 
3.75 
4.58 
7.00 
5.83 
6.50 
8.42 
12.68 
7.17 
6.60 
6.17 
6.00 
6.92 
6.75 
6.50 
6.42 


xjec. 


5. 
6. 
5. 


5.42 
6.38 
25 
f& 
88 
5.33 
6.25 
5.42 
6.42 
5.33 
6.25 
5.17 
5.00 
4.83 
4.75 
5.00 
4.83 
4.83 
4.92 
4.92 
4.83 
4.83 
4.83 
4.68 
4.68 
5.00 
4.83 
4.68 
4.58 
4.33 
4.25 


KERN  RIVER  BASIN,    CALIFORNIA. 

During  the  summer  of  1900  a  reconnaissance  of  the  drainage  basin 
of  Kern  River  was  made  by  Mr.  Frank  H.  Olmsted,  whose  report  has 
been  published  in  Water-Supply  Paper  No.  46.  The  following  table 
gives  the  discharge  measurements  of  the  streams  which  were  made 
during  the  progress  of  the  investigation,  arranged  in  geographic  order, 
from  the  head  downstream : 

MistxUaneous  discharge  measurements  in  Kern  River  Basin, 


Date. 

Stream. 
Whitney  Creek 

Locality. 

Gaffe 
height. 

Dis- 
charge. 

1900. 
June  25 

Tunnel  on  divide 

Feet. 

Sec-feet. 
4.72 

June 27 

do 

Lava  bridse -...- - 

89.11 

Do 

Creek  south  of  Bald  Moun- 
tain. 
North  Pork  of  Kern  River . 
Onemile  Creek 

Near  mouth 

17.64 

Do 

800  feet  above  Kern  Lake 

999.60 

June  25 

1  mile  below  Kern  Lake 

4.87 

Do 

Harris  Creek 

At  mouth -_.... 

8.46 

Do 

June  24 

North  Pork  of  Kern  River. 

Little  Kern  River 

North  Needles  Creek 

Tibhetts  Creek 

8,000  feet  above  junction  with  Little 

Kern  River. 
At  junction  with  Kern  River 

0.886 

1.164.90 
81.00 

Do 

At  Needles  Peak.. 

4.26 

June 29 

8,300feot  elevation 

1.80 

June 25 

do 

1  mile  above  mouth.. 

2.87 

June 28 

South  Needles  Creek 

Clark  Creek   

Needles  Peak 

5.82 

Do 

Dry  Meadows 

6.19 

June  29 

Brush  Creek 

Above  North  Fork:  ele/ation  5.600  .. 

8.22 

Do 

North    Pork    of    Brush 

Creek. 
Jacknon  Creek 

Elevation  6,800 

1.04 

June 23 

Dry  Meadows 

5.74 

Do 

Wade  Creek 

do - 

5.07 

June2S 

Tobias  Creek 

At  mouth 

2.92 

June 30. 

Salmnn  Creek 

Horse  Meadows 

4.06 

June 22 

do 

At  mouth 

8.46 

Do 

Ant  Creek 

do 

.18 

June  21 

Bull  Run  Creek 

Near  mouth 

2.80 
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Miscellaneous  discharge  measurements  in  Kern  River  Basin — Ck>ntinned. 


Date. 


stream. 


June  22. 
July  3.. 
June  20. 


June  30. 
June  28. 
July  2 . . 

June  26! 

Julys.. 
June  19. 


Corral  Creek 

Hooper *8  mill  ditch 

North  Pork  of  Kern  River . 


.do 


South  Fork  of  Kern  River. 

Powers'8  ditch 

South  Fork  of  Kern  River . 
do 


Neirs  ditch . 
Basin  Creek 


Locality. 


Near  mouth 

Qjupinfif  station 

4,000  feet  above  junction  with  South 

Fork,  at  Hooper's  mill  bridge  (new 

gMfing  station). 

Menac&e  Meadows 

Near  head 

T.26  8.,  R.86E 

700  feet  above  junction  with  North 
Fork. 

Isabella 

Rankins's  ranch,  Walkers  Basin 


Oase 

hei^t 


Feet. 


4.600 


4.136 


Dis- 
charge. 


Sec-feet 

0.33 

7.31 

1,333.17 


835.25 

3.67 

2.38 

11.06 

14.18 


1.96 
1.33 


The  California  Power  Company  maintained  observations  on  the 
North  Fork  of  Kern  River  just  below  the  mouth  of  Tobias  Creek  from 
July  21  to  October  16,  inclusive,  1900,  from  which  dail}^  discharge  meas- 
urements have  been  estimated.  The  following  record  has  been 
furnished  to  the  Survey  through  the  courtesy  of  F.  C.  Finkle,  chief 
engineer  of  the  California  Power  Company: 

Estimated  daily  discharge,  in  second-feet^  of  North  Fork  of  Kern  River  below  the 

mouth  of  Tobias  Creeky  California,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept.  1  Oct 

1 

1 

334 
338 
306 
253 
244 
235 
231 
230 
220 
2« 
226 
227 
226 
224 
2SSZ 

213 

213 
310 
306 
274 
266 
253 
246 
244 
244 
235 
232 
233 
230 
223 
220 
220 
214 

1 

204 
205 
206 
204 
203 
203 
202 
201 
201 
202 
202 
202 
202 
201 
201 
200 

18 

206 
2U2 
198 
196 
194 
193 
196 
195 
198 
194 
186 
187 
181 
178 

1 
215  1  

2 

19 

211 
211 
211 
207 
207 
207 
209 
20B 
208 
2011 
206 
207 

8 

20  

4 ^ 

21 

353 
845 
840 
336 
328 
319 
306 
288 
291 
285 
282 

5 

22 

6 

23 

7 

24 

8 

26 

0 

26 

10 

27 

11 

28 

12 

29 

13 

30 

14 

81 

15  .. 

Mean 

16 

817 

222 

• 

229 

206 

17 

KERN  RIVER  NEAR  BAKERSFIELD,  CALIFORNIA. 

This  station,  established  in  1893  by  Mr.  Walter  Jones,  chief  engineer 
of  the  Kern  County  Land  Company,  is  located  at  what  is  known  as 
First  Point  of  Measurement,  5  miles  above  Bakersfield,  and  at  the 
mouth  of  the  canyon  of  the  river.  Meter  measurements  are  taken 
once  a  week,  and  an  automatic  gage  records  daily  fluctuations  of  the 
river  heights.  Mr.  A.  K.  Warren,  the  engineer  in  charge  of  this  work 
for  the  Kern  County  Land  Company,  attends  to  the  discharge  meas- 
urements with  much  accuracy  and  precision,  and  furnishes  the  Survey 
with  the  final  results.  The  results  of  measurements  for  1899  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  469. 
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Estimated  daily  discharge,  in  second' feety  of  Kern  River  near  Bakersfieldf  Califor- 
nia, for  1900. 


Da7- 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

468 
356 
'369 
712 
753 
570 
486 
425 
390 
359 
839 
325 
308 
301 
296 
296 
293 
284 
280 
280 
311 
324 
324 
312 
810 
307 
307 
297 
283 
274 
290 

301 
291 
287 
282 
276 
268 
259 
255 
250 
262 
267 
299 
262 
257 
266 
265 
261 
260 
292 
306 
299 
307 
308 
296 
291 
298 
306 
813 

326 
327 
331 
343 
374 
892 
857 
369 
369 
358 
357 
377 
405 
432 
484 
482 
476 
456 
460 
463 
442 
419 
421 
453 
418 
427 
465 
479 
472 
438 
446 

456 
477 
506 
^9 
486 
487 
495 
497 
403 
455 
418 
389 
416 
442 
410 
407 
397 
396 
404 
428 
504 
567 
564 
660 
552 
537 
511 
478 
454 
466 

481 

491 

475 

.456 

496 

633 

620 

563 

580 

668 

1,060 

974 

913 

897 

858 

865 

1.004 

1,231 

1,891 

1,614 

1.568 

1,660 

1,676 

1,683 

1,486 

1,630 

1,726 

1,862 

1,733 

1,716 

1,786 

1,758 
l,n4 
1,772 
1,759 
1,629 
1,476 
1.481 
1,668 
1.563 
1,483 
1,879 
1,346 
1,304 
1,287 
1,188 
1,081 
1,010 
948 

1,137 

1.252 

1,283 

1.210 

1.123 

1,073 

983 

981 

936 

924 

866 

706 
733 
665 
807 
548 
500 
479 
486 
487 
492 
468 
426 
408 
394 
385 
374 

7m 

315 
283 
283 
274 
260 
274 
283 
251 
230 
225 
217 
213 
220 
222 

209 
191 
188 
194 
195 
189 
179 
169 
178 
172 
159 
161 
168 
149 
141 
130 
123 
117 
117 
120 
120 
120 
122 
114 
111 
109 
111 
106 
108 
106 
103 

106 
116 
182 
147 
190 
259 
257 
241 

213 
188 
176 
176 
171 
171 
166 
157 
156 
•  152 
146 
139 
139 
142 
144 
140 
141 
153 
156 
151 
147 

145 
142 
142 
148 
147 
155 
164 
165 
167 
158 
153 
161 
152 
156 
168 
1.56 
161 
160 
154 
153 
161 
160 
165 
171 
176 
178 
176 
176 
180 
176 
170 

167 
170 
173 
172 
184 
181 
177 
174 
174 
176 
172 
160 
170 
166 
168 
191 
228 
826 
352 
310 
499 
1.006 
094 
698 

m 

678 
672 
653 
488 
464 

430 

i 

3 

420 
410 

4 

405 

5 

406 

6 

410 

7 

423 

8 

415 

9 

415 

10 

412 

11 

409 

12 

807 

13 

382 

14 

371 

15 

16 

375 
865 

17 

357 

18 

358 

19 

382 

30 

376 

21 

358 

22 

346 

23 

360 

24 

380 

25 

316 

26 

327 

27 

844 

28 

841 

29 

825 

30 

807 

81 

299 

Mean ,. 

362 

280 

413 

472 

1,111 

1.288 

882 

144 

166 

159 

349 

373 

MOHAVE  RIVER  AT  VICTORVILLE,  CALIFORNIA.^ 

This  station,  established  February  27,  1899,  is  at  the  wagon  bridge 
at  the  gorge  at  Victorville  known  as  The  Narrows.  It  is  described  in 
Water-Supply  Paper  No.  39,  page  408.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
473.  During  1900  the  following  measurements  of  discharge  were 
made  under  the  direction  of  J.  B.  Lippincott: 

Discharge  measurements  of  Mohave  River  at  Victorville^  California, 


Date. 


1900. 

April  14 

April  28 

May  11 

May  23 

May  29 


Gage 
height. 

Dis- 
charge. 

Feet. 

See.' feet. 

0.90 

32 

.90 

88 

.90 

35 

.90 

29 

.90 

22 

Date. 


1900. 

Jane3 

June  20 

JnlyO 

July  26 


Dis- 
charge. 

Sec- feet. 
23 
27 
31 
28 


1  The  name  of  this  town  has  recently  been  changed  from  Victor  to  Victorrille. 
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Daily  gage  height ^  in  feetj  of  Mohave  River  at  Victorvillej  California^  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

May.  Jane. 

1 

July. 

Aug. 

Sept. 

Oct. 

Not.  Dec. 

1 

2 

3 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 
.85 
.86 

0.86 
.85 
.86 
.85 
.86 
.85 
.86 
.85 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.86 
.86 
.86 
.85 
.85 
.86 
.86 
.86 
.86 
.86 
.86 

0.85 
.86 
.85 
.  .85 
.85 
.85 
.85 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 
.86 
.86 
.85 
.86 
.85 
.86 
.86 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 

0.85 
.85 
.85 
.86 
.85 
.Ki 
.85 

.a5 

.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

0.90 
.00 
.90 

O.90 

.90 
.90 

4 

.90    .90 

6 

.90    .90 

6 

7 

.90  ,   .90 
.90    .91) 

8 

.90  •  .m 

9 

1.10 

1.10 

.90    .90 

10  

1.00 
1.00 

1.10 
1.10 

.90    .90 

11  

.90    .90 

12  

1.00  1  i.io 

1.00  1.10 
1.00  1.10 

.90    .90 

13  

.90  1   .90 

14 

.90    .90 

15 

1.00 

1.00 

.90  i   .90 

16 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

.90    .90 

17 

.90    .90 

18 

.90  1   .90 

1.00  1  1.00 
1.00  1.00 
1.00  '  1.00 
1.00  1.00 
1.00  1.10 

.90  ,   .90 

20 

.90  1   .90 

21 

3.00  ,   .ft) 

22 

.90    .90 

23 

.90    .90 

24 

1.00 
1.00 
1.00 
1.00 
1.00 

1.10 
1.10 
1.10 
1.10 
1. 10 
1.10 
1.00 
1.00 

.90    .90 

25 

.90    .90 

26 

.90  <   .90 

27 

.90    .90 

28 

.90    .90 

29 

30 

31 

.90    .90 

.00    .90 

.90 

1 

LOS  ANGELES  RIVER  AT  THE  NARROWS,    CALIFORNIA. 

Los  Angeles  River  heads  immediately  south  of  Santa  Clara  River, 
its  various  tributaries  receiving  their  supply  from  the  mountains  sur- 
rounding the  San  Fernando  Plains.  It  passes  out  of  the  lower  end  of 
the  plain  through  a  narrow  valley  known  as  The  Narrows,  at  the 
lower  end  of  which  is  the  city  of  Los  Angeles.  The  streams  entering 
San  Fernando  Valley  have  brought  down  immense  quantities  of  sand 
and  gravel  from  the  mountainous  area,  and  thus  have  formed  the  San 
Fernando  Plains.  This  coarse  deposit  acts  as  a  natural  regulator, 
absorbing  the  flood  waters,  which  gradually  appear  lower  down.  The 
rainfall  of  southern  California  has  been  deficient  for  the  last  few 
years,  but  the  discharge  of  Los  Angeles  River  at  The  Narrows  has 
been  exceptionally  constant,  the  decrease  in  1900  being  not  more 
than  20  per  cent  of  the  average.  On  account  of  the  numerous  law- 
suits which  have  arisen  regarding  water  rights  on  this  river,  a  thorough 
study  of  its  discharge  has  been  instituted  by  the  city  of  Los  Angeles, 
the  work  being  under  the  direction  of  J.  B.  Lippincott,  as  consulting 
engineer  for  the  city.  The  majority  of  the  measurements  have  been 
made  by  C.  A.  Miller,  although  a  number  of  them  were  made  by  F.  H. 
Olmsted,  city  engineer.  Several  weirs  have  been  placed  in  the  river 
where  the  measuremexits  are  made.  The  points  of  measurements  are 
as  follows,  in  order  downstream : 

Weir  A,  at  the  intersection  of  Pacoima  avenne  with  Los  Angeles  River,  in  the 
Lankershim  Rancho  subdivision. 
Weir  B,  at  the  intersection  of  Vineland  avenue  with  Los  Aingeles  Biver. 
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Weir  O,  at  the  interaection  of  Fernando  avenne  with  Los  Angeles  Biver. 

Weir  E,  at  the  southwest  corner  of  block  73,  Providencia  Rancho. 

Weir  G,  at  the  intersection  of  the  east  line  of  block  71,  Providencia  Rancho,  with 
Los  Angelee  Biver. 

Weir  L,  770  feet  above  weir  H. 

Weir  H,  approximately  300  feet  east  of  the  intersection  of  Bnena  Vista  street 
with  Lob  Angeles  River. 

Weir  I,  2,543  feet  below  weir  H. 

Weir  J,  600  feet  east  of  the  west  line  of  block  69,  Providencia  Bancho. 

Weir  K,  in  block  79,  Providencia  Bancho,  300  feet  west  of  center. 

Measuring  bridge  P,  near  the  southwest  comer  of  t^lock  81,  Providencia  Bancho, 
in  the  headworks  site  of  the  city  of  Los  Angeles,  commonly  known  as  the  Pomeroy 
&  Hooker  tract,  where  river  tnms  to  the  east  at  angle  of  90  degrees. 

Measoring  bridge  Q,  about  400  feet  above  the  junction  of  the  Yerdugo  Wash 
with  Lo6  Angeles  Biver. 

Measuring  bridge  No.  2,  about  600  feet  above  the  head  of  the  power  ditch  of  the 
Los  Angelee  City  Water  Company,  in  the  so-called  Crystal  Springs  tract. 

Weir  No.  7,  1  mile  below  the  head,  in  the  main  supply  ditch,  sometimes  called 
the  Woolen  Mill  ditch,  in  the  headworks  site. 

Measuring  point  No.  7B,  at  a  3-foot  cement  pipe  in  the  same  ditch,  west  of  bridge 
No.  2  and  at  the  Los  Felix  ranch  house. 

Weir  No.  17,  opposite  bridge  No.  2,  on  what  is  called  the  Glassell  tributary. 

(To  g^t  the  total  flow  of  river  at  bridge  No.  2,  there  should  be  combined  the 
flow  at  bridges  No.  2,  No.  17,  and  No.  7B.  In  case  measurements  were  not  taken 
on  the  main  supply  ditch  at  No.  7B.  the  measurement  observed  at  weir  No.  7,  above 
No.  73  on  the  main  supply  ditch,  was  used,  and  the  loss  between  No.  7  and  No.  7B, 
149  second-feet,  was  deducted.  This  is  shown  in  detail  in  the  table  for  bridge  No. 
2.  For  bridge  Q  a  similar  process  is  followed,  omitting  No.  17.  For  bridge  P 
the  observed  flow  at  the  bridge  is  combined  with  either  the  flow  at  No.  7  or  at 
No.7B.) 

Weir  No.  9,  at  the  mouth  of  Tujunga  Creek,  near  the  western  end  of  the  head- 
works  site,  and  near  the  intersection  of  Buena  Vista  street  with  Los  Angelee 
River. 

Weir  No.  10,  approximately  200  feet  west  of  weir  No.  9,  at  the  outlet  of  a  small 
cut  which  was  run  into  the  gravel  bed  for  the  development  of  water. 

Weir  M,  block  67,  Providencia  Bancho,  on  a  small  stream  entering  the  river  in 
the  headworks  tract. 


Discharge  measurements  of  Los  Angeles  Rivet'  at  tveir  A. 


Date. 


1899. 

AngofltU 

An^ostlff 

September  20 

September  36 

October  24 

November  24 

November  38 

December? 

December  28 


Dis-      Average 
^^^«^-  ,  moSh. 


Mean. 


Sec-feet. 
0.565 
.660 
.500 
.500 
.687 
.725 
.?21 
.678 
.768 


Sec-feet. 
^     0.612 

\  .500 
.687 
.723 

.723 


.649 


Date. 


1900. 

May  17 

June  12 

June  29 

August  1 

Augusts 

August  15 

August  31 

Septembers 

September  11... 
September  27 . . . 
November  10.-. 


Mean 


Dis- 
charge. 


Sec-feet. 
0.461 
.461 
.402 
.310 
.368 
.372 
.430 
.378 
.400 
.828 
.880 


Average 

for 
month. 


Sec- 


'eet. 
461 

.431 
.370 

.368 
.880 

.402 
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Discharge  measurements  of  Los  Angeles  River  at  weir  B. 


Date. 


Dis- 
charge. 


August  U 

September  20. 
September  28. 
Octobor24.... 
November  24 . 
November  28 . 
December  7 ... 
December  28. . 


Mean. 


Sec-feet. 
0.500 
.500 
.500 
.755 
.937 
.941 
.864 
.982 


Average 

for 
month. 


Sec-feet. 
U.500 

[       .500 

.755 

.039 

.928 


723 


Date. 


1900. 

May  17 

June  12 

June  29 

July  27 

August  1 

August  15 

Augu8t31 

Septembers 

September  11... 
September  27... 
November  10... 


Mean 


Dis-' 
charge. 


Sec-feet 
0.482 
.490 
.280 
.1<I0 
.180 
.197 
.219 
.209 
.288 
.176 
.200 


Average 

for 
month. 


See.-feet. 
0.482 

.3S5 

Am 

.196 


.SOR 

.aeo 


} 
1 


.278 


Discharge  measurements  of  Los  Angeles  River  at  weir  C 


Date. 


Dis- 
charge. 


1899. 

August  14 

August  28 

September  20 . . . 
September  26... 

October  9 

October  24 

November  24  ... 
November  28 ... 
December  28 


Mean. 


Average 

for 
month. 


Date. 


1900. 

May  17 

June  12 

July  27 

August  1 

Augusts 

August  15 

August  31 

Septembers  ... 
September  11  . . 
September  27  . . 
November  10... 


Mean 


Dis-     l-A'^o"*' 


1 
Sec- feet  J  Sec-feet. 

2.98 

2.96 

2.91 

2.91 

2.46 

2.4S 

2.50 

2.48 
2.48 

2.50 

2.55 

1.58  1 

. 

2.38  1 

l.fcfi 

1.63 

2.42 

2.42 

Discharge  measurements  of  Los  Angeles  River  at  toeir  E, 


Uj        [Average 

«Kalc^-.  1       for 
charge.  ^ 


1899. 

August  14 

August  28 

September  20 
September  26 
October  25 
November  17 
November  28 
December  18 
December  21 
December  26 


Mean 


Date. 


1900. 

May  15 

June  12 

June  29 

July  12 

July  27 

August  1 

August  15 

August  31 

Septembers... 
September  11 . . 
September  27 . . 
November  10... 


Mean 


<*-^- ;  minth. 


Sec-feet. 
5.45 
5.18 
4.81 
4.80 
4.80 
4.63 
4.47 
4.88 
4.49 
4.66 
4.80 
4.67 


Sw, 


I 


5.45 
4.» 

4.80 
4.63 

4.4A 


4.S* 


Discharge  uteasurements  of  Los  Angeles  River  at  toeir  O, 


Date. 


XnW. 

August  14 

August  28 

September  20... 
September  26 . . . 

OctoberO 

October  25 

November  17  . . . 
November  28  ... 

December  18 

December  21  — 
December  26 


Mean. 


Dis- 
charge. 


Sec-feet. 
7.92 
7.92 
7.60 
7.60 
7.66 
8.60 
9.17 
8.99 
8.90 
8.90 
8.92 


Average 

for 
month. 

Sec- feet. 
7.92 


7.60 
8.13 
9.08 

8.90 
8.33 


Date. 


Dis-     1^^^ 


19G0. 

May  16 

June  12 

June 29 

July  27 

August  1 

August  15 

August  31 

Septembers. ... 
September  11... 
September  27... 
November  13... 


Mean 


Sec-feet,  t  Sec-ffrt 


7.94 
7.68 
7.00 
6.46 
6.46 
6.80 
6.87 
6.72 
7.00 
6.68 
6.9» 


} 


h 


.94 
7.SI 
€u4^ 


6.* 
6.9* 

:.06 


OALIFOBNIA. 
Diacharge  meamrenienta  of  Los  ATigdes  River  at  u 


Dml«. 

.^s^ 

Average 
month. 

D.te. 

.£S.. 

month. 

im. 

Btcftei. 

1 

'il 

10.  oe 

10.02 
10,30 

10.W 
10.11 

i9oa 

"'i 

8 

1 
1 

\"-'Tu 

Mean -.., 

11.42 

1           I.U 

Di»charge  meeuurements  of  Lot  Angde*  Biver  at  u 


AnKiut  11 

ADgortSS 

September  SO... 
September  2e... 
Octobers 


November  28.. 


July  37 

Mean 

DfseAargie  measuremenU  of  Los  Angeles  River  at  weir  I. 


September  20.. 
BeptemberZS.. 

Octobers 

October  t6 

November  17 .. 
November  28 .. 
E>ecemberl3... 
December  26... 


-iSf 


le.ss 

Ifl.OB  . 
1.^66   I 


11.M   I 
U.W   [ 

U.80  I 
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Dincharge  measurements  of  Los  Angeles  River  at  xceir  J. 


Date. 


I  Discharge 

at  No.  7,    i  Discharice 
or  No.  7B+  over  weir. 
2.49.       I 


1809. 


Angost  U  .... 
AagnstSS  — 
September  80. 
September  20. 

October  9 

October  25.... 
November  17. 
November  28. 
December  13 . 
December  26 . 


Mean 


Total  dis- 
charge 
for  weir. 


Sec.'feet. 
18.69 
17.90 
17.90 
18.28 
18.06 
17.45 
18.02 
13.78 
13.90 
13.66 


Sec-feet.      Sec 


1900. 


May  15 

May  23 

June  12 

Jnne29 

August  15 

August  31  — 
Septembers.. 
September  11. 
September  27. 
November  10. 


Mean 


0.55 

.49 

.49 

.49 

.44 

1.85 

2.91 

6.71 

6.34 

6.73 


-feet. 
19.14 
18.30 
18.80 
18.77 
18.52 
19.30 
20.98 
20.49 
20.24 
20. ;« 


Average 

for 
month. 


} 


Sec-feet. 
18. 7B 

18.58 

18.01 

20.71 

20.31 


19.45 


20. 
16. 
19. 
16. 
18. 
19. 


09 
37 
81 
31 
49 
25 


19. 
17. 
14. 


81 
84 


1.39 
1.67 
.86 
.86 
.41 
.46 
.42 
.52 
.80 
1.40 


} 


21.48 
18.  <H 
20.67  il 
17.17  / 
18.90  \ 
19.71  If 


19.7V 
18. » 
19.31 


20.33  11 
17.98  i/ 
16.33  ' 


19.15 
16.33 


l^.i» 


Note.— Total  discharge  of  river  at  weir  J  equals  discharge  over  weir  +  discharge  at  No.  7,  or 
No.  7B  +  2.40. 

Discharge  measurements  of  Los  Angeles  River  at  weir  K. 


August  14  — 
August  28 .... 
September  20. 
September  26. 

OctoberO 

October  25.... 
November  17 . 
November  28. 
December  18.. 
December  26.. 


Mean 


May  15 

May  23 

July  2 

August  1 

August  15 

August  SI 

Septembers.. 
September  1 1 . 
September  27. 
November  10. 

Mean  ... 


Date. 


1899. 


1900. 


Discharffe, 
at  No.  7,     Discharge 
orNo.7B+  over  weir. 
2.49. 


Sec 


feet. 
18.50 
17.90 
17.90 
18.38 
18.06 
17.45 
18.02 
13.78 
13.90 
13.66 


Sec-feet. 

4.J3 

3.92 

8.91 

3.98 

4.13 

5.70 

6.97 

10.60 

10.69 

10. 9e 


20.09 
16.37 

16.  se 


19.81 
17.59 
14.84 


4.94 
4.94 
2.03 
2.66 

2.n 

2.55 
2.81 
2.80 
2.50 
4.12 


Total  dis- 
charge 
for  weir. 


Average 

for 
month. 


I 


21.20  \ 
21.80  i 


22.61 
20.09 
18.96 


I 


21.50 


21.% 
18.96 


20.85 


NoTK.— Total  discharge  of  river  at  weir  K  equals  discharge  over  weir  +  discharge  at  Na7.or 
No.  7B  +  2.49. 
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Discharge  measurementa  of  Los  Angeles  River  at  bridge  P. 


Dale. 


Diaoharge 
at  No.  7, 
or  No.  7B. 


August  2S 

September  20 
September  27 
OcftoberlO.... 

October  25 

October  28.... 
November  17. 
November  28. 
December  13 . 
December  26 . 


1809. 


Mean 


BfiaylS 

May  23 

June  12 

Jnly2 

July  12 

Angastl 

AuflTustS 

August  15 

September  8 
September  11 
September  28 


1900. 


Sec-feet, 
18.60 
17.90 
18.60 
18.08 
17.46 
17.46 
18.02 
13.18 
13.90 
13.66 


Dischai^fe 
at  bridge. 


Sec-feet. 
20.22 
19.36 
21.08 
19.81 
17.68 
21.06 
2f>'rB 
27.75 
31.94 
27.67 


17.60 
13.88 
17.32 
13.83 
14.00 
14.00 
14.00 
16.00 


21.22 
20.28 
18.50 
19.51 
16.99 
17.04 
18.71 
19.94 
19.20 
19.67 
18.38 


Total  dis- 
charge at 
bridge. 


SeC'feet. 
38.88 
37.26 
30.74 
37.80 
85.07 
38.51 
43.75  I 
40.93 
46.84 
41.33 


Average 

for 
montlL 


Sec-feet. 
38.88 

38.50 


37.16 


42.34 
43.58 


I 


40.00 


38.82 
34.16 
86.91 
38.34 
30.99 
31.04 
32.71 
85.94 


I 


36.49 
35.91 
33.16 

33.23 


Note.— Total  discharge  of  river  at  bridge  P  equals  discharge  at  bridge  +  discharge  at  No.  7,  or 
discharge  at  No.  7B. 

Discharge  measurements  of  Los  Angeles  River  at  bridge  Q, 


Date. 


Discharge 

at  No. 
7-2.49,  or  7B 


September  20. 
September  27. 
October  10.... 
October  25.... 
October  28-..- 
November  17. 
November  20. 
December  13 . 
December  26 . 


iSBVm 


Mean 


1900. 


May  15 

May  28 

June  12 

July  2 

July  12 

August  1 

September  8.. 
September  11. 
September  28. 


Mean 


Sec-feet. 

15.41 

18.17 

15.50 

8.31 

8.23 

9.36 

12.20 

11.41 

11.17 


17.60 
13.88 
17.32 
13.83 
14.00 
14.00 


17.:© 

15.10 


Discharge  I  J?iSL^lT 
atbrid?e.r%^SS,'^^ 


Average 

for 
month. 


Sec 


U 


eet. 
12 
27.99 
27.77 
27.66 
36.48 
39.71 
33.83 
35.99 
31.86 


28.42 
27.97 
27.64 
26.20 
24.70 
24.48 
27.09 
26.22 
29.33 


Sec-feet. 
43.53 
44.16 
43.86 
35.87 
44.71 
49.07 
46.09 
47.40 
43.03 


46.02 
41.85 
44.96 
40.08 
38.79 
38.48 


43.54 
44.43 


Sec-feet. 
43.84 

41.31 


/ 


47.58 
45.21 

44.49 


43.  to 
44.96 
39.41 
38.48 


} 


43.96 


42.15 


Note.— Total  discharge  of  river  at  bridge  Q  equals  dischargu  at  Q  +  discharge  at  No.  7-2.40,  or 
No.  7B. 
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Discharge  measurements  of  Los  Angeles  River  at  bridge  No.  S. 


Date. 


1889. 


August  19 

Ausrti8t25 

September  20. 
September  27. 
October  10... 
October  25.-.. 
October  28.... 
October  31.... 
November  17 
November  29 . 
December  13. . 
December  26. . 


Mean. 


May  16 

May  23 

Jane  12 

Jiily2 

July  18 

Angnst  1 , 

Augusts 

August  15 

August  31 

September  8 . 
September  11 
September  28 
November  10 


1900. 


Mean. 


Discharge 

atNo.7~ 

2.49,  or  No. 

7B. 


Sec. 


t 


'eet. 

5.59 

16.17 

15.41 

16.17 

15.50 

8.21 

8.23 

8.78 

9.86 

12.20 

11.41 

11.17 


Total  dis- 


Discharge  Discharge   /i,™  "fj  >  Average 
at  No.  17.  .at  bridge.    ^?,SfL      for  month. 


Sec. 


17.60 
13.88 
17.32 
13.83 
15.32 
14.00 
14.00 
16.00 
16.76 


17.82 
15.10 
14.84 


feet 
0.06 
.06 
.06 
.06 
.05 
.05 
.05 
.05 
.06 
.06 
.07 
.07 


Sec-feet. 
41.29 
42.41 
40.23 
40.07 
30.35 
48.88 
44.45 
48.73 
49.71 
43.40 
46.60 
46.89 


bridige. 


Sec 


0.14 
.14 
.14 
.10 
.14 
.10 
.10 
.10 
.10 


.20 
.06 
.10 


39.61 
38.46 
39.23 
35.38 
40.10 
34.62 
34.77 
38.58 
35.36 
34.27 
35.56 
34.28 
39.45 


I 


•feet. 
66.94 
58.64 
55.70 
56.30 
54.90 
57.14 
52.73 
57.56 
59.13 
55.66 
56.17 
56.13 


57.35 

62.48 
66.69 
49.31 
55.56 
48.72 
48.87 
54.68 
62.22 


} 


Sec-feet. 
67.7P 

fi«.00 

55.61 

57.30 
58.15 

56.99 

54.91 
56.69 
52.43 

51.12 


53.08  1 
49.46  / 
54.39 


51.27 
54. 3» 


53.46 


Note.— Total  discharge  of  river  at  bridge  No.  2  equals  discharge  at  Na  2  +  discharge  at  Ko. 
7B,  or  No.  7  -  2.49. 

Average  discharge  of  Los  Angeles  River  at  toeirNo.  9, 


Month. 


January  . 
February 

March 

April 

May 

June 


1899. 

1900. 

Sec-feet. 
1.17 

Sec.'feet. 
0.52 

1.00* 

.49 

1.16 

.39 

1.10 

.38 

.71 

.30 

.69 

.24 

Month. 


July 

August 

September 
October  ... 
November . 
December . 


Average  discharge  of  developed  tcater  at  weir  No.  10, 


Month. 


January  . 
February 

March 

April 

May 

June 


1899. 


Sec-feet. 


0.96 
.93 

.90 

.86 


1900. 


Sec-feet. 
0.89 
.81 
.86 
.79 
.82 
.79 


Month. 


July 

August 

September 

'  October  . . . 

November . 

December . 


IcW. 


1800. 


Sec-feet.  Scc.fret. 
0.79  I  0.74 

.79  I  .7i 

.83  I  .70 

.86  ' 

.94  I 

.91- 


Average  discharge  of  small  tributary  of  Los  Angeles  River  at  tceir  M, 


Month. 


Discharge. 


Month. 


1899. 

January 

February 

March 

April 

May 

June 


Sec-/eet. 

0.29  ,  July 

.20  August 

.21)  September. 

.14  Octol)er   ... 

.07  November. 

.06  I  December.. 


1899. 


.Dischai^e. 


Sec  -feet. 

Do. 
Do, 
Do. 
Do. 
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Average  diacharge  of  cut  of  West  Los  Angeles  Water  Company  in  San  Fernando 

VaUey,  from  gravel  beds  of  Los  Angeles  River, 


May.... 

Jnne... 
July.... 
Angnst 


Month. 


1800. 


Sec-feet 


6.01 


1900. 


Sec-feet. 
6.79 
5.85 
5.75 
6.87 


Month. 


Average  discharge  of  Los  Angeles  River. 


September 
October  ... 
November 
December. 


1899. 


1900. 


Sec-feet. 
h.02 
6.94 
6.07 
6.08 


Sec. 'feet. 


Measuring  point. 

Interven- 
ing 

distance 
along 
river. 

Average 
discharge, 
Angnst  to 
December, 
inclnsire, 
1899. 

Sec-feet. 
0.649 

Rate  of 

growth 

per  100 

feet,  1899. 

Average 
discharge, 
May  to  No 

vember, 

inclusive, 

190a 

Bate  of 

growth 

per  100 

feet,  1900. 

Weir  A 

Feet. 

Sec-feet. 
0.402 

10,880 

0.001 

0.001 

Weir  B 

.728 

.276 

3,480 

.066 

.064 

WeirC 

3.  OB 

2.52 

7.060 

.080 

.083 

WeirE  

5.89 

4.84 
7."0B"* 

4,585 

.053 

.'ids' 

.048 

WeirO 

8.33 

1,041 

."165 

WeirL 

9.42 

8.12 

770 

.424 

.810 

Weir  H 

12.68 

10.51 

2,543 

.210 

.183 

Weir  I 

17.97 

15.17 
i8.'89'" 

8,936 

.088 

.060 

Weir  J 

19.45 

8,600 

.KM) 

.'oeo 

WeirK 

23.06 

"'26^85' 

6,345 

.268 

.a7 

Bridge  P 

40.00 

si.'eo" 

4,6S0 

.095 

.168 

Bridge  Q 

44.49 

"  "42."i6"" 

6,756 

.185 

.167 

Bridge  No.  2 

56.99 

53.46 

\ 

ARROYO   SECO,  CALIFORNIA. 

This  stream  is  a  tributary  of  Los  Angeles  River,  which  it  joins  at 
the  city  of  Los  Angeles.  The  station  is  described  in  Water-Supply 
Paper  No.  39,  page  410.  During  1900  the  following  measurements 
were  made  at  the  cable  station  at  the  Terminal  quarries  by  E.  P.  Dewey 
and  W.  B.  Clapp: 

Discharge  mea^irements  of  Arroyo  Seco  near  Pasadena,  CaJifomia, 


Date. 


1900. 

Jannary  8 

JaDQaxT  4 

Marcho 

March  6 

May  5 

May6 

May? 

May  14 

November  20 


Discharge. 


Sec-feet. 

20.3 

4.3 

7.2 

1.2 

42.4 

10.5 

5.4 

2.2 

.2 


Date. 


November  21 
November  22 

Do 

November  23 
November  24 
November  26 
December  1.. 
December  6... 


1900. 


Discharge. 


Sec-feet 

144.0 

a580.0 

85.1 

81.0 

11.5 

8.7 

4.8 

1.4 


a  Estimated. 
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SAN  GABRIEL  RIVER  ABOVE  AZUSA,   CALIFORNIA. 

This  station  is  described  in  Water-Supply  Paper  No.  39,  page  410. 
All  of  the  surplus  waters  of  the  river  are  now  used  for  irrigation  pur- 
poses on  the  plain  in  the  vicinity  of  Azusa,  and  it  is  only  an  occasional 
flood  that  passes  the  gaging  station.  Previous  to  1899  it  was  difficult 
to  compute  the  discharge  of  the  river,  owing  to  the  location  of  the  sta- 
tion and  the  many  diversions  above  the  mouth  of  the  canal.  In  1898, 
however,  the  San  Gabriel  Electric  Company  completed  its  canal  sys- 
tem, and  measurements  are  now  obtained  with  greater  ease  and 
accuracy,  as  the  conduits  of  the  company  divert  the  entire  normal 
flow. 

The  season  of  1899  and  1900  was  notable  in  southern  California  for 
the  deficient  rainfall,  and  during  the  latter  year  only  one  flood  dis- 
charge passed  the  gaging  station.  On  November  21,  1900,  a  heavy 
rainfall  prevailed  in  southern  California,  and  during  the  night  of  that 
day  the  river  reached  7.2  feet  on  the  gage.  The  maximum  discharge 
of  this  flood  was  computed  by  taking  the  cross  section  and  fall  of  the 
stream  and  applying  the  Kutter  formula,  the  coefficient  of  roughness 
(n)  being  obtained  by  comparison  with  a  few  current-meter  velocity 
measurements.     The  calculated  discharge  was  5,168  second-feet. 

The  following  tables  are  condensed  from  data  presented  in  the 
United  States  Land  Office  suit  between  the  San  Gabriel  Power  Com- 
pany, applicants,  and  irrigators  in  the  vicinity  of  Azusa,  Duarte,  and 
Covina,  contestants.  The  tables  give  the  results  of  daily  gagings 
over  the  weirs  on  various  branches  of  San  Gabriel  River,  as  recorded 
by  the  San  Gabriel  Power  Company.  The  lengths  of  the  several  weirs 
are  as  follows: 

West  branch  of  North  Fork,  IS-inch  weir. 

North  branch  of  North  Fork,  86-inch  weir. 

West  fork  of  river  above  North  Fork,  36-inch  weir. 

Cold  water  Creek,  2^  miles  from  month,  18-inch  weir. 

San  Gabriel  River,  100  yards  above  Fish  Fork,  36-inch  weir. 

Fish  Fork  100  yards  above  month,  30-inch  weir. 

Iron  Fork  100  yards  above  month,  86-inch  weir. 

Estimated  (Uiily  discharge y  in  second-feet,  over  umr  on  the  west  branch  of  North 

Fork  of  San  Gabriel  River,  California^  for  1900, 


Day. 


July.  ,   Aug.   1  Sept 


1 

2 0.28 

3 .27 

4 '  .27 

6 ;  .26 

6 '  .28 

7 .24 

8 1  .23 

9 .25 

10 .23 

11 25 

\2 1  .25 

18 <  .22 

14 1  .27 

16 ,  .27 

1« .81 

17 '  .31 

I 

1 


0.23 
.23 
.28 
.28 
.17 
.23 
.23 

.12 
.12  1 
.19  I 
.19  , 
.19  I 
.19  I 
.15  I 
.26 
.23 


Sept. 

Oct. 

0.20 
.12 
.18 

.23 
.23 
.19 
.19 
.19 
.19 
.19 
.19 
.22 

1 

Day. 

July. 

0.27 
.31 
.39 
.80 
.24 
.26 
.26 
.28 
.87 
.87 
.26 
.23 
.23 
.23 

Aug. 

Sept. 
0. 15 

1 
Oct. 

0.19 

18 

0.23 
.23 
.22 
.22 
.22 
.22 
.22 
.22 
.23 
.16 
.18 
.25 
.20 

1 

.19 

19 

.15  ! 

.17 

20 

.12 
.15 
.12 
.15 
.22 
.27 
.28 
.20 
.22 
.20 
.17 

.23 

21 

.12 

22 

.12 

23 

.22 

24 

.18 

25 

.20 

28 

.22 

27 

.22 

28 

.23 

29 

.22 

.18 

30 1 

31    

18 

Mean 

.12 
.12 

.28 

.21 

.19 

.19 
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Estimated  daily  discharge,  in  secondrfeet,  aver  weir  on  the  north  branch  of  North 

Fork  of  San  Oabriel  River j  California,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

Jnly. 

Aug. 

Sept. 

Oct. 

1 

0.89 
.80 
.80 
.95 
.96 
.74 
.74 
.74 
.77 
.77 
.74 
.74 
.77 
.68 
.74 
.62 
.66 

0.62 
.62 
.62 
.62 
.60 
.65 
.61 
.61 
.83 
.61 
.61 
.63 
.61 
.63 
.63 
.60 
.50 

0.65 
.72 
.68 
.68 
.68  > 
.68 
.66 
.56 
.66 
.67 
.60 
.60 
.60 

18 

0.07 
.97 
.97 
.97 
.96 

1.07 
.95 
.05 
.96 
.68 
.68 
.80 
.86 
.68 

0.65 
.62 
.00 
.00 

"".66 

.62 
.62 
.56 
.67 
.57 
.57 
.74 

0.60 
.69 
.60 
.63 
.58 
.53 
.81 
.68 
.65 
.66 
.68 
.68 
.68 

2 

0.92 
.92 
.92 
.89 
.89 
.89 
.82 
.80 
.70 
.81 
.83 
.86 
.95 
.97 
.97 
.97 

19 

3 

20 

4 

21 

5 

22 

6 

23 

7 

24 

8 

26 

9 

26 

10 

27 

28 

11 

12 

20 

13 

80..: 

14 

81 

15 

Mean 

16 

.80 

.70 

.63 

.02 

17 

• 

Estimated  daily  discharge,  in  second-feet,  over  weir  on  West  Fork  of  San  Gabriel 

River,  California,  above  North  Fork,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

'        D.y. 

1 

Jnly. 

Ang. 

Sept. 

Oct. 

1 

0.55 
.62 
.68 
.62 
.53 
.65 
.65 
.55 
.44 
.34 
.29 
.26 
.24 
.20 
.13 
.12 
.16 

0.05 
.02 

""".'oe" 

.07 
.08 
.06 
.12 
.10 

0.12 
.12 
.12 
.12 
.08 
.11 
.16 
.12 
.12 
.16 
.16 
.12 
.12 
.16 
.16 
.16 
.16 

0.16 
.16 
.16 
.16 
.15 
.30 
.20 
.16 
.16 
.13 
.20 
.20 
.20 

18 

0.16 
.12 
.12 
.07 
.12 

0.12 
.10 
.12 
.12 
.10 
.07 
.06 
.06 

.11 
.12 
.12 
.16 
.16 

2 

19 

3 

20 

4... 

21 

5 

22 

6 

23 

7 

24 

8 

25 

.06 

.12 
.20 
.16 
.16 
.13 
.14 

9 

1  26 

10 

27 

.06 
.08 
.10 
.12 
.10 

11 

28 

.06 
.06 
.05 
.05 

12 

20 

13 

30 :.... 

14 

31.  

15 

Mean 

16 

.29 

.00 

.14 

.17 

17 

Estimated  daily  discliarge,  in  second-feet,  over  weir  on  Coldwater  Creek,  California, 

2\  miles  from  mouth,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1 

0.43 

0.52 
.58 
.62 
.57 
.55 
.56 
.51 
.61 
.56 
.60 
.66 
.62 

"0.'66* 
.62 
.61 
.63 
.61 
.58 
.58 
.68  < 
.55 
.60 
.60 
.64 

18  ...'. 

0.47 
.52 
.55 
.56 
.51 
.49 
.45 
.44 
.45 
.42 
.42 
.41 
.40 
.56 

2 

,  19 

3 

.49 
.46 
.54 
.53 
.60 
.50 
.53 
.56 
.53 
.61 
.46 
.47 
.45 
.45 
.47 

1  20 

4 

21               

6 

22 

6 

23 

7 

,-,. .... 

24 

8 

25               .... 

9 

26   

JO 

27 

0.87 
.49 
.50 
.47 
.46 

11 

28 

12 

i  20 

80 

13 

14 

81 

Mean 

15 

16 

.46 

.48 

.65 

.60 

17 
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Estimated  daily  diacharge,  in  second-feet,  over  weir  on  San  Gabriel  River,  Cali- 

fomva^  100  yards  above  Fish  Fork,  for  1900, 


Dvy. 


1 
2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 


July. 

Aug. 

Sept. 

Oct. 

2.24 
2.48 
2.48 

1.67 
1.67 
1.71 

1.72 

2.42 

1.80 

1.84 

2.33 

1.80 

1.84 

2.27 

1.80 

1.80 

2.06 

1.80 

1.72 

2.12 

1.80 

1.67 

2.09 

1.80 

1.84 

1.71 

2.15 

1.80 

1.80 

i.n 

2.09 

1.80 

1.72 

1.75 

2.15 

1.97 

1.76 

1.76 

2.15 

1.92 

1.72 

1.89 

2.08 

1.85 

1.76 

2.08 

1.80 

1.76 

2.12 

1.68 

1.80 

2.00 

1.76 

1.71 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Day. 


Mean 


July. 


2.00 
1.97 
1.97 
2.00 
2.00 
3.00 
1.97 
2.18 
2.00 
2.00 
1.95 
1.77 
1.77 


2.09 


Ang. 


1.68 
1.68 
1.64 
1.68 
1.68 
1.68 
1.68 
1.76 
1.68 
1.60 
1.60 
1.68 
1.68 
1.97 


1.75 


Sept 


I 


1.72 
1.T2 
1.68 
1.69 
1.68 
1.79 
1.89 
1.84 
1.84 
1.67 
1.63 
1.67 
1.79 


1.74 


Oct. 


1.75 


Estimated  daily  discharge,  in  second-feet,  over  weir  on  Fish  Fork  of  San  Gfabriel 
River,  California,  100  yards  from  mouth,  for  1900, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept 

Oct 

1 

1.42 

1.66 

1.68 

1.66 

1.28 

1.26 

1.16 

1.18 

1.08 

.96 

.96 

.98 

.98 

1.04 

1.02 

1.25 

.98 

0.95 
.90 
.95 
.96 
.93 
.98 
.98 
.98 
.90 
.89 
.95 
.95 

1.01 

18 

1.00 

1.00 

1.00 

1.12 

1.12 

'1.13 

1.06 

1.02 

.90 

.90 

.90 

.87 

.87 

0.84 
.84 
.95 
.89 
.90 
.90 
.90 
.92 
.92 
.92 
.92 
.99 
.95 

1.08 

0.80 
.86 
.84 
.84 
.80 
.98 
1.02 
1.01 
.96 
.78 
.80 
.81 
.84 

2 

19 

3 

0.99 

.96 

1.02 

1.08 

1.06 

.92 

.95 

1.02 

.99 

1.11 

1.11 

1.02 

.99 

.90 

.90 

'T.B2 

.92 

.96 

1.13 

1.10 

.99 

1.06 

.94 

.93 

20 

4 

21   

5 

22 

6 

23 

7 

24 

8 

1  25 

9 

26 

10 

27 

11 

28 

12 

29 

13 

30 

14 

31 

15 

Mean 

16 

1.11 

.96 

.96 

.94 

17 

Estimated  daily  discharge,  in  second- feet,  over  weir  on  Iron  Fork  of  San  Oabriel 

River,  California,  100  yards  from  mouth,  for  1900, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


July. 

Aug. 

Sept. 

Oct. 

1.97 
1.97 

1.06 
1.08 

0.87 

2.03 

1.06 

1.05 

2.09 

1.09 

1.12 

1.80 

1.16 

1.20 

1.91 

1.16 

1.12 

1.83 

.62 

1.09 

1.66 

1.16 

1.16 

1.55 

1.12 

1.09 

1.12 

1.68 

1.16 

1.12 

1.09 

1.50 

1.24 

1.12 

1.20 

1.39 

1.06 

1.09 

1.20 

1.42 

1.09 

1.09 

1.23 

1.42 

1.20 

1.12 

1.81 

1.44 

1.24 

1.16 

1.42 

1.12 

1.09 

1.42 

1.12 

1.16 

Day. 


18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

Mean 


July. 

Aug. 

Sept 

1.87 

1.08 

1.09 

1.87 

1.09 

1.09 

1.42 

1.16 

1.05 

1.81 

1.12 

.91 

1.84 

1.12 

.87 

1.87 

1.02 

1.12 

1.24 

1.02 

1.27 

1.29 

.96 

1.20 

1.24 

.95 

1.20 

1.26 

.95 

1.06 

1.21 

1.02 

1.01 

1.00 

1.09 

1.01 

1.14 

1.09 

1.16 

1.24 

1.12 

L60 

1.07 

LOO 

Oct. 


1.U 


Oalifobnia. 


4^6 


Estimated  daily  discharge,  in  second-feet,  of  San  Oabriel  canals,  California,  for 

1900. 


Day. 

Jan. 

1 

nf9  n 

2 

o22.0 

3 

40.0 

4 

5 

50.0 
050.0 

6 

040.0 

•• 

i  , .. . ..-..-_. 

40.0 

8 

a38.0 

9... 

a34.0 

10 

031.0 

11... 

32.0 

12 

031.0 

13.  „ 

odO.O 

14 

30.0 

15 

a29.2 

16 

o28.5 

17 

028.0 

18 

27.5 

19 

o27  0 

20 

o26.5 

21 

2B,0 

22 

a25.4 

23 

ff24.8 

24 

o^.2 

25 

34.5 

26 

a24.4 

27 

o24.8 

28 

24.2 

29... 

ao... 

31... 

a23.8 
23.4 
23.0 

Feb. 


a22.8 
022.7 
a22.6 
22.5 
23.0 
a22.5 
a22.2 
21.8 
21.5 
20.8 
20.6 
20.5 
20.4 
20.4 
20.3 
20.3 
19.5 
19.0 
19.0 
19.0 
18.7 
18.7 
17.6 
18.0 
18.0 
18.0 
18.0 
17.5 


Mar. '  Apr. 


.0 
,5 
,0 


17.0 
17.0 

ol7.5 

a27.5 

o30. 

a34, 
:b3. 

022.0 
21.0 
20.0 
20.0 
19.5 
19.3 
20.0 
18.0 
18.0 
18.0 
17.6 
18.4 
18.2 
18.1 
18.0 
25.0 
23.0 
20.0 
20.0 
19.5 
17.6 
17.0 
16.6 
15.5 


16.5 
16.0 
17.0 
16.0 
16.0 
16.5 
20.0 
17.6 
16.3 
16.1 
15.0 
al4.6 
al5.0 
al5.0 
al4.6 
al3.5 
al3.6 
ol3.0 
al3.0 
al4.0 
026.0 
022.0 
ol9.0 
18.5 
18.5 
19.7 
21.0 
21.5 
20.6 
18.5 


17.0 

17.0 

16.2 

25.0 

048.0 

54.0 

O54.0 

040.0 

O43.0 

O43.0 

056.0 

56.0 

52.0 

47.0 

41.6 

40.3 

89.0 

038.5 

036.5 

O31.0 

odO.5 

O29.0 

030.5 

029.5 

O27.0 

o24.0 

a23.5 

022.6 

o22.0 

021.0 

al9.5 


21.0 
21.5 
19.4 
al8.5 
I  18.0 
I  17.6 
017.5 

017.5 

I 

Vvf.'i 

1  17.5 

17.1 

>  18.1 

17.6 

16.0 

15. 

14. 

13. 

12. 

11. 

11.7 

10.9 

10.1 

11.0 

10.8 

10.1 

9.6 

9.6 

9.1 

8.3 


July. 

1 

Aug. 

1 
9.9 

3.5 

10.1 

3.5 

9.6 

3.5 

8.4 

3.5 

8.9 

4.4 

7.8 

4.6 

7.4 

4.4 

7.6 

4.3 

7.2 

4.5 

6.6 

4.7 

6.2 

4.0 

5.6 

4.6 

5.1 

4.3 

5.1 

4.5 

7.2 

4.1 

5.9 

3.9 

5.6 

3.7 

5.3 

4.3 

5.8 

4.6 

6.9 

4.5 

5.4 

4.0 

5.4 

3.6 

4.8 

8.6 

4.6 

8.6 

4.3 

8.6 

i.3 

8.6 

4.6 

3.7 

4.2 

3.6 

4.9 

3.6 

4.6 

3.9 

4.1 

4.3 

Sept.  Oct. 


4.5 
4.7 
5.2 
5.0 
4.6 
4.3 
4.1 


I 


0 
2 
3 
5 


4.5 
4.6 
4.8 
4.5 
4.1 
3.7 
3.5 
3.3 
3.4 


3. 
3. 


3.8 
6.2 
5.7 
5.2 
4.7 
4.8 
4.2 
3.9 


3.7 
4.2 

4.7 
4.8 
4.9 
4.9 
4.5 
4.3 
4.0 
4.0 
4.4 
4.7 
6.6 
6.4 
5.8 
5.3 
5.2 
5.5 
6.6 
6.0 
0.7 
5.5 


Nov. 


6. 
5. 
6. 
6. 
6. 
5. 


6.2 
6.7 
5.7 


5.3 

5.5 

5.5 

6.5 

5.6 

6.8 

5.8 

5.8 

5.8 

5.9 

5.5 

5.7 

5.7 

6.9 

6.2 

7.1 

13.4 

15.6 

13.2 

16.7 

631.8 


45.2 

48.0 
64.8 


Ji/OG* 


62.6 
49.6 
48.7 
46.2 
44.3 
42.9 
43.5 
42.3 
35.6 
35.6 
34.6 
81.4 
83.6 
32.9 
32.8 
82.4 


o  Estimated. 


6  Power  conduit  washed  out  soon  after  noon. 


San  Gabriel  River  at  Aziisa  was  dry  throughout  the  year  1900 — 
the  cauals  diverting  the  entire  flow — except  on  the  dates  given  in  the 
following  table,  and  excepting  also  November  21  to  December  31, 
inclusive,  for  which  period  the  record  is  not  obtainable : 

Discharge  of  San  Oabriel  River  at  Azusa,  California,  1900, 

Second-feet. 
January  3 49 

January  4 19 

May  5 38 

May  6 26 

May  11 9 

SANTA  ANA  RIVER  BELOW   WARMSPRINGS,    CALIFORNIA. 

The  original  station  was  established  in  June,  1896,  three-fourths  of 
a  mile  below  the  head  works  of  the  Santa  Ana  canal  and  opposite  the 
warm  springs  in  the  canyon.  A  change  of  location  of  the  gage  was 
necessitated,  owing  to  a  spillway  in  the  canal,  through  which  a  certain 
amount  of  water  from  the  Santa  Ana  flume  was  turned  into  the  river 
below  the  old  gage,  and  on  November  9,  1898,  a  new  rod  was  located 
800  feet  below  the  mouth  of  Warmsprings  Canyon  and  100  feet  above 
the  ford  on  the  canyon  road.  The  station  is  described  in  Water- 
Supply  Paper  No.  39,  page  418.  Results  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  484. 
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During  1900  the  following  measurements  of  discharge  were  made 
under  the  direction  of  J.  B.  Lippincott: 

April  14:  Gage  height,  2.20  feet;  discharge,  23  second-feet. 
May  5:  Gage  height,  4.35feet;  discharge,  244  second-feet. 
July  13:  Gage  height,  2.85  feet;  discharge,  22  second-feet. 
Novemher  20:  Gage  height,  3.80  feet;  discharge,  102  second-feet. 

Daily  gage  height,  in  feet,  of  Santa  Ana  River  below  Warmsprings,  California, 

for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

•Tune. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.80 

2.3tt 
2.58 
2.53 
2.45 
2.30 
2.2t) 
2.23 
2.30 
2.30 
2.30 
2.33 
2.38 
2.35 
2.23 
2.33 
2.23 
2.30 
2.33 
2.3«J 
2.33 
2.26 
2.2» 
2.28 
2.20 
2.16 
2.20 
2.16 
2.20 
2.20 

2.20 
2.23 
2.23 
2.23 
2.26 
2.26 
2.26 
2.30 
2.23 
2.26 
2.26 
2.23 
2.28 
2.23 
2.25? 
2.20 
2.23 
2.23 
2.30 
2  30 
2.23 
2.28 
2.26 
2.20 
2.28 
2.23 
2.23 
2.23 

M    *    B    •   M    • 

2.23 
2.23 
2.23 
2.28 
2.40 
2.33 
2.33 
2.33 
2.30 
2.26 
'2.2« 
2.23 
2.26 
2.26 
2.33 
2.26 
2.26 

2.2;^ 

2.23 
2.20 
2.26 
2.26 
2.4;^ 
2.37 
2.30 
2.30 
2.26 
2.28 
2.26 
2.28 
2.26 

2.20 
2.23 
2.33 
2.33 
2.33 
2.80 
2.23 
2.20 
2.80 
2.80 
2.26 
2.30 
2.23 
2.30 
2.26 
2.23 
2.20 
2.16 
2.16 
2.16 
2.50 
2.52 
2.45 
2.40 
2.80 
2.40 
2.47 
2.50 
2.69 
2.69 

2.64 
2.56 
2.50 
2.45 
4.40 
a4.24 
O4.20 
a3.55 
02.90 
2.69 
2.55 
08.10 
a2.76 
2.60 
2.66 
2.65 
2.65 
2.60 
2.56 
2.56 
2.58 
2.50 
2.47 
2.40 
2.37 
2.35 
2.23 
2.20 
2.20 
2.23 
2.20 

2.88 
2.85 
2.80 
2.80 
2.88 
2.80 
2.26 
2.80 
2.28 
2.28 
2.28 
2.20 
2.20 
2.26 
2.23 
2.20 
2.20 
2.20 
2.16 
2.16 
2.23 
2.26 
2.26 
2.30 
2.80 
2.80 
2.80 
2.26 
2.26 
2.20 

2.26 
2.88 
2.88 
2.80 
2.80 
2.85 
2.26 
2.23 
2.20 
2.20 
2.23 
2.26 
2.23 
2.80 
2.80 
2.23 
2.83 
2.83 
2.26 
2.23 
2.03 
1.95 
2.00 
2.00 
1.95 
1.90 
1.90 
1.95 
1.90 
1.90 
1.86 

1.85 
1.85 
1.86 
1.85 
1.85 
1.85 
1.85 
1.86 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.80 
1.85 
1.85 
1.85 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.80 
1.90 

1.85 
1.85 
1.90 
1.90 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.86 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.86 
1.90 
2.06 
2.00 
1.95 
1.90 
1.90 
1.90 

1.95 
1.95 
1.95 
1.96 
2.00 
1.95 
1.05 
1.90 
1.90 
1.90 
1.90 
1.95 
2.00 
2.06 
2.03 
1.95 
1.96 
1.95 
2.03 
1.95 
2.00 
2.00 
2.00 
2.00 
2.0U 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.08 
2.03 
2.16 
02.50 
02.90 
8.80 
07.70 
O5.10 
4.00 
8.75 
8.40 
3.20 
8.00 
2.90 
2.80 
2.75 

2.50 

2 

2.60 

8 

2.45 

4 

2.45 

5 

2.46 

« 

7 

2.45 
2.4o 

8 

2.45 

9 

2.45 

10 

2.45 

11 

2.4a 

12 

18 

14 

15 

16 

n  ■ •_ 

2.45 
2.45 
2.45 
2.45 
2.45 
2.40 

18 

2.40 

19 

2.40 

20 

2.40 

21 

2.40 

22 

2.35 

28 

2.% 

24 

25 

2.% 
2.35 

28 

27 :.. 

2.& 
2.35 

28 

2.35 

20 

80 

81 

2.33 
2.35 
2.35 

o  Estimated. 


MILL  CREEK  IN  CANYON,  CALIFORNIA. 

This  station  is  described  in  Water-Supply  Paper  No.  39,  page  421. 
The  Crafton  Water  Company  diverts  all  of  the  water  of  the  creek  at 
the  mouth  of  the  canyon.  The  water  passes  over  a  weir,  and  the  vol- 
ume, therefore,  is  determined  with  considerable  accuracy.  The  fol- 
lowing tables,  furnished  by  the  Crafton  Water  Company,  give  the 
daily  discharge  of  the  creek  entering  the  canal,  as  well  as  the  amount 
of  water  which  that  company  develops  by  pumping.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  485. 
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Estimated  daily  diacharge,  in  second-feet,  of  MiU  Creek  at  Crafton  headworka^ 

California^  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

1 
Aug. 

Sept. 

Oct. 

Nov. 

1 

9.8 
10.0 

10.2  .    B  A 

9.0 

9.1 

10.0 

9.8 

9.2 

9.8 

9.8 

9.8 

9.7 

8.9 

8.9 

9.3 

9.3 

8.9 

8.9 

9.8 

8.9 

8.9 

8.9 

8.9 

10.2 

13.8 

10.8 

10.8 

10.2 

10.2 

10.2 

10.8 

13.0 

13.0 

lao 
lao 

12.1 
12.1 

1*6.5 
14.6 
16.4 
17.0 

...... 

'i2.'6' 

12.0 

12.0 

13.0 

12.0 

12.0 

10.1 

12.0 

10.1 

10.1 

9.0 

9.9 

8.4 

8.6 

8.6 

8.2 

8.2 
8.2 
7.6 
7.8 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.2 
8.0 
8.0 
8.2 
7.2 
4.8 
6.8 
7.6 
7.6 
6.5 
6.6 

'  6.T 
6.4 
5.3 

5.6 
5.6 
6.6 
6.6 
6.8 
6.3 
5.1 
4.8 
4.8 
4.5 
4.5 
6.5 
5.5 
5.5 
5.5 
4.5 
8.8 
3.3 
4.4 
4.0 
5.4 
5.4 
4.8 
6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.7 
4.7 

4.9 
4.9 
6.1 
5.7 
5.7 
5.5 
6.5 
5.5 
5.1 
6.1 
5.4 
5.5 
5.5 
6.5 
6.5 
5.5 
5.5 
5.5 
5.6 
5.5 
5.5 
5.5 
4.9 
5.5 
4.9 
4.9 
4.3 
4.3 
4.3 
5.1 
6.1 

5.1 

5.5 

5.5 

5.7 

6.6 

6.5 

5.0 

5.0 

5.0 

5.6 

5.6 

5.5 

5.6- 

5.5 

4.5 

4.5 

4.3 

6.1 

4.5 

4.1 

5.1 

5;1 

4.9 

5.8 

5.8 

5.8 

4.9 

4.9 

4.9 

4.9 

4.9 
5.1 
5.1 
6.8 
4.9 
5.1 
5.1 
4.1 
8.8 
3.9 
4.9 
4.9 
5.6 
5.8 
5.8 
6.4 
6.2 
5.0 
5.0 
5.0 
4.1 
4.6 
6.2 
5.2 
5.2 
5.2 
5.2 
6.2 
5.2 
5.3 
5.1 

6  1 

2 

10.6 
10.0 
10.2 
10.6 
10.6 
10.6 
10  2 
10.  tt 
10.2 
10.2 
10  2 

9.8 

9.8 

11.9 

10.2 

10.2 

10.2 

10.2 

10.2 

9.8 

9.8 

Q  A 

5  1 

3 

5  I 

4 

5  1 

5 

6  1 

6 

6  1 

7 

6  1 

8 

6  1 

9 

5  1 

10 

6  1 

11 

5  1 

12 

6.1 
6  1 

18 : 

10.0  1     OB 

14 

10.0 
10.0 
10.0 
10.0 
10.0 
10.2 
10.2 
10.2 
10.2 
10.2 
10.2 
10.2 
10  2 
9.8 
9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

P.  8 

10.2 

10.2 

13.2 

10.6 

9.8 

10.2 

10.2 

11.6 

10.2 

9.8 

9.8 

6  1 

15 

6  1 

16 

8  6 

17 

7  6 

18 

9.8 
10.0 
10.0 
10.6 
10.4 
10.6 
10.6 
10.6 
10.4 
10.4 
10.4 
10.4 
10.6 
10.2 

19 

20 

21 

a : 

23 

■    *   •   B  *   « 

2i :..:., 

25 

28 

27 

■     •    •    "•• 

28 

29 

30 

31 

M^n 

10.3 

10.2 

10.2 

9.9 

11.8 

7.3 

1 

6.0 

5.2 

6.1 

6.0 

5  4 

NoTX.— No  record  from  November  18  to  December  31. 

Estimated  daily  discharge,  in  second-feet,  of  water  pumped  from  MiU  Creek  at 

Crafton  headtoorhs,  California,  for  1900, 


Day. 

Mar. 

Apr. 

May. 

1 
Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

2.0 
2.0 
2.0 
2.0 

"  2."2" 

■'2.'2' 
2.2 
2.2 
2.2 

'2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
8.7 
3.7 
8.7 
3.7 
8.7 
8.7 
8.7 
8.7 
3.7 
8.7 

8.6 
8.6 
3.5 
8.5 
8.6 
3.5 
3.5 
3.5 
8.6 
8.3 
8.3 
8.6 
3.5 
3.5 
3.5 
3.3 
3.2 
8.2 
3.2 
8.2 
3.2 
8.2 
8.2 
8.2 
8.2 
3.2 
8.2 
3.2 
8.2 
8.8 
8.3 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.2 
2.9 
2.9 

2.9 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2  8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 

2  9 

2 

2.9 

3 

2  9 

4 

2.9 

5 

2.9 

6 

2.9 

7 

2.9 

8 

2.9 

9 

2.9 

10 

2.9 

11 

2.9 

12 

2.9 

13 

2.9 

14 

2.9 

15 

2.9 

16 

2.9 

17 

2.9 

IS 

19 

an 

L'l 

a> 

23 

24 

25 

26 

27 

28 

1.0 
1.6 
1.7 

1.7 

29 

80 

81 

Mean 

1.6 

1.7 

2.2 

2.7 

8.8 

2.9 

2.9 

2.8 

2.9 

Note.— No  record  from  November  17  to  December  81. 
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CHINO   CREEK  AT  RINCON,   CALIFORNIA. 

There  is  no  gaging  rod  at  this  place,  owing  to  the  shifting  nature  of 
the  stream  bed.     The  results  of  discharge  measurements  made  during 

1899  will  be  found  in  Water-Supply  Paper  No.  39,  page  427.     During 

1900  the  following  measurements  of  discharge  were  made  under  the 
direction  of  J.  B.  Lippincott: 

Discharge  measurements  of  Chino  Creek  near  RincoUf  California, 


Date. 


1900. 

January  18 

January  29 

February  21 

April  17 

June  24 

July? 

July  28 


Discharge. 


Sec.'feet. 

24.1 

27.0 

18.4 

8.8 

4.0 

2.1 

2.2 


1900. 

August  15 

September  3 , 

Octobers 

October  16 

November  5 

December  4 

December  81 , 


Discharge. 


Sec'/eet. 

1.1 

aO.O 

6.0 

.4 

14.4 

17.1 

16.6 


a  All  water  pumped  out. 
/  SANTA  ANA  RIVER  AT  RINCON,  CALIFORNIA. 

This  station  is  described  in  Water-Supply  Paper  No.  39,  page  427. 
During  1900  the  following  measurements  of  discharge  were  made  at 
the  wagon  bridge  at  Rincon,  above  the  mouth  of  Chino  Creek,  under 
the  direction  of  J.  B.  Lippincott: 

Discharge  measurements  of  Santa  Ana  River  at  Rincon,  Calif  omia. 


Date. 


.Discharge. 


1900. 

January  18 

January  29 

February  21 

April  16 

AprillT 

June  24 

July  7 

July  27 

July28 


Sec- feet. 

224 

184 

162 

a  91 

102 

69 

85 

638 

c45 

61 


Date. 


jDiacharge. 


i9oa 

August  15 

Septembers 

September  22 

Octobers 

Do 

October  16 

October  26 

Novembers 

December  4 

December  81 


Sec. -feet 

87 

£6 

88 

c6i 

74 

123 

b7l 

117 

338 

210 


a  One  mile  below  Rincon  bridee. 

6  At  Riverside  Narrows,  12  mfles  above  Rincon. 

c  At  Aubumdale  bridge. 
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Discharge  measuremefUs  of  canals  diverting  water  from  Santa  Ana  River  near 

Rincon,  California, 


Date. 


19a). 

July  28 

Doiii!.'"; 

Aoffust  15 

Do .'"'"//.; 

September  8.. 

Do 

Do 

September  22. 

Do 

Do 

Octobers 

Do 

October  16.... 

Do 

Do 

Novembers.. 

Do 

Do 


Canal. 


Newberry 

Ditch  sgnth  of  Newberry. 

amiland. 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana 

Yorba 

Anaheim 

Townsend  or  Newberry.. 

Fnller 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana 

Yorba 

ATiRl^A4nn .... 


Locality. 


Anbnmdale  bridge 

....do 

do 

First  road  croesins 

Opposite  first  roaaoroeaing 

do 

First  road  croasinff 

Opposite  first  roaa  crossing 

do 

First  road  crossinK 

Opposite  first  road  crossing 

do 

Aubnmdale  bridge 

1  mile  north  of  Aubomdale  bridge. 

First  road  crossing 

Opposite  first  road  crossing 

do 

First  road  crossing 

Opposite  first  road  crossing 

do 


Dis- 
charge. 


Sec. 


■feet. 

5.5 

2.3 

1.4 

26.7 

U.O 

18.4 

39.0 

21.5 

18.2 

44.7 

17.8 

16.7 

5.8 

6.5 

58.0 

21.1 

ao.o 

71.1 
16.1 
29.0 


SAN  LXnS  REY  RIVER,  CALIFORNIA. 

The  water  of  this  river  is  diverted,  upon  its  appearance  from  the 
canyon,  by  the  flume  of  the  Escondido  Irrigation  District,  and  is  con- 
ducted to  a  reservoir  from  whence  its  waters  are  distributed  for  irri- 
gation purposes.  Table  of  the  daily  discharge  of  the  river  for  1899 
will  be  found  in  Water-Supply  Paper  No.  39,  page  429;  that  for  1900 
wa8  not  available  at  time  of  publication.  Measurements  are  made 
over  a  weir  at  the  headworks  of  the  canal  of  the  Escondido  Irrigation 
District,  from  whom  the  figures  are  obtained. 

SWEETWATER  RIVER  AT  SWEETWATER  DAM,   CALIFORNIA. 

Owing  to  the  severe  drought  of  the  last  few  years,  the  water  supply 
of  the  streams  of  southern  California,  particularly  of  Sweetwater 
River,  has  been  abnormally  low.  During  the  season  1899-1900  there 
was  no  discharge  into  Sweetwater  reservoir  from  the  drainage  area  of 
186  square  miles.  The  estimated  discharge  for  the  three  preceding 
seasons,  also  table  of  the  evaporation  at  Sweetwater  dam,  will  be 
found  in  Water-Supply  Paper  No.  39,  page  430. 

HaSCELLANEOnS  DISCHARGE  MEASUREMENTS  IN  CALIFORNIA. 

During  the  severe  drought  of  1898  measurements  were  instituted 
to  ascertain  the  low- water  flow  of  the  important  irrigation  streams  of 
California,  the  results  of  measurements  made  during  that  season  being 
printed  in  Water-Supply  Paper  No.  28,  page  193.  These  low-water 
measurements  were  continued  in  1899  and  1900,  the  results  for  the 
former  year  being  printed  in  Water-Supply  Paper  No.  39,  page  432 ; 
those  for  the  latter  year,  which  were  made  under  the  direction  of  J.  B. 
Lippincott,  resident  hydrographer,  are  published  herein.    The  meas- 
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ui*eihents  made  in  Sacramento  and  San  Joaquin  valleys  during  the 
three  seasons  mentioned  have  been  assembled  in  the  following  table: 

Miscellaneous  discharge  measurements  in  Sacramento  and  San  Joaquin  valleys, 

California, 


Date. 


Stream. 


September  18. 
September  20. 
September  22. 


September  18. 

October? 

AugnBt  28 

Anpi8t29 

September  18. 


September  17 
October? 


September  — . 
September  16. 


Do 


September  14. 
Do 


September  16. 

Do 

September  U. 

Do 


September  23. 
September  24. 

September  23. 

September  15. 

Do 

September  12. 

Do 

September  14. 

September  12. 
Do 


Do 

September  14. 

September  11. 

October  6 

Do 


September  9 . 

August  11 

September  6. 

September  7 . 


Sacramento  River. . 

do 

Stoney  Creek 


Featber  River. 
Ynba  River.... 
do 


North  Fork  of  Ynba 

River. 
Middle  Fork  of  Ynba 

River. 

Bear  River 

American  Rivor 


.do 
.do 

.do 


Locality. 


Discharge. 


1808. 


Jellys  Ferry 

aOO  feet  below  Bridgeport 
bridge  (1  mile  below  Elk 
Creek). 

One- half  mile  above  Oroville 
bridga 

Dry  except  for  water  from 
reservoir 

Parks  Bar  Bridge,  1  mile  be- 
low SmartviUe. 

Above  Ynba  Power  Com- 
pany's dam. 

Freeman^s  bridge 


.do 
.do 


Sonth  Fork  of  Amer- 
ican River. 

do 

do 


.do 


1  mile  sonth  of  Wheatland 

North  and  Middle  forks  at 
head  of  North  Fork  ditch. 

Folsom 

Main  stream  1  mile  above 
mouth  of  South  Fork. 

North  Fork  ditch  at  road 
crossing  2i  miles  above  Fol- 
som. 

Main  stream  1  mile  above 
month  of  Sonth  Fork. 

North  Fork  ditch  at  road 
crossing  2^  miles  above  Fol- 
som. 


Sec-feet. 
4,  UK.  00 


Cache  Creek. 
do 


Pnta  Creek 

Consnmne  River . . 

do 

do 

do 

Mokelumne  River. 


.do 
do 


...  -do 

Calaveras  Creek. 


do 

Stanislaus  River 
do 


do. 

do 

.do 

.do 


Natoma  ditch 

At  iron  road  bridge  near 
mouth. 

Natoma  ditch,  S.P.R.R.  cross- 
ing 3  miles  above  FoIboul 

AtKumsevroad  bridge 

Road  bridge  crossing  near 
lower  lake. 

6  miles  above  Winter's,  at 
Devils  Gate. 

At  bridge  Jackson-Latrobe 
road  crossing. 

Michigan  Bar  ditch,  Jackson- 
Latrobe  road  crossing. 

At  bridge  Jackson-Latrobe 
road  crossing. 

Michigan  Bar  ditch,  Jackson- 
Latrobe  road  crossing. 

100  feet  below  bridge  Mock 
Hill-Jackson  road. 

do 

Amador  ditch,  below  Butte 
ditch. 

Butte  ditch 

Bridge  San  Andres-Jackson 
road. 

do 

Oakdale 

Stanislaus  and  San  Joaquin 
canal. 

Oakdale 

do 

do 


Stanislans  Water  Company's 
canal  100  feet  below  head 

fftte,  6  miles  above  Knights 
erry. 

a  Measurement  bj  B.  D.  H.  Connlok. 

6  Estimated  by  Mr.  Knight,  superintendent  of  Folsom  Poww  Company. 


0.00 


16.00 
U.60 


1890. 


Sec.-feet. 
4,(»7.00 


40.60 
82.70 


86.10 
19.64 


620.00 
620.00 


2.00 
S.CO 


33.10 


O.U0 


88.40 


llOX 


Sec'ftet 

4,"iK.66 

7.70 


1,123.00 


a  474.00 

a  282.00 

a64.00 

12.00 


235.00 
11.80 


80.50 
35.00 

a8P 

4.71) 
4.40 


1.70 
3.70 


15.00 
87.  W 

4.80 

o.no 


66.00 
85. » 


84.70 
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MiaodlaneauB  discharge  measurements  in  Sacramento  and  San  Joaquin  vaUeys, 

California —Continned. 


Date. 


September  7.. 


October? 
Do  — 
Do  ... 


September  11 


Do 
Do 


Anrast  11 
Do  '.'.'. 


September  8 


Do 
Do 


September  11. 
Do 


September  10. 

September  11. 
September  10. 
September  11. 

September  10. 

Do ... 


JnlySS 

September  2.. 
September  8.. 

Do  

AnfCUBt  9 

September  1.. 
September  28. 

Do 

September  26. 

July  27 

Aa|?tiAt31 

September  4.. 

AniTQBtlO 

September  4.. 
September  27. 
AnfiT^istSl 


September  4. 
AuffastSl — 


September  4. 
An^astSl — 


September  4. 
Do 


Stream. 


StanlalaoB  Riyer 


Taolunne  River 

.....do 

.....do 


do 

.do 
.do 


.do 
do 
.do 


do 

• 

do 
do 


Merced  Riyer 
....do 


.do 

.do 
.do 
.do 

do 

do 


San  Joaquin  River 
.....do 


.....do 

.....do 

.....do 

do 

.....do 

do 

Salinas  River 
Kinff  River .. 


do 

do 

do 

.do. 

.do 

.do 
.do 

.do 
.do 

.do 
do 


Locality. 


Below      StanislaoB      Water 
Company's  intake. 

Total  flow  6  miles  above 
Knights  Ferry. 

Lagrrange 

Mining  ditch 

Tnrlock  canal 


Total  flow  at  Lagrange 

1,000  feet  below  Geological 
Survey  gaging  station. 

Mining  ditch 

Turlock  canal  flume  No.  8  . . . 


Total  flow  at  Lagrange 


Discharge. 


1898. 


Sec.'/eet 


1890. 


Sec-feet. 


82.70 
24.00 

au.oo 


136.70 


1900. 


Sec-feet. 
28.00 


112.70 


Lagrange 

Mining  ditch  . 
Turlo^  canal 


Total  flow  at  Lagrange  . 

1,000  feet  below   Geological 
Survey  gaging  station. 

Mining  ditch 

Turlock  canal 


Total  flow  at  Lagrange . 

One  mile  above  head  gate  of 
Crocker-Hoffman  canal.     * 
Valley  Mills  ditch 


Total  flow  above  Crock- 
er-Hoffman dam. 

One-half  mile  above  bridge  at 
Merced  Falls  (total). 

Snelling  ditch  (estimated) 

do 

Crocker-Hoffman  canal  800 
feet  below  head  gate. 

Crocker-Hoffman  canal  at 
head  srate 

Merced  River  Mill  ditch  at 
mill. 

Herndon 

.....do 

PoUasky ,  500  feet  above  bridge 

Herndon 

do 

do 

....do 

PoUasky,  500  feet  above  bridge 

Gaging  station  near  Salinas . 

Red  Mountain 

do 

do 

do 

do 

do  

Church  canal  check  near 
Trimmer  Springs  road. 

do 

Seventy-six  canal  at  month 
of  canyon. 

do 

Kingsburg  canal  at  mouth  of 
canyon. 

do 

Gould  canal  at  mouth  of  can- 
yon. 


611.00 
828.00 


508.00 
248.80 


164.80 

■■*n;66 
""6."66 


12.10 

24.00 
26.90 


66.00 


36.50 
i.A5 


17.00 

12.00 

117.00 


146.00 


10.90 

9.00 
36.00 


a  54.90 


40.45 


0.50 
■i6.'56' 


63.00 

"z'lb 


6.50 
27.10 


260.80 
195.60 


466.00 
246.00 
197.(10 
187.60 
1.70 


206.00 


16L10 
0.00 


0.25 
2.00 


427.00 
406.00 
220.00 


229.20 
0.00 


0.00 
84.00 


a  It  is  said  that  at  the  time  of  thi.s  meaRiir^mont  a  portion  of  the  flow  of  Tuolumne  River  was 
being  diverted  for  hydraulic  mining  in  tm^  (j^ravel  range  45  miles  above  Lagrange,  and  that  after 
being  nsed  the  water  reached  Mercud  Hiver. 
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MiaceUaneous  discharge  measurements  in  Sacramento  and  San  Joaquin  vaUeys^ 

California — Continned. 


Date. 


Angnst  SI. 


September  4. 
September  1. 


September  6. 
September  3. 
September  1. 

September  6. 
September  8. 
September  1. 


September  6.. 
Septembers.. 
September  1.. 
September  6.. 
Septembers.. 

Do 

Do 

September  1.. 
September  6.. 
September  1.. 
September  6.. 
September  1.. 

Do 


September  2. 

August  29 

Septembers. 
August  30 


Stream. 


King  River 


do 

Eaweah  River. 


.do 

.do 

do 


.do 
.do 
.do 


do 

.....do 

.....do 

....do 

....do 

....do 

....do 

....do 

....do 

-..do 

....do 

Tule  River. 

do 


.....do 

Kern  River. 

....do 

....do 


Locality. 


Fowler    Switch    canal   at 

mouth  of  canyon. 

do 

One-half  mile  above  Kaweah 

Irrigation  and  Power  Com- 
pany's headworks. 

do 

do 

At  iron  bridge  above  Watum- 

na  canal  headworks. 

do 

do 

Kaweah  Irrigation  and  Power 

Ck>mpany'8  ditch. 

do 

do 

Pogues  ditch 

do 

do 

Myers  ditch 

Watnmna  ditch  at  headworks. 

North  Fork  at  mouth 

do 

South  Fork  at  mouUi 

.....do 

Headworks  of  Pioneer  ditch 

(estimated). 
Pioneer  canal  1  mile  below 

head  gate. 
Headworks  of  Pioneer  ditch.. 
First  Point  of  Measurement  . 

do 

do 


Discharge. 


1896. 


8ec.'feet 
6.00 


35.80 


17.90 


8.60 


4.60 


0.30 


0.00 

"6."6o' 


115.82 


1890. 


SeC'feei.  Sec-feft. 


1900. 


0.00 


40.90 


38.80 


l.tf 
'4.'87 


1.12 


1.18 
18.12 

8.48 


99.22 


O.00 


100. 00 


86.60 


8.10 


6.67 

1.00 

15.00 


9.06 

■id3.i6 


Miscellaneous  discharge  measurements  in  southern  California, 


Date. 


1900. 
October  8 


Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 


October  9 
Do.... 


September  17 


Do. 


Do. 
Do. 

Do- 


Stream. 


Santa  Clara  River. 


.do 
.do 
-do 
.do 

do 
do 
.do 


Los  Angeles  River. 
do.. 


.do 


.do 


do 
do 

.do 


Locality. 


Pirn  Creek,  Piru  Land  and  Water  Company's 

upper  ditch. 
Piru  Land  and  Fruit  Company's  lower  ditch.. .. 

Piru  Creek  opposite  lower  ditch , 

Camulos,  at  head  of  wood0n  flume 

Seepage  at  head  of  wooden  flume,  Camulos 


Road  cros.«dng below  San  Francisquito  Creek. 

East  Channel. 

Newhall  ditch 


Total. 


Pacoima  submerged  dam 

Tu junga  River  near  headworks  of  Monte  Vista 

ditch. 
Arroyo  Seco,  Pasadena  Lake,  Vineyard,  Land 

and  Water  Company's  pump  at  dry  tunnel 

(pump runs  about  4  hours  per  dav). 
Arroyo  8eco,  main  tunnel  at  Devils  Gkbte  (in- 

duaing  water  from  a  pump  on  surface  above 

head  of  tunnel)— 

No.  1 

No.  2 

No.  3 

Richardson  tunnel  weir,  2,800  feet  below  Devils 

Oate  weir. 
Arroyo  Seco,  Wilson's  tunnel  weir,  8,000  feet 

below  Devils  Gtate  weir. 

Sheep  Corral  Springs,  Arroyo  Seco— 

TO  South  Pasadena 

To  Pasadena  (pump  exhausts  the  supply  in 
12  hours). 

Total 


Dis- 
charge. 


Sec.-feet. 
0.80 

L26 

.28 

10.00 

.78 


3.25 
3.64 

aas 


10.24 


.09 
19 

55 


2.37 
.09 
.52 
.385 

.187 


.TO 
1.21 

1.94 
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MisceRaneous  discharge  measurements  in  southern  California — Contintied. 


Bate. 


Str^iin. 


1900. 
September  18 


September  13 
Do... 


Do. 
Do. 


Do 

September  14 

Do 

Do 

Do 

September  17 

Do 

September  14 

Do 

September  15 

Do 

Do 

Do 

I>o 

September  17 

Do 

September  18 

September  19 
Do 

September  20 
Do 


September  20 
Do 


September  24 

Do 

Do 

September  18 

September  24 


September  21 

Do 

Aa|ro8t7 

Do  V.'.'.IV. 

Do 

Do 

Do 


Do 
Do 


ijigai 


St  8. 
o  ... 


Do 
Do 


Loe  Angeles  Biver . 


San  Gabriel  River. 


do. 

do 
.do 

do 
.do 

.do 
do. 
.do 
.do 

.do, 

.do 

.do 

do 

.do 

-do 

.do 

.do 

.do. 

.do 

.do 

.do 
.do 
.do 
.do 


do 
.do 


.do 
do 
do 
do 


...do 


.do 
.do 
.do 
.do 
-do 
.do 
-do 
.do 

.do 
.do 


do 
.do 

.do 
.do 


Locality. 


;     Dis- 
charge. 


Arroyo  Seco,  Painters  Well  steam  plant. 
Second  plant 


Total. 


Morengo  Water  Companv,  Southern  Pacific 

Comimny^s  Garfield  station. 
Morengo  Water  Company's  weir  in  Morengo 

Canyon. 

Los  Robles  Water  Company's  reservoir 

Reservoir  at  junction  of  Glenarm  and   Los 

Robles  avenues,  Pasadena. 

Graven  &  Beau  tunnel 

Brick  kiln  between  Molino  and  Hope  streets, 

Pasadena. 

Oak  Knoll  Park,  Pasadena 

Patton  tunnel,  near  Kewen  Lake 

Patton's  east  canyon 

Patton's  east  canyon  (natural  flow,  pump  not 

running). 

Mission  ditch,  Patton  ranch 

Winston  ranch 

Shorb's  r^Jich 

Yoakham's  ranch 

Robert  LiddePs,  San  Pasqual  and  Shorb  streets. 

R.  W.  Scoville's 

Mrs.  Black.  San  Pasqiial  and  Craig  streets 

Momingsiae  ranch,  J.  P.  Butler's 

Bradbury  ranch.  Santa  Anita  and  Rose  avenues. 

San  Gabriel  Sanitarium  tunnel 

W.  A  Highland's,  Rose  avenue,  Lamanda  Park. 

Chapman  ranch  (2  wells,  1  artesian,  pumped) . . . 

Chapman  ranch  (4  wells  pumped) 

Chapman  ranch  (natural  flow  of  cienaga) 

Chapman  ranch  dairy 


Total. 


Alhambra  Water  Co. 
do 


Total. 


Santa  Anita  Canyon  (natural  flow) 

Sierra  Madre  Water  Co 

Remamettes,  east  of  Sierra  Madre 

Monrovia  Water  Co.  (3  wells  pumped) 


Monrovia  Canyon  to  Monrovia  Water  Co. 
To  Bradbury 


Total. 


Duarte  Mutual  Improveitient  and  Canal  Co — 
Beardsle  V  \VAter  Co 

East  Whittler  ditch  at  Ei  Monte  road  crossing 
KiUion's  pumping  plant,  4  wells  near  El  Monte. 

Cameron  or  Sheep  Creek  ditch 

Rincon  ditch 

Old  Temple  ditch 

Cate  ditcn  near  head 


Standifer  ditch 
Banta  ditch 


Total   San   Gabriel  River  at  intake   of 
Standifer  and  Banta  ditches. 

RodH[guez  ditch  near  Old  Mission 

Rio  Honda  or  old  San  Gabriel  under  Mission 
bridge. 

Arroyo  ditch 

Little  Lake 


Sec-feet. 
0.38 
.44 


.82 


al.82 

a.  46 

a.  81 
a0.068 

1.10 
.02 

.34 

.18 

L48 

.87 

.20' 
.56 
a. 18 
a. 12 
a. 10 
a. 07 
a. 07 
a. 04 
al.44 
a. 04 
a. 10 


1.01 

L90 

.07 

.72 


3.70 


62.58 
C.34 


2.92 


■  MM* 

a. 145 

.09 

8.24 


a. 428 
a.  116 


.514 


.78 
.44 
5.71 
10.22 
2.46 
2.47 
1.20 
8.71 


14.56 
15.44 

30.00 


2.00 
28.28 

21.06 
.22 


a  Measurement  over  weir. 


6  Weir  No.  1. 


c  Weir  No.  2. 
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Miscellaneous  discharge  measurements  in  southern  CoZt/omta— Continued. 


Date. 


1900. 
Aufirast  8. 
Do  ... 


Angxistm' 

Do 

September  27 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 
Do- 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Stream. 


San  Gabriel  River. 
do 


..do 

..do 

.do 

.do 

-do 

do 
.do 

do 

do 
-do 

do 
.do 
-do 
.do 
.do 


.do 
.do 
.do 
.do 
.do 
-do 
.do 
.do 
.do 
.do 
-do 
.do 
.do 
.do 
-do 
.do 
-do 
.do 
-do 
.do 
do 
.do 
.do 
.do 


September  25. 
Do  

September  27. 
September  28. 

September  24. 

September  25. 
Do 


September  24. 

September  25. 
September  24 
September  25. 
Do 


Santa  Ana  lUver 

do 

.....do 

do 


Do 

Do 

July  11 

Do 


do 

.do 
.do 

do 

.do 

do 

.do 

.do 

.do 

.do 

.do. 

do. 


Locality. 


Agricultural  ditch 

Below  Agricultural  ditch. 


Glendora,  Azusa  Irrigation  Co.,  Massey  well. 
Giendora,  Azusa  Irrigation  Co.,  Paine  well. .. 

Daty&Sons 

San  Diemas  Irrigation  Co.,  F.  D.  Smith  well . . 

Thackerwell 

Smith  well  (priTate) 

Chapman  well 

Buddock  well 

Artesian  Belt  Co.,  2  wells 

Azusa  city  well 

Walker's  well 

Citizens  Water  Co.,  Co  Vina 

Covina  plant.  Deacon  well 

San  Diemas  Canyon  (natural  flow) 

Sparks's  well 


Total  of  Sau  Diemas  wash  wells  a 


Richards,  4  wells 

Sumner 

Sheldon  Bros   

LaVeme  Land  and  Water  Co 

Rodgors 

True  (6  days  in  30) 

Rodney  Soper^s 

Haves  and  Stratton 

Wallace 

Mullard 

Douglas  and  McQullly 

Norris 

Williams  Bros 

Eulp  (intermittent),  south  of  Mesa  avenue. 

D.  Pulton  

Staves 

Daniels  and  Overholtzer 

Massey,  2  wells 

Hauser  Bros 

Moorwaw  &Son 

Sleider 

Rutherford  &  Co 

New  Deal  Water  Co 

Kiser 


Dis- 
charge. 


Dry. 
Dry. 


Total  of  wells  on  Lordsburg  Mesa. 


Frey'b  ranch  near  Spadra 

Phillips's  ranch  near  Spadra 

C.  L.  Lancaster,  Mesa  avenue,  Lordsburg 

Covina  Irriratiou  Co.'s  compressor  pumping 
plant,  south  of  Lordsbura. 

Neuruff  place,  corner  of  i^lt  and  San  Antonio 
avenues,  Pomona. 

Pomona  Land  and  Water  Co.,  Garey  avenue  .... 

Consolidated  Water  Co.,  Pomona,  air  com- 
pressor plant. 

Consolidated  Water  Co.,  north  of  Pomona  Col- 
lege. 

James  Warden's  place 

Brundege  place,  San  Antonio  avenue,  Pomona.. 

Del  Monte  Water  Co 

San  AntoDio  Water  Co. '8  wells  in  Claremont 
(water  goes  to  Ontario). 

San  Antonio  Water  Co.*s  wells  at  Indian  Hill,  i 
mile  north  of  Pomona  College. 

San  Antonio  Canyon 


l.SO 

.90 

1.8U 

1.2U 

.80 

.aj 

.70 
.50 
L0O 
.20 
.90 
.10 
.44 
.04 
.40 


1J.38 


L52 

.48 

.ao 

.70 
.10 
.16 
.24 
.20 
.16 
.90 
.76 
.30 
.80 
.20 
.50 
.20 
L34 
.54 
.76 
.50 
.88 
.40 
.40 
.90 


12.64 


Cucamonga  Land  and  Water  Co.,  Cucamonga 

Creek.  ;iO-inch  pipe  line,  a 
Cucamonga  Land  and  Water  Co.,  Lone  Star 

Spring  pumping  plant,  a 


L8S 
6.74 
fr.SSB 
3.58 

6.33 

61.28 
63.34 

6.83 

6.25 

6. as 

6.96 
6.40 

6.U9 

6  c3. 7i 


cl.15 

ci.ao 


a  statement  by  Irwin  F.  Daniels. 

6  Measurement  over  weir. 

cFrom  records  of  Pomona  Land  and  Water  Company.  The  discharge  from  San  Antonio 
Canyon  was  7.63  sesond-feet  on  September  2,  1885,  and  9.02  second-feet  on  September  6^  1807. 
July  11, 1900,  measurement  was  made  of  water  in  San  Antonio  Canyon  by  S.  G.  Bennett,  and  a 
discharge  of  4.07  seoond-feet  was  found. 
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Miscellaneous  discharge  measurements  in  southern  California — Continued. 


Date. 


1900. 
Jnlyli... 


Do 
Do 


Do 


Angnst  4. 


March  16 

March  19 

March  17 

jTiDe8 , 

September  29. 
Junes 


Stream. 


Santa  Ana  River 
do 


Jnlyl2... 
October  I 
July  12  .. 
October  1 
July  12... 


October  1 
March  15. 


Do  ... 

Do  ... 
Jalyl2... 
October  1 
JnlylS... 
July  13... 

I)o  ... 


Do  ... 

Do  ... 
October  2 

Do  ... 

Do  ... 

Do  ... 

Do  .... 
AprUH.- 
May6 

Do  ... 


Julyia 


Octol)er2 
Do... 


July  U... 
March  15. 

Do... 

Do..,. 

March  16. 


Do. 


-do 
.do 


.do 


.do 

.do 
.do 
.do 
.do 
-do 
.do 

-do 

-do. 

.do. 

.do 

.do 

.do 
.do 

.do. 

-do 

.do 

-do. 

.do. 

-do. 

.do. 


.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 

.do 
.do 


do. 
.do. 


.do 
.do 

.do 
.do 
-do 

.do 


Locality. 


Cucamonga  Land  and  Water  Co.,  Y  tunnel  a 

Stowell  water  from  90-acre  tract,  west  side  part 
to  Ontario,  a 

San  Antonio  Water  Ck>.,  Haskell  well 

San  Antonio  Water  Co.,  Sixteenth  street  pump- 
ing plant. 

Total  Red  Hill  development, Cucamonga.. 

Natural  surface  flow  of  Cucamonga  Creek  in 

canyon  (lomosa  Water  Co)- 
Developed  by  bed-rock  tunnel 


Total. 


Cucamonga  Land  and  Water  Co..  Lone  Star 
Spring  pumping  plant. 

Lytle  Creek,  head  of  Mclntyre  ditch 

Ly tie  Creek,  head  of  Whiting's  ditch 

Lytle  Creek  near  head  of  Ranchero  ditch 

Lytle  Creek  at  intake  of  Rialto  canal 

do 

Cajon  Creek  Canyon  in  flume  opposite  Keen- 
brook  station. 

West  Twin  Creek  in  flume 

...do 

East  Twin  Creek,  Del  Rosa  cement  canal 

do 

East  Twin  Creek,  Kansas  City  Syndicate  devel- 
opment. 

do 

City  Creek,  Whitlock  ditch,  flume  across  Mc- 
Kenzie. 

City  Creek,  Logsdon  and  Farrel  ditch  at  head  . . 

City  Creek,  Daley  ditch  at  head 

City  Creek,  measurement  in  cement  canal 

City  Creek  at  head  of  pipe  line 

Plunge  Creek  at  intake  of  ditch 

Below  wastoway  of  Santa  Ana  canal 


Dis- 
charge. 


Sec-feet. 
61.68 
62.97 

62.13 
61.72 


South  Fork  or  Kedlands  canal,  water  not  going 
over  weir  into  North  Fork  or  Highlands 
canal  on  account  of  repairs. 

Redlands  tunnel 

Morton  Canyon 

South  Fork  or  Redlands  canal 

North  Fork  or  Highlands  canal 

Green  Spot  pipe  line 

Redlands  tunnel 

Morton  Canyon 

Mill  Creek,  Crafton  reservoir 

Mill  Creek,  road  crossing  Santa  Ana  Canyon 

Mill  Creek  zanja 


Mill  Creek  zanjn 

Mill  Creek,  water   l)eing  pumped  by  Crafton  , 

Water   Co.  and  others  in   Mill   Creek  Can-  [ 

yon  and  Yucaipe  Valley. 

Total ' 

Crafton  Water  C'o's  pumping  plant.  Mill  Creek 

Canyon. 
At  mouth  of  Mill  Creek  Canyon 

Total 

San  Timeteo  Canyon  ditch  at  Bicknell  Station . . 
Return  water,  Haws  &  Talmage  ditch  at  head 

gate. 

Return  water,  Rabel  ditch  at  intake 

Return  water,  Shay  or  Stout  ditch  at  head 

Return  water,  McKenzie  ditch  2  jO  feet  below 

intake. 
Return  water.  Meeks  &  Daley  ditch,  submerged 

weir  at  intake. 


10.85 


.90 
.18 

1.08 


61.02 

6.14 
61.12 

6.24 
66.19 
64.62 

1.37 


.16 
.62 
.36 
.15 

.17 
.23 


1.26 

.72 

.16 

.21 

a. 34 

SS.34 

a  10. 65 


a. 84 

a.(J9 

a6.25 

a  5. 61 

a.  12 

0.85 

a. 20 

10.77 

38.76 

8.49 


a  5. 35 
a3.44 


8.79 


a  1.35 
a  7. 21 


8.f>) 


L50 
.00 

a  .54 

.50 

2.30 

a  13.94 


a  Measurement  by  E.  T.  Wright. 


6  Over  weir. 
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Miscellaneous  discliarge  measurements  in  southern  California — ^Contiiined. 


Date. 


Stream. 


Locality. 


1900. 
March  21. 

March  15. 

March  21. 
June 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do-... 


Santa  Ana  River 
do 


Do. 


.do 

.do 

-do 

.do 

.do 

-do. 

.do 

.do 

.do 


March  9 do 

Jane do 

March  21 do. 

Do do 

June ' do 


Do.. 

Do.. 

Do.. 

Do  .. 

Do.. 

Do- 

Do  .. 

Do- 
March  0. 

June 

March  9. 
June 

Do.. 
March  9. 
June 

Do- 

Do.. 

Do.. 

Do  .. 
July  26.. 


July  27. 
Do  . 

Do 
Do 
Do 
Do 


Do 


Do 

Do 

Do 

September 
October  19 . 

October  25 . 

Do 

Do 

Do 


13. 


-do 

.do 

.do 

.do 

.do 

do 

do 

.do 

.do 

do 

.do 

do 

do 

.do 

.do 

do 

-do 

.do 

.do 

.do 

.do 

-do 

.do 
.do 
.do 
-do, 


Dis- 
charge. 


Return  water,  upper  canal  of  Riverside  Water 
Co.  at  intake. 

Return  water,  Beam  ditch,  flume  900  feet  below 
Intake. 

Return  water.  Swamp  ditch  at  first  turn-out . . 

Return  water,  Haws  &  Talmage  ditch 

Return  water,  Rabel  ditch 

Return  water.  Shay  ditch 

Return  water,  McKenzie  ditch 

Return  water,  Moek3&  Daley  ditch 

Return  water,  Beam  ditch 

Return  water,  Riverside  Water  Co-'s  upper  ca- 
nal. ' 

Return  water,  Riverside  Water  Co.'s  lower  ca- 
nal. 

Timber  ditch  at  intake 

Timber  ditch 

Gage  canal  at  head 

Gage  canal  at  P^jn  avenue 

Gage  canal  at  head 

Gage  canal  at  Palm  avenue 

Lqgsdon  &  Farrel  ditch 

Wfitlock  ditch 

Daley  ditch 

Mclntyre  ditch ' 

Whiting  ditch | 

Swamp  ditch 

Ranchero  ditch ' 

Ward  &  Warren  ditch  at  head 

Ward  &  Warren  ditch 

Mill  flume  of  Riverside  Water  Co 

do 

Mill  pump  of  Riverside  Water  Co 

Camp  Carlton  ditch  at  head 

Camp  Carlton  ditch 

East  Riverside  ditch 

Colton  Terrace  Water  Co 

City  of  Colton 

Bloomington  flume 

Riverside  Water  Co.^h  upi)er  canal  in  flume  150 
feet  above  tunnel  of  Riverside  Mesa. 

North  Riverside  and  Jurupa  canal  in  flume 
near  Beckstead's  house. 

Riverside  Water  Co.  's  lower  canal 


do 


.do 
.do 
.do 


Rubidoux  ditch 

TrujiUo  ditch 

75  feet  below  Intake  of  Trujillo  ditch 
Evans's  upper  ditch 


Sec-feet. 
a  61.94 

.68 

a. 70 
.00 

.a5 

.40 

1.57 

ia78 

.51) 
52.94 

7.16 

.00 

.a) 

O.40 
a23.58 

22.  i* 

.49 

.W 

1.12 

.'•1 

-13 

-M* 

.55 

S.55 

l.Tt) 

2.S7 

2.17 

1.8S 

a  2. 55 

s.eo 

5.38 
1.54 
3.21 
3.68 
43.30 

14.42 

7.13 


Total  flow  from  Santa  Ana  at  Rubidoux 
ditch  intake. 


Alsetrez  ditch  from  Spring  Brook,  100  feet  be- 
low West  Riverside  bridge. 

200  feet  below  West  Riverside  bridge 

West  Riverside  bridge,  Rubidoux  Mountain 

At  Riverside  Narrows 

do I  Riverside  Water  Co. 's  lower  canal 

do I  North  Riverside  and  Jurupa  canal 


8. 

18 

46 

« 

44 

1. 

04 

10. 

IS 

.do 

-do 

do 

.do 


Do 

do 

Do 

do 

Do 

do 

Do 

do 

Rubidoux  ditch 

Trujillo  ditch  

20  feet  below  intake  of  Trujillo  ditch 
Evans's  upper  ditch 


Total  flow  from  Santa  Ana  at  Rubidoux 
ditch  intake. 

Alsetrez  ditch  from  Spring  Brook,  West  River- 
side bridge. 

West  Riverside  bridge 

Evans's  ditch.  West  Riverside  bridge 

Riverside  Narrows 


a  Measurement  over  weir. 


2.77 


1.16 
5.27 

3K.41 
A.  99 

1#,Q5 


7.80 
.33 
.56 

3.3S 

12.21 

1.53 

8.45 

4.36 

7t>.64 
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Miscellaneous  discharge  measurements  in  southern  CoZi/omio— Continned« 


Date. 


1900. 
Julyffl... 

Do  "I 


Do 


Stream. 


Santa  Ana  River 

do 

do 


.do 


Octobers 

Do 

Do 

July  28 

Octobers 

Do 

July  28 

Octobers 

March  17 

Do 

Do    do 

Do ' do 

Do do 

March  21 do 

Do I do 

March  16 i do 

Do I do 


....do 

...-do 

....do 

..-.do 

....do 

....do 

....do 

....do. 

.-..do 

....do 

Pampinff  plants 
do 


Locality. 


Dis- 
charge. 


900  feet  above  Aubumdale  bridge 

N  owberry  ditch,  Aabarndale  bridge 

Ditch  south  of  Newberry  ditch,  Aubumdale 

bridge. 
Oilliland  ditch,  Aubumdale  bridge 


Total 


Sec-feet. 

45.16 

5.47 

2.32 

1.40 


Aubumdale  bridge 

Townsend  ditch,  Aubumdale  bridge 

Fuller's  ditch  near  schoolhouse 

RincoD  bridge 

Chino  Creek  under  bridge  on  Chino-Coronaroad 

Rincon  bridge 

Chino  Creek 

Durkee  ditch  near  ranch  house 

Anaheim  and  Santa  Ana  division  box 

do 

East  Riverside  Irrigation  District 

Colton  Terrace  Water  Co 

City  of  Colton,  upper  pumps 

City  of  Colton,  lower  pumps  (estimated) 

Bloomington,  flume  at  lower  end 

Mill  pump  of  Riverside  Water  Com];)any,  not 
running. 

Pomroy  &  Marble,  not  running 

Johnson  &  Hubbard,  two  flumes 

Base  line  and  Waterman  avenue,  not  running  . 


54.35 


63.90 
5.84 
6.50 

80.76 
2.20 

74.20 
5.00 
1.80 

48.60 

75.10 
6.69 
1.60 
2.57 
2.37 
3.80 
.00 

.00 
1.26 

.00 


Discharge  measurements  in  tunnels  near  Devils  Gate,  Arroyo  Seco,  Los  Angeles 

River,  California, 


Date. 


133; 

June  14 

July  12 

August  9 ! do 

October  11 ' do 

November  8 ' do 

June  14..'. I  Northeast 

July  12 1 do 

August  9 
September  13 
October  11 
November  8 
June  14 
July  12 
August  9 

Septenaber  13 ' do 

October  11 
November  8 
June 14 
July  12 
August  9 
September  13 
Octoljer  11 
November  8 


Dis- 
charge. 


Sec. 


-feet. 
3.72 
3.72 
3.42 


[Concluded  in  Water-Supply  Paper  No.  52.] 


O 


DEPAETMENT    OF    THE    INTEEIOE 


WATER-SUPPLY 


IREIGATION  PAPEES 


UNITED  STATES  GEOLOGICAL  SURVEY 


IsTo.  53 


WASHINGTON 

GOVERNMENT    PRINTINC    OFFICE 

191)1 


UNITED  STATES  GEOLOGICAL  SURVEY 

CHARLES  D.  WALCOTT,  DIRECTOR 


OPERATIONS  AT  RIVER  STATIONS,  1900 

A  REPORT  OF  THE 
DIVISION  OF  HYDEOGRAPHY 

OF  THE 

UNITED  STATES  GEOLOGICAL  SURVEY 
fa.:rt  VI 


WASHINGTON 

GOVERXMENT   FMNTINQ    OFFICE 

1901 


CONTENTS. 


Precipitation  on  mountains  in  southern  California 495 

CoDstmction  of  wells  in  southern  California 497 

Irrigation  in  Utah  Valley,  Utah 498 

Rating  tables. « 510 

Drainage  areas 524 

Index  to  Papers  Noe.  47  to  52 549 

498 
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PAUT    VI. 


PRECIPITATION   OX    MOUNTAINS    IN    SOUTHERN 

CAIilFORNIA. 

In  order  to  obtain  rainfall  data  bearing  upon  river  discharge,  a 
number  of  rainfall  gages  have  been  established  at  various  points  in 
the  mountainous  regions  of  California.  Results  obtained  at  these 
localities  during  1900,  together  with  a  few  figures  from  other  sources, 
are  given  in  the  following  tables.  The  first  table  gives  the  location  of 
the  rainfall  stations;  the  second  table  gives  the  depth  of  rainfall,  in 
inches,  for  each  month  of  the  year.  Similar  figures  for  1896  are  given 
on  page  418  of  the  Eighteenth  Annual  Report,  Part  IV;  for  1897,  on 
page  539  of  the  Nineteenth  Annual  Report,  Part  IV;  for  1898,  on  page 
560  of  the  Twentieth  Annual  Report,  Part  IV;  and  for  1899,  on  page 
437  of  Water-Supply  Paper  No.  39. 

Bainfall  stations  in  soutliem  California* 


Station. 


SiBfion. , 

Dnnsmtilr 

Delta. 

Redding 

Redbluff 

Jacinto 

Upper  Lake 

Sonora 

Second  Garrotte 

Crockers 

Yosemite 

Millwood 

Milo 

Kemvllle 

Isabella 

Taylor's  ranch 

Mount  Breckenridge. 

Bear  Valley 

Tejon  ranch 

FortTejon 

Frazier  mine 

LaUebre 

Sn€>ddens 

Smith's  ranch 

Palmdale  head  works. 

MutahFlat 

Magic  Hill 


County. 


Siskiyou 

do 

Shasta 

do 

Tehama 

Glenn 

Lake 

Tuolumne  . . 

do 

do 

Mariposa 

Fresno 

Tulare 

Kern 

do 

do 

do 

do 

do 

.....do 

Ventura 

Los  Angeles 

Ventura 

do 

Los  Angeles 

Ventura 

Los  Angeles 


Post-office. 


Siason. 


Redbluff. 


Sonora 

Groveland . 

Seqaoia 

Yosemite  .. 
Millwood... 

Milo 

Kernville  .. 

Isabella 

Weldon 

Bakersfleld 
Tehachapi . 
Bakersfleld 

Lebeo. 

Neenach  ... 

do 

Griffin 

Gorman 

Palmdale  .. 

Griffin 

Burbank . . . 


Lati- 
tude. 


41    37 


40    12 


38  00 

37  49 

37  4« 

37  45 


36  15 

35  45 

35  18 

38  20 

35  25 


35  00 

3i  58 

34  49 

84  46 

34  41 

34  44 

34  25 

34  38 

34  23 


Longi- 
tude. 


122    25 


122    20 


120  16 

120  12 

119  53 

119  35 


118  50 

118  25 

118  25 

118  17 

118  35 


118  45 

118  53 

118  58 

118  40 

119  08 
118  47 

118  03 

119  08 
118  22 


Eleva- 
tion. 


Feet. 
3,555 


324 


1,824 
2,900 
4,453 
4,063 


3,200 
2,000 
2,600 
2,640 
6,750 
4,000 
1,450 
3,245 
3,000 
3,170 
4,900 
4,850 
8,299 
4,850 
2,820 


»  Continued  from  Water-Supply  and  Irrigation  Paper  No.  51. 
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Rainfall  stations  in  southern  California — Continued. 


Station. 


Colby's  camp 

Mount  Sister  Elsie 

Mount  Lowe.- 

FoUows's  camp 

Glenn  ranch 

Upper  Holcomb 

LfttleBear  Valley 

Morse's  house 

Deep  Creek 

Holcomb  Creek 

Squirrel  Inn 

Santa  Ana  River  power  house. 

Mill  Creek  (a) 

Mill  Creek  (b) 

Deecanso 

Campo 

Lasfuna 

Cuyamaca 

Sweetwater  dam 

La  Mesa 


County. 


Los  Angeles 

do 

do 

do.. 

San  Bernardino 
do 


.....do 

.....do 

.....do 

do 

.....do 

....  do 

do 

do 

San  Diego. 

do 

do 

do 

do 


Post-office. 


Lati- 
tude. 


Longi- 
tude. 


Pasadena  

Monte  Vista 

Echo  Mountain . . 

Azusa 

Cajon 

San  Bernardino . 
do 


.do 

do 

.do 

do 


Redlands 

do-_\ 

Descanso 

Campo 

do 

San  Diego 

National  City. 


Eleva- 
tion. 


34  17 

34  15 

34  14 

34  50 

34  18 

34  15 

34  12 

34  17 

34  18 

34  12 


118  14 

118  07  ' 

117  ^  I 

117  30 

116  50  I 

117  10 
117  12 
117  05 

116  58  ' 

117  12 


32    50      116    40 


I 


32    58 
32    43 


115    35  I 
117    00 


Feet. 
3.875 

5.«ei 

3.2D0 

hm 

3.112 
7,au 
5.1.50 
5,35n 
o.aJO 

5;is> 


2,915 
3,5(J0 

5,7«?» 

4,N«i 

230 


Precipitation  at  rainfall  stations  in  southern  California^  1900, 


SUtion. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Juna 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

An- 
nual 

Sisson 

Dunsmuir 

Delta 

Redding 

8.64 
9.93 
12.25 
6.45 
4.15 
3.06 
3.98 
3.20 
5.25 
5.98 

1.04 
3.32 
4.60 
2.86 
1.62 
.17 
1.31 
L37 
1.25 
L18 

9.92 
6.27 
9.45 
3.68 
2.38 
1.27 
3.53 
2.75 
3.75 
4.28 

3.49 
4.&5 
8.59 
2.59 
2.69 
1.68 
2.13 
4.28 
4.00 
3.56 

2.05 
3.18 
4.10 
3.12 
1.18 
.72 
.81 
2.01 
1.50 
L80 

1.24 
.90 

1.56 

L38 
.94 

0.00 
.35 
.20 

0.00 
.47 

0.00 

0.00 

.17 

T. 

0.00 

O.CJO 

T. 

0.00 

0.00 

0.00 

0.16 

T. 

.20 

.16 

.05 

0.00 

0.00 

.08 

0.00 

0.00 

0.67 

Lao 

.»7 

2.48 

.21 

0.00 

.08 

.14 

.25 

.(J2 

1.60 

.79 

.30 

.62 

0.00 

.06 

1.06 

0.00 

.15 

0.00 

0.00 

.54 

.25 

.09 
.25 

10.76 

6.13 

15.68 

6.47 

3.25 

2.42 

3.96 

5.10 

5.00 

9.71 

6.70 

.10 

.24 

.02 

1.76 

.67 

0.00 

o.a) 

0.00 

.20 

0.00 

.71 

.45 

.31 
1.66 

4.52 

7.16 

10.51 

3.08 

3.23 

5.00 

5.08 

10.29 

14.00 

17.43 

10.37 

6.09 

6.53 

4.29 

2.71 

1.06 

L71 

4.52 

3.10 

1.79 
5.10 
6.53 
8.15 

6.70 
U.71 

3.80 
8.29 
8.04 
3.14 
2.07 

46.29 
51.23 
76.12 
35. 3S 

Redblufl 

21  77 

Jacinto  -- .-- 

Upper  Lake 

Sonora 

Second  Garrotte . 
Crockers 

3."63*  "24.  si 
2.06    31.13 
1.50    »i.5D 
1.39    46.4S 

Millwood 

(a)    

KemviUe 

Isabella 

.80 
LIO 

.71 
2.77 
L17 
2.12 
1.40 
L20 

.65 
2.80 
1.34 
1.15 

.85 

.53 
.65 
.47 

1.34 

.35 

.66 

T. 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

.58 

.65 

.50 

1.00 

.41 

.85 

1.45 

1.12 

.80 
1.95 
L67 
2.00 

L87 
2.90 
2.40 
3.84 

3.42 
3.83 
3.07 
L14 
3.04 

2.38 

2.28 

L43 

1.25 

.55 

1.00 

2.51 

.37 

.72 

.62 

.73 

.39 

5.05 

1.97 

1.82 

.50 

.12 

.57 

.40 

2.05 

1.38 

1.30 
2.15 
1.77 
L86 

3.11 
5.81 
2.70 
1.25 
4.81 

5.49 
4.49 
3.74 
4.25 
2.07 
3.80 
6.69 
1.06 
1.73 

.90 
L06 

.82 
2.47 
1.57 
1.57 
L40 

.75 

.76 
L80 
4.40 
3.35 

3.02 
4.05 
2.96 
1.60 

4.63 
8.64 
4.75 
1.20 
6.37 

3.70 

0.00 
0.00 

.02 
0.00 

.08 
0.00 
0.00 
0.00 

0.00 

0.00 

.06 

0.00 

0.00 
.40 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

.04 

0.00 

0.00 
T. 

0.00 
.02 
.08 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

T. 
0.00 

0.00 
.05 

0.00 
.32 
.34 
.50 

0.00 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

9.31 
10.33 

Taylor's  ranch  . . 

BearVallev 

Tejon  ranch 

FortTejon 

Sneddena  

Smith's  ranch  . . . 
I^lmdale   head- 
works... 

7.87 
17.42 

7.65 
10.29 

9.27 

6.44 

4.77 

MutahFlat 

MaticHill 

Colby's  camp 

Mount    Sister 
Elsie 

12.05 
17.34 
16.63 

14.64 

Mount  Lowe 

FoUows's  camp . . 

"2.i5' 

LSO 
2.20 
1.40 
.38 
1.73 

.10 
2.52 
L41 
4.00 
2.65 
3.30 
3.62 
.57 
.97 

T. 
.10 

.43 
.44 
.28 
.21 
.28 

0.00 
.43 
.07 
.75 
.10 
.37 
.26 

0.00 
.08 

Glenn  ranch 

Little  Bear  Val- 
ley   

.02 

.01 

0.00 

.31 

.46 

9.39 

0.00 

19.38 

Morse's  house  ... 

Deep  Creek 

Holcomb  Creek . . 

Sauirrei  Inn 

Santa  Ana  River 
power  house.. - 
Mill  Creek  (a).... 

MllCreek(b).... 

Descanso 

Campo.- 

0.00 

0.00 

0.00 

.96 

.74 

8.26 
9.05 
4.96 
6.50 
4.47 
6.20 
U.97 
1.63 
2.38 

0.00 

SI.  65 

3.31 
2.60 
1.04 
2.19 
2.81 
L66 
1.53 

0.00 
.06 
.10 
.30 
.10 

0.00 
T. 

0.00 
0.00 
0.00 

0.(10 

T. 

n  m 

1.14 
.25 
.05 
.20 
.92 

0.00 
.01 

i.is 

.63 
.28 
.40 
.74 
.25 
.37 

0.U) 
.15 
0.00 
0.00 
.04 
0.00 
0.00 

17.21 
20.53 
11.31 

T  Agnna 

0.00    (1  on 

17.76 

Cuyamaca 

Sweetwater  dam 
T  A  Mesa 

.28 

0.00 

T. 

0.00 
0.00 
0.00 

29.  W 
5.54 
7  74 

a  Gage  destroyed. 

T  indicates  trace  of  rainfall. 
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CONSTRUCTION  OF  WELIiS  IN  SOUTHERN  CALIFORNIA. 

Mr.  H.  N.  Savage,  of  National  City,  California,  states  that  in  con- 
structing wells  in  sand  and  small  gravel  he  puts  down  a  tube  3  inches 
in  diameter,  open  at  the  bottom,  the  lower  portion  being  perforated 
and  wound  with  wire  spaced  1  inch  between  coils.  Around  this  wire 
is  wrapped  a  wire  gauze  with  50  meshes  to  the  lineal  inch,  and  out- 
side of  this  the  wire  is  again  wound,  strips  placed  longitudinally  to 
the  pipe  being  soldered  to  each  turn  of  the  wire.  The  pipe  with  this 
perforated  tube  on  the  lower  end  is  sunk  by  forcing  muddy  water 
down  it,  lengths  being  added  as  the  pipe  descends.  It  has  been  found 
that  clear  water  can  not  be  used  successfully,  but  that  a  consider-  ^ 
able  amount  of  silt  must  be  kept  in  suspension  in  the  wash  water. 
Presumably  the  sediment  serves  to  coat  the  sand  and  prevent  its 
adhering  to  the  outside  of  the  pipe. 

In  adding  new  joints  to  the  top  of  the  pipe,  the  change  is  made  with 
great  rapiditj^,  so  as  not  to  shut  off  the  wash  water  for  more  than  a 
few  seconds.  If  the  water  is  stopped  for  a  longer  period  the  sand  will 
settle  against  the  pipe  and  prevent  further  progress.  When  the  pipe 
has  been  settled  into  position,  gravel  is  immediately  shoveled  around 
it,  while  the  water  is  still  rising  on  the  outside.  About  one-half 
cubic  yard  of  gravel  is  thus  shoveled  in.  As  soon  as  this  is  done  pump- 
ing is  started,  to  clean  out  the  well.  A  centrifugal  pump  is  used  for 
the  purpose.  At  first  it  is  necessary  to  prime  the  pump  often,  some- 
times every  few  minutes.  Pumping  is  continued  until  the  sand  is 
exhausted — sometimes  several  days  or  a  week  is  required  to  accom- 
plish this.  The  top  of  the  pipe  is  then  connected  to  the  permanent 
pump,  no  inside  tubing  being  used. 

Several  hundred  wells,  most  of  them  about  50  feet  deep,  have  been 
driven  by  Mr.  Savage  by  the  common  sand-pumping  process,  5-inch 
pipe  in  10-foot  lengths  being  used  for  casing,  the  sand  being  pumped 
out  as  the  casing  is  forced  down  to  good  water-bearing  material.  A 
strainer,  usually  made  of  3-inch  pipe  covered  with  punched  brass  or 
with  wire  gauze,  is  put  down  inside  of  the  casing,  with  a  2-inch  pipe 
extending  to  the  surface  of  the  ground.  The  annular  space  between 
the  interior  of  the  casing  and  the  exterior  of  the  strainer  and  suction 
pipe,  extending  to  the  surface  of  the  ground,  is  filled  with  coarse  sand, 
and  the  casing  is  withdrawn. 

Usually  the  supply  is  from  a  gang  of  30  or  40  wells.  Centrifugal 
pumps  are  used  exclusively,  generally  horizontal  compound,  discharg- 
ing with  good  efficiency  into  the  main  pipe  line  against  a  head  of  50 
to  60  x>ounds  pressure  per  square  inch. 

Ten  of  these  pumping  plants  have  been  installed  by  Mr.  Savage  for 

the  San  Diego  Land  and  Town  Company,  and  he  makes  the  following 

statements  in  regard  to  them  and  to  the  wells  which  they  serve : 

The  wells  are  in  a  valley  of  recent  sedimentary  deposits,  consisting  of  nneven 
and  irregnlar  (a  few  inches  to  a  few  feet  thick)  strata  of  water-bearing,  sandy 
silt,  separated  by  similar  strata  of  impervious,  clayey  silt.    The  best  resnlts — 
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economy  of  installation,  yield  of  water,  and  duration  of  supply— have  been  obtained 
from  wells  about  50  feet  apart,  connected  to  main  suction  lines  having  a  pro- 
nounced grade  away  from  the  pump.  The  wells  were  put  down  by  first  sand 
pumping  through  5-inch  standard  screw  pipe,  cut  into  lengths  of  about  10  feet,  a 
sand  pump  or  bucket  with  jar  and  rods  being  used.  The  bucket  is  made  of  4-inch 
(outside  diameter)  casing  pix)e  about  6  feet  long.  The  first  section  of  5-inch  pipe 
being  started,  a  lever  is  clamped  to  it.  This  serves  also  as  a  platform  upon  which 
the  men  stand  while  working  the  sand  pump,  and  when  the  pipe  is  being  turned 
with  the  lever  their  weight  assists  in  forcing  it  into  the  ground.  Additional  lengths 
of  pipe  are  put  on  as  required,  and  the  operation  is  continued  until  water-bearing 
sand  of  sufficient  coarseness  and  thickness  of  strata  is  found,  when  the  strainer, 
with  sufficient  pipe  to  reach  from  the  bottom  of  the  well  to  the  top  of  the  ground, 
is  inserted  within  the  5-inch  pipe.  The  annular  space  between  the  5-inch  pipe  and 
.  the  outside  of  the  strainer  with  its  pipe  extension  is  filled  with  coarse  sand  or 
gravel,  after  which  the  outer  or  5-inch  pipe  is  withdrawn. 

The  strainer  is  made  of  a  piece  of  3-inch  pipe  from  2  feet  to  4  feet  long  (depend- 
ing upon  the  fineness  of  the  sand- bearing  stratum),  perforated  with  i-inch  hol^ 
spaced  from  1  inch  to  li  inches  between  centers.  No.  12  B.  W.  G.  wire  is 
wound  spirally  over  the  perforated  section  (the  spirals  being  spaced  about  1  inch 
apart),  which  then  is  covered  with  a  sheet  of  thin  brass  punched  full  of  boles 
about  fg  inch  in  diameter.  The  punch  was  specially  designed  for  this  work.  It 
has  24  points  (four  rows  of  six  in  a  row) ,  and  one  blow  of  the  hammer  is  sufficient, 
the  sheet  being  placed  on  a  wood  block.  The  punch  makes  either  a  cone  or  pyram- 
idal truncated  indenture  through  the  sheet,  which,  when  wrapped  and  soldered 
around  the  perforated  pipe,  gives  a  first-class  strainer.  The  diameter  of  the  holes 
punched  in  the  brass  sheet  is  reduced,  of  course,  with  the  fineness  of  the  'water- 
bearing materiaL  The  holes  presented  to  the  water-bearing  sand  are  very  small, 
and  since  they  increase  in  diameter  toward  the  pipe,  any  material  fine  enough  to 
enter  does  so  without  obstimcting  the  opening.  We  use  a  2-inch  pipe  extending 
from  the  strainer  to  the  top  of  the  ground. 

As  each  well  is  completed  a  No.  6  Douglas  hand  pump  is  connected  to  the  top, 
and  it  is  thoroughly  pumped,  to  free  it  from  clayey  matter  and  fine  sand.  For- 
merly we  tested  each  well  with  a  gasoline-actuated  centrifugal  pump,  and  left  the 
bottom  of  the  strainer  pipe  open.  We  have  found  it  desirable,  however,  to  ping 
the  bottom  of  the  strainer  before  putting  it  into  the  well,  which  of  coarse 
decreases  its  capacity  somewhat,  but  is  imperative  in  quicksand  formations. 
These  wells  yield  8  or  10  miners'  inches  each. 

We  are  obtaining  remarkably  satisfactory  results  from  horizontal  centrifn^al 
pumps,  either  single 'or  compound,  actuated  by  gasoline  engines.  I  have  jnst 
completed  a  plant,  the  supply  of  which  is  from  a  small  gang  of  wells,  which  is 
operated  by  a  No.  3  horizontal  compound  centrifugal  pump  actuated  by  a 
22-horsepower  gasoline  engine,  the  water  being  discharged  into  the  Sweetwater 
distributing  system  against  60  pounds  pressure.  When  last  measured  the  plAnt 
was  developing  a  fraction  more  than  29  miners'  inches. 

There  are  numerous  *' tricks"  connected  with  the  installation  and  operation  of 
these  plants,  both  in  sinking  the  wells  and  in  operating  the  machinery,  any  one 
of  which,  we  have  found  to  our  annoyance,  would  either  make  or  break  the  buo 
ces£[  of  the  undertaking. 

IRRIGATION  IN  UTAH  V AI.LEY,  UTAH. » 

INTRODUCTION. 

During  the  latter  half  of  the  month  of  August,  1899,  data  were 
obtained  for  a  brief  report  on  the  irrigation  systems  of  Utah  Valley. 

^Beport  of  J.  S.  Baker. 
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Information  i*egarding  the  history,  the  area  irrigated,  etc.,  was  given 
by  the  presidents  and  directors  of  canal  companies,  by  water  masters, 
and  by  those  most  closely  connected  with  irrigation  along  the  various 
streams.  In  many  cases  the  statements  were  from  memory,  although 
in  most  cases  they  were  from  records.  Frequently  it  was  necessary, 
owing  to  lack  of  time  in  which  to  make  observations,  to  accept 
approximate  estimates  from  those  who  contributed  the  information. 
In  view  of  these  facts  the  data  are  necessarily  incomplete  and  in 
some  cases  are  inaccurate,  but  they  give,  in  a  general  way,  the  facts 
as  they  existed. 

Utah  Valley  is  in  the  north-central  portion  of  the  State,  between 
the  high  Wasatch  Range  on  the  east  and  the  low  Lake  Mountains 
on  the  west.  There  are  about  150,000  acres  of  irrigable  land  in 
Utah  County,  most  of  it  in  Utah  Valley.  In  1890  there  were  40,195 
acres  cultivated,  and  36,586  acres  irrigated;  in  1899  there  were  about 
65,000  acres  irrigated.  Utah  Lake  occupies,  when  at  a  mean  eleva- 
tion or  ''compromise  line,"  about  84,000  acres  in  the  northwestern 
part  of  the  valley.  The  agricultural  land  lies  along  the  eastern  and 
southern  sides.  The  upper  lands  consist  of  gravel,  sand,  and  loam, 
while  the  lower  lands  bordering  the  lake  are  sandy  loams  and  in 
many  places  adjacent  to  the  lake  are  marshy. 

Water  for  irrigation  is  supplied  by  Provo  River,  Spanish  Fork, 
American  Fork,  Hobble  Creek,  Peteetnetr  Creek,  Current  Creek, 
Summit  Creek,  Rock  Canyon  Creek,  Groshen  Warmsprings  Creek, 
Salem  Pond,  Smith  Brothers'  spring,  Mapleton  Union  or  North  reser- 
voir. South  Mapleton  reservoir,  and  Mount  Nebo  reservoir.  The 
principal  facts  in  regard  to  these  sources  of  supply  are  given  in  the 
following  table  and  on  succeeding  pages : 

Streams  irrigating  lands  in  Utah  Valley  in  1899, 


Name  of  stream. 


Provo  Blver 

Do 

Do 

Spanish  Fork 

American  Fork 

Do 

Hobble  Creek 

Peteetnetr  Creek 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Current  Creek 

Summit  Creek 

Rock  Canyon  Creek 

Goshen  Warmsprings  Creek. 

Spring  Lake  Creek 

Salem  Pond ^ 

Smith  Brothers^  spring 


Drain- 
age 
area. 


Length. 


So.  vU. 
1,000 


670 
66 


160 
80 


12 


Miles. 
90 


45 

18 


25 

10 


12 

8 


Measurement. 


Date. 


1899. 
June  29 
July  13 
Aug.  16 
Aug.  22 
May  9 
Aug.  25 
Aug.  21 
May  1 
May  15 
June  1 
June  15 
July  1 
July  15 
Aug.  1 
Aug.  15 


Auff.  23 

do ... 

....do... 
....do.. 
Aug.  22 
Aug.  — 


Dis- 
charge. 


Sec- ft 
1,745 
535 
340 
139 
131 

67 

47 

21 
121 

65 

29 

23 

21 

17.0 

15.6 


14.6 

a  4.0 

5.5 

2.9 

5.0 

.9 


Number 
of  canals 

divert- 
ing 

water. 


16 


5 
3 


7 
17 


6  8  to  14 


3 

'i* 


Area 
irri- 
gated. 


Acres. 
a  20, 000 


17.708 
a  15,000 


5,250 
1,400 


2,500 
1,200 
400 
825 
15(1 
60(V 
c40 


a  Approximate. 

b  Some  canals  discontinue  in  low- water  season. 


c  Orchard  and  vmeyard- 
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The  methods  of  irrigation  throughout  the  entire  valley  are  flooding 
for  small  grains  and  grasses  and  the  furrow  method  for  orchards  and 
vegetables.     The  water  is  distributed  on  a  time  basis. 

PROVO  RIVER. 

Provo  River  is  the  largest  stream  entering  Utah  Valley.  It  has  its 
source  in  the  summit  of  the  Uinta  Mountains,  on  the  boundary  line 
between  Summit  and  Wasatch  counties,  and  very  near  the  sources  of 
Bear,  Weber,  and  Duchesne  rivers.  For  about  18  miles  it  flows 
through  a  precipitous  canyon,  which  in  cases  of  heavy  rainfall  yields 
a  large  run-off.  The  river  is  therefore  subject  to  great  fluctuation. 
At  the  upper  end  of  Provo  Canyon  is  a  large  valley  of  the  same  name. 
This  valley  is  useful  to  the  lower  irrigators  as  an  underground  storage 
reservoir.  A  part  of  the  water  of  the  river  is  applied  to  the  land  of 
the  valley  during  the  early  part  of  the  season,  and  reaches  the  river 
again  by  seepage  shortly  after  the  commencement  of  the  low- water 
period,  thus  increasing  the  flow  during  that  season.  Indeed,  it  has 
been  suggested  by  the  people  of  Provo  that  the  irrigators  of  the  upper 
valley  be  paid  to  irrigate  the  uncultivated  lands  of  that  vallej^  so  as 
to  still  further  increase,  hy  seepage,  the  flow  of  the  river  below  at  a 
time  when  water  is  most  needed.  Since  1883  there  have  been  but 
four  years  in  which  Provo  River  has  carried  a  sufficient  quantity  of 
water  to  supply  the  needs  of  the  irrigators  below. 

The  water  of  the  river  is  allotted  as  follows:  Blue  Cliff  canal,  Tim- 
panogas  canal,  Provo  Bench  canal,  one-eighth;  Roberts's  ditch,  Park 
&  Nuttall's  ditch,  Bomb  <fe  Richardson's  ditch,  Richmond  &  Penrod's 
ditch,  Stubbs  &  Furgeson's  ditch.  West  Union  canal,  two-fifteenths; 
Upper  East  Union  canal,  one-twelfth;  Lake  Bottom  canal,  one- 
fifteenth;  East  Union  canal.  Factory  race.  City  race,  and  Tanner's, 
forty-three  hundredths;  and  Little  Dry  Creek  canal,  one-fifteenth. 

Blue  Cliff  canal, — This  is  the  first  canal  diverting  water  from  Provo  River.  It 
heads  about  2^  miles  above  the  month  of  Provo  Canyon,  on  the  north  side  of  the 
stream.  The  greater  part  of  it  was  built  by  the  labor  of  the  owners,  but  small  por- 
tions were  built  under  contract.  In  connection  with  this  canal  there  is  contem- 
plated a  reservoir  on  Provo  Bench,  three-fourths  of  a  mile  northwest  from  the 
mouth  of  Provo  Canyon,  with  an  area  of  20  acres,  a  depth  of  10  feet,  and  a  capacity 
of  200  acre- feet. 

Timpanogas  canaZ.— This  is  the  second  canal  diverting  water  from  the  river. 
It  was  built  entirely  by  the  labor  of  the  appropriators.  Measurements  made  Jnly 
9,  1897,  by  the  water  commissioner,  Mr.  A.  L.  Booth,  of  Provo,  show  a  discharge 
of  7.27  second-feet.  An  annual  tax  of  50  cents  per  share,  to  pay  the  water  master 
and  general  expenses  of  operating,  is  levied  on  the  stock  of  the  company.  Con- 
siderable trouble  has  been  experienced  by  frequent  breaks  in  the  embankment, 
which  have  deprived  the  irrigators  of  the  use  of  water  for  a  considerable  lengt;h  of 
time.  Measurements  for  seepage  loss  were  made  August  16,  1899,  one  near  the 
head  and  one  9,500  feet  below.  At  the  upper  point  the  discharge  was  10.40  second- 
*feet;  at  the  lower  point  it  was  7.88  second-feet,  showing  a  loss  of  2.57  second>feet. 
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or  24.6  per  cent  of  the  discharge  at  the  head.    This  is  equal  to  a  loss  of  2.6  per 
cent  per  1,000  feet 

Provo  Bench  canal, — This  is  the  third  canal  diverting  water  from  the  river. 
It  heads  near  the  month  of  the  canyon,  on  the  west  side  of  the  stream.  The 
diverting  dam  is  made  of  two  large  logs  buried  to  their  tops,  horizontally,  in  the  bed 
of  the  stream,  at  right  angles  to  the  current.  The  lower  log,  which  is  10  feet 
farther  downstream,  is  the  higher.  On  top  of  the  logs  planks  are  spiked  trans- 
versely. An  apron  of  2-inch  plank  extends  from  the  crest  of  the  dam  20  feet 
downstream.  On  top  of  the  crest  and  extending  along  it  is  a  plank  10  inches 
high,  placed  on  edge.  The  gates  are  two  in  number,  each  7  feet  high,  6  feet  wide, 
and  of  2-inch  plank.  They  are  operated  by  a  rack  and  pinion  and  hand  lever. 
The  original  water  rights  were  acquired  by  appropriation,  but  later  the  canal  was 
enlarged  and  water  to  fill  it  was  purchased.  Measurements  for  seepage  on  this 
canal  were  made  August  17,  1899.  The  loss  from  that  source  and  from  evapora- 
tion was  4.31  second-feet  (equal  to  7.4  per  cent  of  the  amount  at  the  head)  in  a 
distance  of  1.5  miles.  There  are  five  small  ditches  diverting  water  from  the  river 
and  from  what  is  known  as  City  Creek.  Two  of  them— Roberts  s  ditch  and  Park 
&  Xuttairs  ditch — ^are  on  the  west  side  of  the  river,  and  three  of  them — Bomb  & 
Richardson's,  Richmond  &  Penrod's,  and  Stubbs  &  Furgeson's — are  on  the  east 
side  of  the  river.  Measurements  of  these  ditches  were  made  August  17  and  18, 
1899,  the  results  of  which  are  given  in  the  table  on  page  503. 

West  Union  canaL — This  canal  is  the  fourth  one  diverting  water  from  Provo 
River.  It  heads  1  mile  below  the  mouth  of  Provo  Canyon,  on  the  west  side  of  the 
stream.  It  was  constructed  in  1875-76  by  day  labor.  In  1897  the  West  Union 
Canal  Company  consolidated  with  the  Enterprise  Canal  Company  under  the  name 
of  the  East  Union  Canal  Company,  and  the  canal  was  enlarged  so  as  to  carry  the 
supply  of  both  companies.  The  water  has  a  rental  value  of  $2  per  share  per 
annum.  Measurements  made  on  July  9,  1897,  showed  a  discharge  of  29.3  second- 
feet,  and  those  made  on  August  4, 1897,  a  discharge  of  30.6  second- feet.  The  inter- 
est in  the  canal  is  separate  from  that  in  the  land;  water  rights  do  not  go  with  the 
land,  but  are  bought  and  sold  as  other  property.  Each  owner  can  sell  or  rent  his 
proportion  of  the  water  if  he  does  not  care  to  use  it,  but  if  he  does  not  sell  or  rent 
it  the  company  can  do  so  and  the  revenue  goes  into  the  treasury  of  the  company. 
Upper  East  Union  canaZ.— This  is  the  fifth  canal  diverting  water  from  the 
river,  and  the  uppermost  from  City  Creek,  an  old  river  channel  through  which 
irrigation  water  for  the  city  of  Provo  is  taken  to  the  four  canals  serving  it. 
The  construction  of  the  Upper  East  Union  canal  was  begun  in  1871  and  was 
completed  in  1874.  It  was  built  by  day  labor  of  the  appropriators  and  by  con- 
tract. The  water  rights  were  acquired  by  original  appropriation.  One  share 
of  stock  in  the  company  covers  the  right  to  the  use  of  enough  water  to  irri- 
gate 1  acre  of  land.  The  canal  was  designed  to  carry  30  second-feet  of  water. 
On  July  9,  1897,  there  were  32.85  second-feet  flowing  in  it,  and  on  August  4,  1897, 
21.45  second-feet.  Measurements  made  in  1899  will  be  found  in  the  table  on  page 
508.  The  loss  in  seepage  on  August  17,  1899,  in  a  distance  of  1  mile,  was  0.75 
aecond-foot,  or  2.65  per  cent  of  the  amount  at  the  head  of  the  canal. 

Ixike  Bottom  canal. — This  is  the  sixth  canal  diverting  water  from  the  river, 
and  the  lowest  from  the  west  side.  It  is  taken  out  about  4  miles  below  the  mouth 
of  Provo  Canyon.  It  was  constructed  in  1861,  by  the  labor  of  the  appropriators. 
Jkleasurements  were  made  July  9,  1897,  near  the  head  of  the  canal,  and  showed 
a  discharge  of  15.78  second- feet;  those  made  August  4,' 1897,  showed  a  discharge 
of  13  second-feet.  A  large  amount  of  water  seeps  into  this  canal  from  the  irri- 
gated land  above,  which  consists  of  a  deep  gravel  deposit.  Being  supplemented 
}ay  seepage  water  it  is  not  so  subject  to  shortage  as  are  the  canals  above. 
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East  Union  canal, — This  is  the  seventh  canal  diyerting  water  from  Provo  Riirer. 
It  is  supplied  through  City  Creek.  It  is  nearly  parallel  to  the  Upper  ELast  Union 
canal,  at  an  average  distance  of  five-eighths  of  a  mile.  It  was  constructed  in  1857, 
by  the  labor  of  the  appropriators.  The  capacity  was  designed  to  be  37  second- feet. 
In  1874,  upon  the  petition  of  the  owners,  the  canal  was  placed  nnder  the  control 
of  the  city  of  Provo,  for  the  reason  that  most  of  the  land  under  it  was  within 
the  city.  The  water  rights  are  valued  at  from  $60  to  $70  per  acre  for  farms  and 
$125  per  acre  for  city  lots. 

Factory  race, — This  race  is  the  eighth  canal  diverting  water  from  the  river. 
It  is  supplied  through  City  Creek.  It  was  enlarged  in  1872,  when  an  addi- 
tional amount  of  water  was  appropriated.  Its  capacity  is  about  67  second-feet 
Like  the  East  Union  canal,  it  was  placed  under  municipal  control  in  1874.  About 
three-fifths  of  the  water  of  this  canal  is  used  by  the  Provo  mills  for  power  pur- 
poses; the  remainder  is  used  for  irrigation. 

Tanner's  race. — This  is  the  tenth  canal  diverting  water  from  the  river.  Some 
of  the  water  is  used  for  power  purposes,  but  after  having  passed  the  mills  it  is 
again  used  for  irrigation.  The  capacity  of  the  canal  is  about  27  second-feet.  It 
was  taken  under  the  control  of  the  city  of  Provo  in  1874. 

Little  Dry  Creek  canal, — This  is  the  last  and  the  oldest  canal  diverting  water 
from  Provo  River.  Its  headworks  are  near  the  northwestern  part  of  the  city  of 
Provo.  It  was  constructed  in  1852,  by  the  labor  of  the  appropriators.  On  July 
9, 1897,  a  measurement  was  made  which  showed  a  discharge  of  12.5  second-feet; 
on  August  4,  1897,  another  measurement  was  made  which  showed  a  discharge  of 
8.8  second-feet.    Measurement  made  in  1899  will  be  found  in  the  table  on  page  503. 

Data  regarding  Provo  River  canals. 


Name  of  canal. 

Year  of 
appro- 
pria- 
tion. 

1884 
1878 
1866 

Capital 
stock. 

Number 

of 
shares. 

Value 

of 
shares. 

Dimensions  of  canal. 

Length.)  Width.     Depth. 

Blue  Cliff  canala 

• 

150,000 
4,125 

• 

2,000 
165 

$26 
25 

Miles. 

m 
4 

6 
9.5 

Feet.          Feet. 
6  '            :* 

Tlmpanofras  canal 

Provo  Bench  canal   

..... 1 

Roberts's  ditch  & 

i: 

Park  &  Nnttairs  ditch  6 

________ .-!____.. .. 

Bomb  &  Richardson's  ditch  b.. 

Richmond  &  Penrod's  ditch  b  . 

1 

Stubbs  &  Furflreson's  ditch  b... 

1 

1876 
1872 

1858 
1857 
id) 

24,000 
17,220 

1,200 
1,722 

20 
10 

10 
7.5 
7 

5.6 
4.5 
5 
6 
4 

Upper  East  Union  canal 

Lake  Bottom  canal........ - 

..........I......  . 

Eftst  Union  canal  c 

Factory  race.. ....... 

'i2'i         "as 

City  racec 

Tanner's  race  c 

i856 
1852 

T^ittle  Dry  Cr*»ek  canal 

4,000 

400 

10 

a  In  course  of  construction. 

b  Data  not  ascertained. 

c  Under  control  of  city  of  Provo. 

dXime  of  first  appropriation  not  learned;  second  appropriation  in  1872. 
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Dutp  of  water  of  Provo  River  canals  in  1899. 


Name  of  canal. 


MeoMarements. 


Date. 


1899. 


Bluff  Cliff  canal  a 

Timpanogas  canal ]  Aug:.  16 

Proro  Bench  canal !  Aug.  17 

Roberta's  ditch L...do... 

Park  &  Nuttall'B  ditch do ... 

Bomb    &    Richardson's  '  Aug.  18 

ditch. 
Bichmond    &    Penrod's  ' do... 

ditch. 
Stubbs     &     Fnrgeson's  ' do... 

ditch. 
West  Union  canal ,  Aug.  17 

Upper  East  Union  canal do... 

Do May    8 

Lake  Bottom  canal Aug.  17 

Ea.st  Union  canal Aug.  18 

Factoryrace do... 

Cityrace do... 

Tanner's  race  t Aug.  17 

Little  Dry  Creek  canal do... 


Dis- 
charge. 


Sec-feet. 
41.66 
clO.40 
d7.8i 
53.66 
<>57.96 
2.80 
1L81 
/l.OO 

/4.00 

/5.00 


{ 


65.96 
C28.27 

29.28 
7.14 
18.22 
5L44 
12.40 
16.94 
4.64 


Duty  of  water. 


Length  of  Irriga- i    » 
tion  period.       !  f^^ 

gated. 


Apr.  1  to  Sept.  1 
^Apr.l5toSept.l5 

"Apr.  1  to  Sept.  1 

Apr.l5toSept.l5 

...do 

...do 


-do., 
.do., 
.do.. 


Apr.l5toSept.  15 
do 


.do 
.do 
.do 
.do 
.do 


Acres. 
62,700 

650 
4,0P0 


fir  1,200 

3,500 
680 


A300 
880 
490 
400 


Amount  used. 


Sec.'ft. 
^41.66 

7.84 
53.66 


10.00 


55.96 


4.64 


Acre-ft. 
612,  MS 

2,379 
16,281 


3,086 


16,988 


1,406 


Depth. 


Feet. 
64.68 

8.66 
4.07 


2.62 


4.85 


8.52 


a  Not  yet  completed. 

b  Calculated. 

c  Near  head. 

d  Near  laterals. 

e  One-half  mile  aboTe  first  measurement. 

/  Float  measurement. 

q  These  three  canals  irrigate  low  land. 

n  Acreage  reported  by  waiter  Scott,  of  Provo;  three-fifths  of  the  stream  used  for  power. 

I  irrigates  city  property  almost  exclusively. 

SPANISH    FORK. 

Spanish  Fork  is  the  second  river  of  importance  in  Utah  Valley.  It 
rises  near  Soldiers  Summit,  in  the  tops  of  the  Wasatch  Mountains, 
near  the  eastern  rim  of  the  Great  Basin.  Throughout  the  greater 
part  of  its  course  it  passes  through  a  deep  and  narrow  canyon  about 
30  miles  in  length,  enters  Utah  Valley  in  the  southeast  corner,  and 
thence  flows  in  a  northwesterly  direction  into  Utah  Lake.  The  follow- 
ing canals  divert  water  from  it  for  irrigation  purposes: 

East  Bench  canal, — This  canal  heads  a  short  distance  above  the  month  of  Span- 
ish Fork  Canyon,  on  the  north  side  of  the  river.  It  irrigates  the  high  bench  eadt 
of  the  city  of  Spanish  Fork. 

Salem  Irrigation  Company's  canal, — This  canal  heads  a  short  distance  below  the 
East  Bench  canal,  bnt  on  the  sonth  side  of  the  river.  It  was  planned  in  1868,  and 
was  constrncted  in  1869-70,  by  the  labor  of  the  appropriators.  Measurements  are 
made  every  year  at  the  head  gate,  which  is  4  feet  wide,  and  the  depth  varies  from 
1 7  inches  down.  This  is  all  that  is  known  by  the  irrigators  of  the  amount  of  water 
flowdngr  hi  the  canal.  As  a  means  of  keeping  the  canal  free  from  sediment  and 
iqnatic  vegetation,  it  is  dredged  twice  each  week  during  the  irrigation  season, 
rhe  dredge  is  made  of  a  railroad  rail  bent  in  a  V  shape,  the  distance  between  the 
7f7o  end.8  of  the  rail  being  equal  to  the  width  of  the  canal.  The  dredge  is  fastened 
>y  the  ax>ez,  with  the  flange  down,  to  the  rear  end  of  a  cart,  and  is  drawn  down 
he  entire  leng^  of  the  canal.  This  keeps  the  canal  free  from  vegetation,  prevents 
he  accnmulation  of  silt,  and  eliminates  the  necessity  of  an  annual  clean-up. 
South  Field  Irrigation  Company's  canal, — This  canal  is  taken  out  of  the  river 
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on  the  south  side,  below  the  Salem  canal.  It  irrigates  what  is  known  as  the  Span- 
ish Fork  south  field.  It  was  constructed  in  1867,  partly  by  labor  of  the  appropri- 
ators  and  partly  by  contract.  Measurements  are  made  every  week,  by  the  water 
master,  over  a  weir  board.  Measurement  made  in  1899  is  given  in  the  last  table 
on  this  page. 

City  catiaL — This  canal  heads  on  the  north  side  of  the  river,  and  conducts  the 
water  northwesterly  about  8  miles,  to  the  city  of  Spanish  Fork.  The  water  is  used 
for  power  and  for  irrigation  purposes.  After  leaving  the  mills  the  water  used  for 
power  purposes  is  again  used  for  irrigation.  The  water  is  owned  by  three  com- 
panies— Spanish  Fork  Municipal  Corporation,  Southeast  Field  Irrigation  Company, 
and  Spanish  Fork  West  Field  Irrigation  Company.  The  canal  was  built  in  1850, 
by  day  labor  of  the  appropriators;  in  1865  it  was  enlarged  to  its  present  size.  To 
the  division  gates,  where  the  water  is  divided  into  the  three  canals  by  weir  gates. 
as  they  are  called,  it  is  controlled  by  the  city  of  Spanish  Fork. 

Lake  Shore  canal, — This  canal  is  the  last  one  diverting  water  from  Spanish  Fork. 
It  heads  on  the  south  side  of  the  river,  about  3  miles  west  of  the  city  of  Spanish 
Fork.  The  channel  of  the  river  at  that  point  is  cut  deep  into  the  sandy  soil,  and 
consequently  the  canal  is  very  deep. 

Data  regarding  Spanish  Fork  canals. 


Name  of  canal. 

Year  of 
appro- 
pria- 
tion. 

Capital 
stock. 

Number 

of 
shares. 

Value  of 
shares. 

Dimensions. 
Length.     Width.  '   Depth. 

Fn^t  Bench  '^ftiwl  - 

1 

MiUi,    '     Feet.         Feti 

1 

Salem   Irrigation  Company's 
canal 



$44,160 

ag.flno 

2,208 
3.300 

$20.00 
12.00 

1 
6    

South  Field  Irrigation  Com- 
pany's canal 

1867 

V      1 

:                  1 
7    1     

City  canal 

1 1 

a3  ::::::::..:..::::. 

Spanish  Fork  Manicipal  Cor- 
poration canal 

ISTK) 
1865 
1865 

-  1    --  - 

1 

Southeast     Field    Irrigation 
Company's  canal 

1 
1 

Spanish  Fork  West  Field  Irri- 
gation Company's  canal 

Lake  Shore  canal 

1  ■ 

1 

1 

1 

1 

a  Length  of  main  canal,  exclusive  of  laterals. 


Duty  of  loater  of  Spanish  Fork  canals  in  1S99, 


Name  of  canal. 


Measurements. 


East  Bench  canal 

Do 

Salem  Irrigation  Com- 
pany's canal 

Sou;;h  Field  Irrigation 
Company's  canal do... 

City  canal | — do . 


Date. 


1809. 
May  11 
Aug.  22 

....do... 


Dis- 
charge. 


Sec.-ft. 
80.47 
28.19 

23.05 

37.30 
38.51 


Length  of  irri- 
gation period. 


May  1  to  Sept.  15 
do...: 


do 
.do 


Duty  of  water. 


Area  ir- 
rigated. 


Amount  used.     ,  DeptJL 


Acres. 


5,000 

2,208 

4,000 
6,500 


Sec. 'ft. 


54.30 

22.05 

87.39 
38.51 


15,940 

6,473 

10,976 
11,807 


Acre-fi.     Ftct. 


ai? 

2,i(> 

2.74 

1.74 


AMERICAN  FORK. 


Beginning  at  the  north  end,  the  first  river  entering  Utah  Valley  is 
the  American  Fork.  This  stream  is  probably  the  third  in  importanct*. 
It  rises  in  the  northeastern  part  of  Utah  County,  on  the  western  slope 
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of  the  Wasatch  Mountains,  and  flows  in  a  southwesterly  direction  into 
Ut^h  Lake.  The  water  is  used  for  power  and  for  irrigation  purposes. 
It  is  very  cold  and  is  perfectly  transparent  as  it  emerges-  from  the 
deep  canyon  into  the  valley.  The  power  plant  is  above  the  headworks 
of  the  canals,  and  all  of  the  water  reenters  the  river  before  any  is 
diverted  for  irrigation  purposes.  All  of  the  water  in  the  river  is 
diverted  at  the  mouth  of  the  canyon  into  three  canals,  namely,  the 
Lehi  canal,  the  American  Fork  canal,  and  the  Pleasant  Grove  canal. 
A  crib  weir  is  placed  across  and  at  right  angles  to  the  river  bed,  being 
held  in  place  by  rock  filling.  The  upper  side  of  the  weir  is  made 
impervious  by  planking  and  earth  filling.  Near  the  top  of  the  weir 
are  four  rectangular  openings,  which  allow  the  water  to  fiow  into  the 
respective  canals,  two  of  the  openings  being  for  the  American  Fork 
canal.  The  admission  of  water  is  regulated  by  means  of  flashboards. 
The  waters  of  the  American  Fork  are  divided  as  follows:  Lehi  canal, 
one-third  from  July  1  to  September  20,  one-sixth  from  September  20 
to  July  1 ;  American  Fork  canal,  eight  twenty-firsts  during  the  irriga- 
tion period;  Pleasant  Grove  canal,  two-sevenths  from  April  15  to 
September  20,  and  from  September  20  to  April  15  only  sufficient  for 
culinary  purposes. 

Lehi  canal. — This  canal  is  on  the  north  side  of  the  canyon,  and  has  a  westerly 
coarse  to  Lehi,  a  distance  of  5  miles.  A  shortage  of  water  occurs  each  year,  due 
to  an  insnfficient  amount  in  the  river. 

American  Fork  canal, — This  canal  receives  its  water  throngh  the  middle  portion 
of  the  river  weir.  The  direction  of  the  canal  is  southwest,  following  the  old  river 
bed  the  greater  part  of  the  distance  to  the  city  of  American  Fork.  The  water  is 
under  the  control  of  that  city.  The  rights  were  acquired  by  appropriation.  Tbey 
belong  to  the  land  for  which  the  water  was  appropriated  and  can  not  be  trans- 
ferred. There  has  always  been  a  shortage  of  water,  not  more  than  half  the  neces- 
sary quantity  being  available,  but  there  has  been  no  litigation  on  that  account, 
probably  because  the  distribution  is  under  municipal  control. 

IHeasant  Orove  canal. — This  canal  receives  its  water  from  the  south  opening  in 
the  American  Fork  weir.  The  direction  of  the  canal  is  southeasterly  to  Pleasant 
Grove.    It  irrigates  the  city  lots  of  Pleasant  Grove  and  the  fields  in  that  vicinity. 

Duty  of  water  of  American  Fork  canals  in  1899, 


Naxne  of  canal. 


Lehi  canal 

American  Fork  canal 

Do 

Pleasant  Grove  canal 

Do 


Measurements. 


Date. 


1899. 
Ang.  25 
May  9 
Aug.  26 
May  9 
Aug.  26 


Dis- 
charge. 


Sec.-ft. 
17.  S2 
73.91 
28.85 
89.  iO 
10.71 


Length  of  irriga- 
tion period. 


Apr.  1  to  Sept.  20 
do 


Duty  of  water. 


Area  ir- 
rigated. 


Apr.  1  to  Sept.  20 


Amount  used.     >  Depth 


Acres.       Sec.-ft. 


7,000 


5,000 


51.38 


26.06 


Acre-ft. 


17,631 


8,596 


Feet. 


2.52 


1.72 


HOBBLE  CREEK. 


Hobble  Creek  enters  Utah  Valley  at  about  the  center  of  its  eastern 
side,  and  irrigates  the  land  in  Springville  and  the  immediate  vicinity. 
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All  of  the  canals  diverting  water  from  the  creek  are  under  the  con- 
trol of  the  city  of  Springville.  A  water  privilege  consists  of  the  right 
to  use  a  certain  amount  of  water,  apportioned  by  the  water  master, 
for  three  houra  per  acre  each  three  weeks.  These  rights  were 
acquired  by  appropriation,  and  can  not  be  transferred  from  one  party 
to  another  except  by  a  transfer  of  the  land.  The  chief  water  master 
is  appointed  by  the  city  council  for  the  term  of  one  year.  He  in  turn 
appoints  sub  water  masters,  who  divide  the  water  among  the  irri- 
gators of  their  respective  districts. 

There  is  an  annual  tax  of  6  cents  per  acre  watered,  to  meet  the 
expenses  of  the  system.  Usually  there  are  six  applications  of  the 
water  to  the  land  each  year,  some  crops  requiring  more  and  some  less 
than  that  number. 

Nearly  every  year  prior  to  1899  there  has  been  a  shortage  in  the 
canals  diverting  water  from  Hobble  Creek,  but  there  has  never  been 
any  litigation  in  consequence  of  the  shoi-tage.  When  the  water 
becomes  low  in  the  latter  part  of  the  season  the  irrigators  having  the 
titles  of  most  recent  dates  are  deprived  of  the  use  of  the  water,  all  of 
which  is  reserved  for  those  having  prior  rights. 

Mapleton  Reservoir  canal, — This  is  the  uppermost  canal  diverting  water  from 
Hobble  Creek.  It  heads  a  short  distance  above  the  month  of  the  canyon.  It  was 
constructed  in  1878,  by  the  appropriators.  In  the  spring  of  1899  it  was  bought  by 
the  city  of  Springville  for  $750,  under  an  agreement  which  gave  the  former  owners 
an  equal  right  with  the  remainder  of  the  Springville  irrigators. 

Mapleton  Union  canal. — This  is  the  second  canal  diverting  water  from  Hobble 
Creek.  It  takes  its  water  from  the  south  side  of  the  stream.  It  was  built  in  1853 
and  went  under  the  control  of  the  city  in  1877. 

North  Bench  canal— Thia  is  the  third  canal  diverting  water  from  the  creek, 
and  the  uppermost  on  the  north  side.  It  was  built  in  1852.  The  seepage  into  it 
from  the  hillside  was  found  to  be  0.04  second-foot  in  a  distance  of  three-fourths  of 
a  mile. 

Idand  canal, — This  is  the  fourth  canal  diverting  water  from  the  creek.  It  is 
taken  out  on  the  north  side,  and  was  constructed  in  1851. 

Sage  Creek  caiiaZ.— This  is  the  fifth  canal  diverting  water  from  the  creek.  It 
is  on  the  south  side  of  the  stream.  It  was  constructed  in  1860,  by  the  labor  of  the 
appropriators. 

South  Big  Field  ditch,— ThiB  canal  diverts  water  from  the  north  side  of  the 
creek.    It  was  constructed  in  1861. 

City  ditcK — This  is  the  lowest  ditch  diverting  water  from  Hobble  Creek.  It 
was  constructed  in  1850,  by  the  labor  of  the  owners. 

Data  regarding  Hobble  Creek  canals. 


Name  of  canal. 


Mapleton  Beservoir  canal 

Mapleton  Union  canal 

North  Bench  canal 

Island  canal 

Sage  Creek  canal 

South  Big  Field  ditch.... 
City  ditch 


Year  of 

appro- 

Length 

pria- 

of canal. 

tion. 

MOea. 

1878 

0.75 

1868 

3.0 

1868 

3.0 

1851 

1.0 

1800 

1.5 

1861 

3.0 

1860 

1.0 
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Duty  of  water  of  Hobble  Creek  canals  in  1899, 


Name  of  canaL 


Mapleton  BeflerYoir  canal. 


»piet 

2kUpleton  Union  canal. 
Do 


North  Bench  canal 

Do 

Island  canal 

Sage  Creek  canal 

South  Big  Field  ditch 

City  ditch 


Measurements. 


Date. 


1890. 
May  10 

Aug.  2\ 
May  10 

Aug.  21 

May  10 
Auff.  21 

i.i'doli; 
....do... 
.—do... 


•Die- 
charge. 


SeC'feet. 
7.8T 
8.00 
26.14 
17.06 
10.11 
11.66 
8.80 
4.02 
6.06 
5.62 
2.21 


{ 


Length  of  irri- 
gation period. 


May  1  to  Sept.  16 


JMayltoSeptlii 


May  1  to  Sept.  15 

do 

do 

do 

do 


Duty  of  water. 


Area 
irri- 
gated. 


Acres. 
100 


2,400 


800 
260 
600 
800 
400 


Amount  used. 


See.'ft. 


2Si.l2 


10.00 
4.02 
5.08 
6.62 
2.21 


AXTZ'ft. 


6,065 


2,787 
1,101 
1,681 
1,611 
006 


Depth. 


Feet. 


2.62 


2.72 
4.40 
8.28 
1.80 
1.61 


PETEETNETR  CREEK. 

Perhaps  the  best  and  most  complete  irrigation  system  in  Utah  Val- 
ley is  that  of  Peteetnetr  Creek.  This  stream  has  its  source  near  the 
top  of  the  high  mountains  north  of  Mount  Nebo,  about  10  miles  south- 
east of  Payson.  At  the  head  of  the  creek  and  its  branches  are  five 
reservoirs.  The  largest  covers  30  acres  and  has  a  mean  depth  of  10 
feet;  the  next  largest  covers  25  acres  and  has  a  mean  depth  of  10  feet; 
the  others  cover  from  7  to  10  acres  each,  with  mean  depths  of  from  5 
to  7  feet.  The  dams  are  all  of  earth.  The  construction  of  the  largest 
reservoir  is  under  the  charge  of  Mr.  R.  C.  Gemmel,  State  engineer  of 
Utah.  The  reservoirs  were  begun  in  1887,  but  no  benefits  were 
derived  from  them  until  1891.  They  are  fed  principally  by  the  flood 
waters  that  occur  during  the  spring,  the  springs  flowing  to  them  being 
small.  The  reservoirs  and  the  creek  are  under  the  control  of  the.  city 
of  Payson.  There  is  an  annual  tax,  for  the  maintenance  of  the  sys- 
tem and  the  payment  of  the  water  master,  of  25  cents  per  acre  for 
farms  and  65  cents  x)er  acre  for  city  lots.  The  water  of  the  creek  and 
the  reservoirs  is  divided  into  seventeen  streams,  through  seventeen 
Cippoletti  weirs,  and  the  water  of  the  streams  is  distributed  on  a  time 
basis.  The  area  irrigated  is  1,400  acres.  The  flow  of  the  creek  is 
measured  above  all  diversions  over  a  rectangular  weir  with  12  feet 
length  of  crest. 

Mea^wrefments  over  toeir  on  Peteetnetr  Creek  in  1899, 


Date. 


Mayl 

May  15—. 

Junel 

June  15... 

Julyl 

July  16-... 
August  1 . 
August  15 


1800. 


Depth 

of 
water. 


Feet. 

0.6667 

2.1667 

1.4167 

.8333 

.7083 

.6667 

.5720 

.5417 


Dis- 
charge. 


Dis- 
charge 

for 
month. 


Sec.-ft. 
21.3 
121.8 
65.2 
20.7 
23.8 
21.8 
17.0 
15.6 


Acre-ft. 
4,096 


2,826 
"i,'87i' 

"i^oog" 


Depth 

for 
month. 


Feet. 
3.14 


2.02 
"."08 
"."Ti 


NoTB.— The  number  of  acre-feet  and  the  depth  are  greater  than  those  actually  used,  the 
measurements  being  made  a  great  distance  from  the  land  to  which  the  water  was  applied,  and 
there  being  considerable  loss  by  seepage  and  evaporation. 
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The  water  of  the  creek  was  appropriated  in  1851.  The  water  master, 
appointed  by  the  city  council,  attends  to  the  general  division  of  the 
water  at  the  weirs.  When  necessary  he  appoints  sub  water  masters 
to  attend  to  the  subdivision.  At  the  beginning  of  each  irrigation 
season  the  water  master  issues  to  each  irrigator  a  schedule  stating 
the  time  at  which  he  is  to  take  the  water  for  each  turn  during  the 
entire  season.  There  has  not  been  a  shortage  of  water  on  this  stream 
since  1888,  and  there  has  been  no  litigation  on  account  of  shortage. 

The  principal  crops  raised  are  wheat,  oats,  potatoes,  fruit,  and  sugar 
beets.  Of  the  last,  160  acres  were  raised  in  1898,  the  average  yield 
being  18  tons  per  acre.  This  would  make  a  total  of  2,880  tons,  the 
value  of  which,  at  $3.75  per  ton,  would  be  S10,800,  or  $67.50  per  acre. 

CURRENT  CREEK. 

This  creek  heads  near  the  western  base  of  Mount  Nebo.  Its  gen- 
eral course  is  north.  It  is  about  12  miles  long,  and  empties  into  Utah 
Lake  at  the  extreme  southern  end. 

Its  waters  are  impounded  by  a  dam  placed  across  the  channel  about 
1  mile  west  of  Goshen.  This  reservoir  is  used  as  a  distribution  basin, 
from  which  seven  canals  receive  their  supply  of  water.  The  creek 
irrigates  about  2,500  acres.  The  irrigation  period  extends  from  April 
1  to  October  1. 

On  the  west  side  of  Mount  Nebo,  in  the  south  end  of  Utah  County, 
in  what  is  known  as  Mona  Valley,  is  the  Mount  Nebo  Land  and  Irriga- 
tion. Company's  reservoir,  which  when  full  covers  about  2,000  acres 
to  a  mean  depth  of  12  feet,  and  is  supplied  by  the  winter  flow  of  Cur- 
rent Creek.  The  dam  is  built  of  selected  and  graded  earth.  The  top 
length  is  215  feet,  the  bottom  length  125  feet.  The  bottom  width  is 
101  feet,  the  top  width  10  feet,  the  height  25  feet.  About  25  feet 
down  the  lower  slope  there  is  a  3-foot  berm.  The  entire  dam  is  cov- 
ered with  riprap.  The  outlet  tunnel  is  cut  through  the  solid  rock, 
about  37  feet  below  the  surface.  The  valves  are  of  the  kind  known 
as  the  butterfly  valve — fastened  to  vertical  shafts  and  operated  from 
the  valve  house  by  a  worm  gear.  The  spillway  is  cut  through  tlie 
solid  rock  around  the  northern  end  of  the  dam.  It  is  25  feet  wide,  5 
feet  deep,  200  feet  long,  and  its  crest  is  5  feet  below  the  top  of  the 
dam.  The  water  is  drawn  off  and  emptied  into  the  old  creek  l)e<l 
below  the  dam,  and  is  carried  down  the  canyon  about  2  miles  to  the 
division  gates,  where  the  reservoir  water  is  diverted  into  the  canal  of 
the  Mount  Nebo  Irrigation  Company,  and  the  natural  flow  of  the 
stream  is  allowed  to  pass  down  the  old  channel.  'The  water  of  the 
Mount  Nebo  Irrigation  Company  is  conducted  by  a  semicircular  stave 
flume  the  greater  part  of  the  distance  down  the  canyon.  One  cross- 
ing of  the  canyon  is  made  on  a  trestle  and  another  by  means  of  an 
inverted  siphon.     At  each  end  of  the  siphon  the  flume  is  gradually 
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contracted  into  the  pipe.  In  1899  the  water  from  this  reservoir  irri- 
gated about  2,100  acres,  but  there  was  only  about  five-sixths  of  the 
quantity  necessary  to  mature  the  crops.  There  are  about  10,000  acres 
of  land  tributary  to  the  canal. 

SUMMIT  CREEK. 

Summit  Creek  rises  in  the  tops  of  the  mountains  on  the  south-central 
side  of  Utah  Valley.  Its  course  is  northwest,  and  its  lenp^th  about  8 
miles.  The  first  and  only  measurement  of  the  stream  made  by  the 
writer  was  on  August  23, 1899.  The  discharge  at  that  time  was  14.64 
second-feet.  The  stream  is  owned  and  controlled  by  the  Santaquin 
Irrigation  and  Canal  Company,  which  was  incorporated  in  1875.  The 
iiTigation  season  is  from  April  1  to  October  25. 

GOSHEN  WARMSPRINGS  CREEK. 

This  creek  rises  in  the  level  of  Goshen  Valley — adjacent  to  Utah 
Valley  at  the  extreme  southern  end — near  the  base  of  the  Nebo  Range, 
and  irrigates  land  on  the  east  side  of  Goshen  Valley.  On  August  23, 
1899,  the  aggregate  discharge  of  the  streams,  three  in  number,  was 
estimated  to  be  5. 5  second-feet,  which  was  an  average  of  the  flow  for  the 
season.  The  number  of  acres  irrigated  is  825.  The  irrigation  season 
extends  from  April  1  to  October  1,  or  183  days.  The  total  discharge 
during  that  time  would  be  2,006  acre-feet,  which  would  cover  the  825 
acres  to  a  depth  of  2.42  feet.  The  crops  raised  are  meadow  hay, 
alfalfa,  and  grain. 

ROCK  CANYON  CREEK. 

This  stream  flows  from  a  deep  canyon  northeast  of  the  city  of  Provo, 
and  irrigates  land  lying  between  the  foot  of  the  mountains  and  the 
Timpanogas  canal.  The  irrigation  season  extends  from  April  1  to 
September  1.  The  mean  discharge  during  the  irrigation  season  is 
nearly  4  second-feet,  or  a  total  of  1,214  acre-feet.  The  area  irrigated 
is  400  acres,  which  would  be  covered  to  a  depth  of  3.04  feet.  The  soil 
consists  of  a  gravel  and  sand  wash.  The  crops  raised  are  grain  and 
alfalfa. 

SPRING  LAKE  CREEK. 

This  creek  has  its  source  in  a  small  lake  or  pond  which  covers  20 
aci-es  to  a  mean  depth  of  4  feet.  It  is  used  as  a  storage  reservoir  and 
also  as  a  means  of  raising  the  water  sufficiently  to  irrigate  the  higher 
land.  A  measurement  of  the  stream  was  made  on  August  23, 1899, 
the  discharge  being  2.89  second-feet.  The  number  of  acres  irrigated 
is  150. 
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RATING  TABIiBS. 

The  following  pages  contain  the  rating  tables  for  the  various  river 
stations  described  in  Water-Supply  Papers  Nos.  47  to  51,  inclusive. 
In  each  case  the  table  shows  the  relation  which  has  been  found  to 
exist  during  the  year  1900  between  the  height  of  water  on  the  gage 
and  the  discharge  in  cubic  feet  per  second.  The  tables  have  been 
prepared  from  measurements  made  during  1900  or  previous  years, 
and  are  used  in  computing  the  daily  flow,  the  results  of  which  will 
be  published  in  the  Twenty-second  Annual  Report,  Part  FV. 

Referring  to  the  tables,  the  numbers  in  parentheses  in  the  box  heads 
are  the  pages  in  the  Water-Supply  Papers  of  the  series  for  1900  (Nos. 
47  to  51,  inclusive)  on  which  the  various  gaging  stations  are  described. 
At  the  end  of  the  descriptions  are  given  the  results  of  discharge  meas- 
urements made  during  1900  and  the  daily  gage  heights.  From  these 
and  earlier  data  the  relation  of  gage  height  to  discharge  has  been 
deduced.  Take,  for  example,  the  first  table — Delaware  River  at  Lam- 
bertville,  New  Jersey.  On  page  80  of  Water-Supply  Paper  No.  47 
is  given  the  daily  gage  height,  in  feet,  at  that  station  during  the  year 
1900.  On  March  1  the  gage  height  was  5.40  feet.  The  flow  equiva- 
lent to  that  gage  height  is  shown  in  the  following  table  to  be  20,3K» 
second-feet.  With  the  gage  heights  and  the  rating  tables  at  hand, 
the  daily  and  monthly  flow  of  any  stream  can  easily  be  determined. 
The  latter  (the  monthly  discharge)  has  been  worked  up  f  Or  most  of  the 
stations  maintained  by  the  Survey,  and  will,  as  already  stated,  be 
published  in  the  Twenty-second  Annual  Report,  Part  IV. 
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Rating  tablea  for  stations  in  New  Jersey ^  Pennsylvania^  Maryland,  and  West 

Virginia, 

[Nnmbers  in  box  heads  refer  to  pagee  in  Water-Snpply  Papers  Noe.  47  and  48.] 
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Rating  tables  for  stations  in  Maryland,  Virginia,  North  Carolina^  and  South 

Carolina. 

[Numbers  in  box  heads  refer  to  pages  in  Water-Supply  Pai)er  No.  48.] 
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a  Continued:  Oage  height  —0.2,  discharge  184;  gage  height  0.0,  discharge  230l 
bContinued:  Gage  height  -^.2,  discharge  118;  gage  height  0.0,  discharge  120. 
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Rating  tablet  for  stalUras  in  Georgia.  Alabama,  Marjfland,  and  Virginia. 
[NiunbeTslnboi  haadareter  to  paces  In  Wkter'BnppI;  Paper  Ifo.lS.] 
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Rating  tables  for  stations  in  Montana  and  Wyoming, 
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4.4 
4.6 
4.8 


6. 
5. 
6. 
5. 
5. 


6.0 
6.2 
6.4 
6.6 
6.8 
7.0 


Dischargre,  in  second-feet. 


©a 
as 


^ 


390 
440 
560 
700 
850 
1,000 
1,200 
1,405 
1.630 
1,870 
2,125 
^,395 
2,685 
2,990 
3,300 
3.610 
3,925 
4,245 
4.570 
4,900 
5,240 
5,680 


48 
88 
153 
232 
321 
417 


§ 


240 

345 

460 

605 

765 

940 

1.180 

1,345 

1,575 

1,800 

2,075 

2,860 

2,665 

2,995 

3,335 

3,685 

4.055 

4,426 

4,805 


►  o 
a" 


800 
1,230 
1,640 
2,075 
2,530 
3,005 
3,515 
4,040 
4,570 
5,110 
5,665 
6,220 
6,810 


4A91 

®  g 


P  fl         ..^ 


•-3 


gg 


305 
435 
600 
775 
980 
1,205 
1,455 
1,725 
2,020 
2,825 
2,645 
2.980 
3,330 
3,690 
4,050 
4,410 
4.780 
5,150 
5,520 
5,890 
6.270 
6,655 
7,045 
7,445 
7,845 
8,255 
8,666 
9,075 
9,485 
9,905 


a  1,620 

1,825 

2,090 

2,415 

2,810 

3,256 

3,825 

4,450 

5,140 

5,880 

6,660 

7,440 

8,265 

9,140 

10,010 

10,965 

11,826 

12,730 

13,690 

14,600 

15,525 

16,460 

17,340 


9 

> 


-^8 


cS! 


S 


12 

30 

50 

76 

100 

149 

189 

248 

315 

396 

485 

587 

700 

820 

940 

1,070 

1,205 

1,350 

1.500 

1,650 


S 


®» 
OS 

fc  • 

ffii 
2  - 

P 

ofl 


52,150 

2,375 

2,605 

2,855 

3,130 

3,420 

8,730 

4,075 

4,440 

4,830 

5,276 

6,740 

6.220 

6,730 

7,270 

7,840 

8,470 

9,140 

9,860 

10.660 

11,540 

12,485 

13,475 

14,530 

15,645 

16,875 


9  ^ 

O  Oc 

n 


c210 

400 

620 

940 

1,340 

1,770 

2,210 

2,650 

3.000 

3,630 

3,970 

4,410 

4,850 

6,290 

5,730 

6,170 

6,610 

7,060 

7,490 

7,930 

8,370 

8,810 

9,260 

9,600 

10,180 

10.670 

11,010 

11.450 


43   (B 

SIS 


P4     >» 


> 


s 


-^ 


c8 


10 

80 

195 

395 

S)0 

885 

1,100 

1,470 

1,820 

2,186 

2,585 

3,005 

3,425 

3,845 

4.266 

4,685 


45 

60 

85 

126 

200 

290 

410 

660 

720 

960 

1,240 

1,530 

1.820 

2.110 

2,400 

2,6M) 

2.980 

3,270 

3,560 

3,860 

4,140 

4,430 


f4 

o    . 

>  o 

.a  K. 

1^ 


dl.oan 
1,341) 
i.ea) 

i.aao 

2,230 
2.520 
2,820 
3,120 
3.43D 
3,770 
4.150 
4.570 

&,oao 

5.4^ 

5.965 
6,43) 

6.910 
7.3W 
7,870 
8,330 
8,83) 
9.310 
9,7W 


a  Eififhtj-eiflrht  feet  should  be  added  to  the  gage  heights  for  this  station,  making:  the  first  gage 
height  read  88.0  instead  of  0.0;  the  second  88.2  instead  of  0.2,  and  so  on. 

b Continued:  Gage  height  — 1.4, discharge  1,000;  gage  height  — 1.20,  discharge  1,120;  gase  height 
—  1.0,  discharge  1,265;  gage  height  —0.8,  diBcharge  1,420;  gage  height —0.6,  discharge  1.585;  gage 
heittht  —0.4.  discharge  1,760;  gace  height  —0.2,  discharge  1,960. 

c Continued:  Gage  neight— 0.2,  discharge  60. 

d Continued:  Gage  height  —1.0,  discharge  250;  gage  height  —0.8,  discharge  370:  gage  height 
— a6,  discharge  490;  gage  height  —0.4,  discharge  610;  gage  height  —0.2,  discharge  78a 


RATtNQ    TABLES. 
Rating  tables/or  gtationt  in  Colorado  and  Kansas. 
[Numbers  Id  box  headii  refer  to  pages  In  Water-Sapplf  Papers  Noe.  49 


Discharge,  In  second-feet. 

1 

1 

1 

f   4 

il  ■  1  H 

1° 

p 
1* 

k 

i 

1 
II 

3l 

i 

306 

378 

S 

871 

3 

£2 

116 

lei 

1 

J 

1 

282 

W3 

829 

SI 

w 

IS 

IS 

i 

6,188 

1 
i 

IS 

a* 

sS 

S:ffl 
1!:S 

1 

i 
1 

lua 

IS 

lee 

1B7 
S7I 

387 

683 

i 

s 

94S 

i« 

1:402 

22s 

30O 
400 
600 

i 

.066 
,2TS 

s 

,966 

i 
11 

3.8  .      .S«S 

"1 

a«6 

1 

1 
1 

i 

96 

1 

206 

1 

306 

1 

5 

.406 
.830 
.886 

11 

Is 
M 

0PEBATI0N8  AT  RIVBB  STATIONS,  1900, — PART  VI. 

Rating  tabUs  for  statioitt  in  Kan»aa  and  Colorado, 
[NambBrB  In  box  heailB  refer  to  pages  Id  Water-Snpply  Piiper  No.SO,] 


Discharge, In  second-feet. 

1 
1 

1 
11 

2s: 

i 
ji 

111 

1 

ii 

4 

i 

1 

1 
1 

1 

Ii 

nn 

1 

2 

t 

8 

i 

1 

i:i 

1,578 
£|4» 

i:S 

IS 
i:S 

1 
1 

720 

ii 

i 

8.890 
10,400 
12.100 

n 

ex 

i 

2B4 

S 

aao 

1 
g 

e«o 

i 
11 

iIgso 
3!o<in 

2,410 

1 

it:i!S 

iil 
Ii 

343 

2BI 

1 

"l!8" 
i 

no 

i 

3,  SIS 

IS 

4,420 
4,980 
4900 

IS 

s 

i 

3Si 

i 

974 
1,387 

Is 

1 

1 

1 

ii 

ii 

.W3 

OSS 

i 

8 
I 

I 
I 

ill 

"i 

3.TW 
.3U 

4,«oe 

1 

^,4116 
24,310 

i 

ST.TSO 
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Bating  tabUa  for  stations  in  Colorado,  Wyoming,  and  Utah, 
[Numbers  in  box  heads  refer  to  "peugea  in  Water-Snpply  Paper  No.  50.] 


Discharge,  in  second-feet. 

* 

•** 

1 

d 

•a 

A 
1 

0 

©"S 

H 

S 

5- 
U 

2 

1. 
|i 

o 

s 

11 

..  ®  0 

n 

1 
>  , 

p 

< 

H 

P 

II 

OB  OD 

MM 

43 

If 

Is 

H 

si 

SI 

flCD 

5 

P 

II 

-0.2 

27 

55 

100 

190 

310 

430 

550 

670 

810 

970 

1,130 

1,290 

1,450 

1,610 

1,770 

1,930 

2,090 

(a) 

ib) 

28 

40 

56 

92 

134 

179 

221 

263 

300 

375 

463 

551 

639 

727 

815 

903 

991 

1,079 

1,167 

1,255 

1,343 

1,431 

.0 

.2 

.    A 

32 
43 

72 
112 
152 
200 
260 
322 
387 
452 
517 
582 
647 
712 
777. 
842 
907 
972 

•    .6 

.8 

2St 

43 

79 

142 

236 

414 

594 

774 

954 

1,134 

1,314 

1,494 

1,674 

1.854 

115 
155 
260 
370 
515 
605 
875 
1,055 
1,235 

36 

61 

97 

135 

195 

286 

877 

468 

5S0 

650 

741 

832 

923 

1,014 

1,105 

1,196 

1.0 

1.2 

140 

258 

384 

518 

660 

81S 

978 

1,149 

1,329 

1,522 

1.734 

"""'25i' 
381 
419 
582 
638 

1.4 

1.6 

1.8 

2.0 

85" 

128 
175 
265 
375 
485 
680 
940 
1,270 
1,660 

8 

25 
66 
90 
140 
230 
360 
475 
680 
940 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4      1,968 

3.6  '    2,216 

2;084 

:    2,214 

2,394 

2.574 

3.8       2.478 

4.0 

2,754 
3,054 
3,354 
3,654 
3,964 
4..  254 

4.2 

4.4 

2,764 
2,934 
3,114 
3,294 

2,060 
2.440 

4.6 

4.8 

2,830 

5.0 

255 

5.2       4,554 

800 

5.4       4..8fU 

370 

5.6 

5,154 
5.454 
6,754 

480 

5.8 

600 

6.0 

740 

6.2 

900 

6.4 

1.070 

6.6 

1,280 
1,520 
1,770 
2,050 

6.8 

7.0 
7.2  . 

7.4 

2,370 
2,730 

7.6 

7.8 

• 

8.090 

8.0 

3,450 

8.2 

3,810 

8.4 

4,170 

8.6  ' 
8.8  ' 

4,530 

4,890 

9.0 

5,250 

9.2 

5,610 

9.4 

5,970 

9.6 

6,330 

9.8 

6,690 

a  Applicable  from  September  1, 1899,  to  May  31, 1900. 
6  Applicable  from  June  1, 1900,  to  December  31, 1900. 
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Rating  tables  for  stations  in  Colorado,  Arizona,  Nevada,  and  California. 
[Numbers  in  box  heads  refer  to  page?  in  Water-SuppIy  Papers  Nos.  50  and  5L] 


o 


0.0 
.2 
.4 
.6 
.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.-» 
V.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 


Discharge,  in  second-feet. 


2« 


G 


1g 


o 

fcS5 

•^"^ 

«6 

So 

a 
a 
p 
O 


I' 


o 
Q 


-8 


9  O 

a3 


ee 

0 

So' 


J 


sg 


ii 


■2  . 


o 


CD  *-^ 
JM>0 

3D 


»4 

Ii 

CO 


1^ 


;4 


650 

755 

870 

1,005 

1,160 

1.360 

1,570 

1,810 

2,090 

2.430 

2,815 

3,245 

3,770 

4,420 

5,080 

5,740 

6,420 

7,100 

7,800 

8.520 

9,250 

10,000 

10,765 

11,540 

12,345 

13,155 

13,970 

14,800 

15,660 

16,520 

17,380 

18,300 

19,240 

20,180 

21,150 

22,140 

23,150 


250 
450 
652 
854 
1,066 
1,258 
1,460 
1,664 
1,871 
2,080 
2,295 
2,513 
2,735 
2,962 
3,191 
3,423 
3,&58 
3,899 
4,142 
4.388 


10 

30 

51 

TS 

96 

122 

150 

18!} 

219 

257 

298 

344 


20 

37 

82 

164 

280 

412 

555 

700 

a47 

1,001 

1,160 

1,327 

1,506 

1,686 


25 

47 

78 

141 

244 

347 

450 

553 

656 

759 

862 

965 

1,068 

1,171 

1,274 

1,377 

1,480 


1. 
1. 
1, 
1. 

i: 

2, 
2, 
2, 
2, 
3, 
3, 

i: 


122 
168 
236 
310 
394 
490 
601 
736 
888 
044 
204 
370 
.545 
733 
933 
138 
350 
579 
817 
066 
329 
606 
910 


14 
30 
47 

M 

123 

170 

230 

320 

480 

580 

770 

1,100 

1,590 

2.120 

2,760 

3,400 

4,080 

4,760 

5,440 

6,120 

6,800 

7,520 

8,240 


4 

2S 

43 
70 
104 
144 
190 
240 
292 
346 
402 
461 
525 
594 
667 
743 
822 
903 
987 

i,o?a 

1.166 
1,257 
1.352 
1,449 
1,550 
1,655 
1,763 
1,873 
1,986 
2,101 
2.218 

2;3;i9 


7 

24 

47 

74 

105 

141 

1B2 

227 

276 

827 

382 

439 

499 

566 

619 

679 

740 

801 

862 

922 

983 

1,045 

1,106 

1,168 

1,230 

1,292 

1,354 

1,416 

1,478 


3 

9 

16 

24 

36 

47 

62 

78 

96 

114 

134 

156 

180 

206 

235 

266 

286 

332 

367 

404 

443 

485 

530 

578 

629 

684 

742 

808 

868 

987 

1.011 

1,093 

1,183 

1,281 

1,387 

1,501 

1,623 

1,753 

1,888 

2,026 

2.164 

2,3UGi 


26 

37 

52 

09 

88 

113 

144 

182 

2S8 

284 

351 

430 


72 
99 

m 
in 

-.£4 

2» 
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Rating  tables  for  stations  in  California,  Nevada,  Idaho,  and  Utah, 
[Numbers  in  box  heads  refer  to  pagres  in  Water-Supply  Paper  No.  51.] 


a 

i 

s 
o 

0.0 

o 

.4 

.6 
.8 
1.0 
1.2 
1.4 
1.6 

Discharge,  in  second- feet. 

Off 

i 

> 

^*»  ■ 

QQ 

i. 

1 - 

1 " 

c 

5 

a 

1 

i 

og 

• 

0 

6 

h 

r 

1 

a 

4 

' 

1 

4 

8 
14 
30 
29 
40 
50 
62 
75 
...- .... 

5 

(                •      •  • 

470 
580 
690 
815 
(»50 
1,105 
1,275 
1,450 
1,650 
1,850 
2,055 
2,280 
2,530 
2,760 
3,000 
3,230 
3,510 
3,770 
4,050 
4,350 
4,650 

' 

17 

1 

38 

_ 

1 

1 

49 

.. 

"■*470 

580 

.     705 

835 

995 

1,165 

1.360 

1,560 

1,760 

1,960 

2,170 

2,;380 

3,590 

34 
42 

51 
60 

68 
77 



135 
255 

375 
495 
615 
7*35 

855 
975 

"ins 

16 
48 
105 
188 
283 
380 
479 
580 
683 
789 

* 

1.8          :SU 

15 
87 
65 
95 

2.0          828 

3.2  1        401 

2.4  i        486 
2.6  '        582 

110 
170 
246 
325 
412 
502 
600 

857 
1,015 
1,185 

"'U2- 
117 
147 
225 

.. . 

...... 

2.8  1        683 

3.0          788 

3.2          897 

...  •  • • , 

3.4      1-010 

3.6 

1 .  131 

898    

. 

3.8      ii264 

1,009 
1,123 

4.0      1,409 

14<i 

175 

225 

285 

355 

430 

530 

645 

788 

962 

1,136 

1,310 

1,484 

1,658 

4.2       1-Mfi 

1.239 

>-•«  .a-. 

4.4 

i.Ta^i 

i;357 
1,477 

....  . 

4.6  1     i-88n 

•■••  "•"• 

4.8 
5.0 
5.2 
3.4 
5.6 
5.8 
6  0 

.......  1     

1 

.......-■ - 

ft  2 

^    ^ 

»....•  .. 

6.4 

...... ..'........ 

6.6 
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OPERATIONS    AT   RIVEB   STATIONS,   1900. PART   VI.       {no. 

ling  lablex  for  tlations  in  Idaho,  Montana,  Waakivgton,  and  Oregon. 
[Numbers  In  1kix  headB  refer  tu  pasea  tn  Water-Supply  Paper  Ko.  tl.] 


RATING   TABLES. 
Rating  tablet  for  ttationa  in  Washirigton  and  California. 

I  heiula  reler  to  pas«  In  Waler-Snpply  Pkper  No.  91.) 


DlBcharge,  In  Be 

»nd-fM 

t. 

1 

i 

s 

i 

f 

=1 

I 

i 

1, 

i 

3 

si 

1 
3 

1 
si 

r 

si 

BO 

It 

%i 
% 
II 
? 

il 

Is 

1! 

< 

1 
1 

80 

ao 

as 

ID 

i 

00 

I 

00 

I 

I 

1 1 

870 
810 

am 

i 
1 

liaai 

i:| 
1 

2^300 
S,(«J 

i 

(6|              |c) 

SID 

Z 

i 

ii 

li 

8,  MO 

If 
11 

len 

i 

1 
'  i 

,370 

116 

1 

277 

1 
il 

eloeo 

t'KO 

sieoo 

li 

1 
1 

i 

!S 
II 

» 

TO 
IBO 

i 
1 

a) 

fiO 

i 

so 

50 
U..2S 

iiS 

s 
i 

700 
906 

S 

,810 

:i 

.L90 

i 

8,800 

LS 

i^ 

i 
1 
■I 

1  ,0GB 

aContiiined:  Q>ce  lieUbl  -0.4.  dlscluuve  TO;  gsse  he[«lit  -0.8,  dbcharES  80;  g«ge  height  -0,1, 
diBchuve  100;  gue  helsbC  O.O,  dlacluunre  IlO;  gage  height  D.S.  dlachBrae  Ut;  gage  halght  O.i,  dt>- 
chKrga  180:  gsge  halght  0.8,  dlKhkrge  SG;  gage  helshC  0.8.  dlacbarga  m 

AAgpUatblelrom  Jumftrr  1,  IBOO,  to  Jima  SO,  1900;  sIbd  from  Norember  SB,  1900,  to  Decemher 


524          OPERATIONS   AT   RIVER   STATIONS,  1900. — ^PART   VI.  [no.  58. 

DRAINAGE  AREAS. 

The  following  table  gives  the  areas  of  the  drainage  basins  of  rivers 
mentioned  in  this  and  other  reports  of  the  Division  of  Hydrography. 
A  similar  table  was  printed  in  Water-Supply  Paper  No.  11,  pages  95 
to  100.  Most  of  the  areas  have  been  obtained  by  planimeter  measure- 
ment of  the  best  maps  available,  the  topographic  atlas  sheets  of  the 
United  States  Geological  Survey  being  used  for  such  drainage  basins 
as  have  been  mapped. 

Drainage  areas  of  streams  in  the  United  States, 

Square  miles. 

Alabama  River  at  Montgomery,  Alabama 13,500 

Alabama  River  at  Selma,  Alabama 15,400 

Allegheny  River  at  Warren,  Pennsylvania 3, 057 

Allegheny  River  at  Oil  City,  Pennsylvania 4,526 

Allegheny  River  at  Parkers  Landing,  Pennsylvania 6, 019 

Allegheny  River  at  Mahoning,  Pennsylvania.. 6,964 

Allegheny  River  at  Freeport,  Pennsylvania 9,219 

Allegheny  River  at  Pittsburg,  Pennsylvania 16, 992 

Allegheny  River  at  month,  Pennsylvania 11,400 

Aliens  Creek  (tributary  of  Genesee  River)  at  mouth,  19 ew  York 198 

American  Fork  near  American  Fork,  Utah 66 

Androscoggin  River  below  junction  of  Umbagog  Outlet  and  Magalloway 

River,Maine 1,180 

Androscoggin  River  at  Berlin  Falls,  Maine 1, 480 

Androscoggin  River  at  Rumford  Falls,  Maine 2,320 

Androscoggin  River  at  Livermore  Falls,  Maine 2,690 

Androscoggin  River  at  Lewiston,  Maine _ 3, 120 

Androscoggin  River  at  Brunswick,  Maine 3,700 

Angelica  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York 82 

Animas  River  at  Durango,  Colorado 812 

Antietam  Creek  at  Sharpsburg,  Maryland 293 

Arkansas  River,  East  Fork,  near  Leadville,  Colorado 44 

Arkansas  River,  Lake  Fork,  near  Leadville,  Colorado _ 21 

Arkansas  River,  Tennessee  Fork,  near  Leadville,  Colorado 44 

Arkansas  River  at  Granite,  Colorado 425 

Arkansas  River  at  Salida,  Colorado,  above  South  Fork 1,160 

Arkansas  River  at  Canyon,  Colorado 3,060 

Arkansas  River  at  Swallows,  Colorado 4,300 

Arkansas  River  at  Rock  Canyon,  Colorado 4.560 

Arkansas  River  at  Pueblo,  Colorado 4,600 

Arkansas  River  at  Nepesta,  Colorado x. 9,130 

Arkansas  River  at  Rocky  ford,  Colorado 11,440 

Arkansas  River  at  La  Junta,  Colorado,  including  Fountain  Creek  drainage 

(1,011) 12,200 

Arkansas  River  at  Lamar,  Colorado 19, 367 

Arkansas  River  at  Granada,  Colorado 23,478 

Arkansas  River  at  railroad  bridge  above  Holly,  Colorado,  including  Ani- 
mas River  drainage  (3,:J37) 23,500 

Arkansas  River  at  Colorado- Kansas  State  line 24,600 

Arkansas  River  at  Hutchinson,  Kansas 34,000 

Arkansas  River  in  Colorado 30,720 

Arkansas  River  in  Kansas 7, 040 

87,760 
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Ashley  Creek  (tributary  of  Green  River)  at  the  canyon,  Utah 250 

Avery  Creek  (tributary  of  French  Broad  River)  at  bridge  on  road  from 

Mills  River  to  Asheville,  North  Carolina 8 

Bald  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina. . .  15 

Bald  Mountain  Creek  1  mile  above  mouth.  North  Carolina 16 

Basin  Creek  (tributary  of  Caliente  Creek) ,  California 96 

Battenkill  River  at  mouth,  New  York 438 

Battle  Creek  at  Battlecreek ,  Michigan 180 

Battle  Creek  at  mouth,  Michigan 244 

Bear  Creek  at  Morrison,  Colorado 170 

Bear  Creek  (tributary  of  Nolichucky  River)  at  Flat  Rock, North  Carolina.  10 

Bear  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 17 

Bear  River  at  Soda  Springs,  Idaho 3, 940 

Bear  River  at  Battlecreek,  Idaho 4,500 

Bear  River  at  Collinston,  Utah 6,000 

Beards  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York 41 

Beaver  Creek  (tributary  of  New  River)  at  mouth,  North  Carolina 16 

Beaver  Creek  (tributary  of  Nolichucky  River)  at  mouth,  near  Sprucepine, 

North  Carolina 6 

Beaver  Dam  Creek  (tributary  of  French  Broad  River)  50  yards  above 

mouth,  North  Carolina 14 

Beaver  Dam  Creek  (tributary  of  Watauga  River)  at  Leander,  North  Caro- 
lina  * 21 

Beaver  Dam  Creek  (tributary  of  Holston  River)  at  Damascus,  Virginia. . .  57 

Beaverkill  Creek  (tributary  of  Delaware  River)  at  mouth,  New  York 322 

Beaver  River  above  Beaver,  New  York , 153 

Beaver  River  below  Beaver,  New  York 169 

Beaver  River  at  mouth.  New  York 822 

Beech  Creek  (tributary  of  Watauga  River)  above  mouth  of  Fogey  Creek, 

North  Carolina 16 

Big  Bugaboo  Creek  (tributary  of  Yadkin  River)  at  ford  on  road  from  Roar- 
ing River  to  Elkin,  North  Carolina. 17 

Big  Elkin  Creek  (tributary  of  Yadkin  River)  at  railroad  trestle  at  Elkin, 

North  Carolina 35 

Big  Goose  Creek  at  Sheridan,  Wyoming,  below  mouth  of  Little  Goose 

Creek 820 

Bighorn  River  at  Thermopolis,  Wyoming 8,184 

Big  Ivy  Creek  (tributary  of  French  Broad  River)  one-eighth  mile  below 

mouth  of  Bull  Creek,  North  Carolina   158 

Big  Laurel  Creek  (tributary  of  New  River)  at  mouth.  North  Carolina...  29 
Big  Pine  Creek  (tributary  of  French  Broad  River)  above  mouth,  North 

Carolina 16 

Big  Bock  Creek  (tributary  of  Nolichucky  River)  at  ford  on  Huntdale- 

Bakersville  road,  North  Carolina 60 

Big  Sandy  Creek  at  Dadeville,  Alabama 195 

Big  Thompson  Creek  at  Arkins,  Colorado 305 

Bitterroot  River  at  Missoula,  Montana 8, 260 

Black  Creek,  Upper  (tributary  of  Genesee  River),  at  mouth.  New  York. .  39 

Black  Chreek,  Lower  (tributary  of  (j^nesee  River) ,  at  mouth,  New  York. .  212 

Black  River  at  Forestport,  New  York 268 

Black  River  at  Lyons  Falls,  below  Moore  River,  New  York 810 

Black  River  at  Carthage,  New  York 1,741 

Black  River  at  Watertown,  New  York,  gaging  station 1, 889 

Black  River  at  mouth.  New  York 1,930 
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Blackf oot  River  foot  marshes  in  sec.  12,  T.  5  S. ,  R.  40  £. ,  Idaho 666 

Blackfoot  River  at  Bonner,  Montana 2,465 

Black  Fork  of  Green  River  3  miles  west  of  Granger,  Wyoming 1»  747 

Black  Fork  of  Green  River  at  Granger,  Wyoming,  including  Hams  Fork.  2, 400 

Blacksmith  Fork  at  Hyrum,  Utah 286 

Black  Warrior  River  at  Tuscaloosa,  Alabama 4,900 

Bine  River  at  Manhattan,  Kansas 9,490 

Bine  River  in  Kansas 2,450 

Bine  River  in  Nebraska. .  7,040 

9, 490 

Boardman  River  at  Traverse,  Michigan 295 

Boise  River  at  Boise,  Idaho 2,450 

Boise  River  at  Caldwell,  Idaho 3,360 

Boone  Fork  of  Watan;^a  River  at  Shnll's  mill.  North  Carolina 9 

Bonlder  Creek  at  Bonlder,  Colorado 179 

Bowlen  Creek  (tributary  of  Nolichncky  River)  neac  BnrnsvUle,  North 

Carolina 6 

Boylston  Creek  (tributary  of  French  Broad  River)  at  bridge  near  mouth. 

North  Carolina 17 

Broad  River,  South  Fork,  at  mouth,  Georgia 215 

Broad  River,  North  Fork,  at  Carlton,  Georgia 762 

Broad  River  at  bridge  above  mouth  of  Buffalo  Creek,  North  Carolina 72 

Broad  River  afGaffney,  South  Carolina 1,435 

Broad  River  at  Alston,  South  Carolina 4,609 

Brown  Creek  (tributary  of  Nolichucky  River)  at  ford  on  Marion-Mica- 

villeroad,  North  Carolina ., 2 

Bruneau  River  at  Grandvlew,  Idaho 1,800 

Brush  Creek  ( tributary  of  Watauga  River)  near  Carter,  Tennessee 15 

Buck  Creek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina..  33 

Buffalo  Creek  (tributary  of  Broad  River)  at  main  ford.  North  Carolina. .  11 
Buffalo  Creek  (tributary  of  New  River)  one-eighth  mile  above  mouth. 

North  Carolina ^ 24 

Buffalo  Creek  (tributary  of  Watauga  River)  at  mouth,  Tennessee 39 

Butternut  Creek  (tribatary  of  Susquehanna  River)  at  mouth,  New  York.  123 

Byars  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 8 

Cache  la  Poudre  River  at  Fort  Collins,  Colorado 1,060 

Caliente  Creek,  California: 

Tehachapl  Creek 108 

Caliente  Creek  proper 219 

Basin  Creek.. 96 


433 

Calowa  River  at  Forks,  Washington 213 

Canadaway  Creek,  West  Branch,  above  Fredonia,  New  York 4 

Canadian  River  in  Elansas 5,110 

Canadian  River  in  New  Mexico 16,900 

Canadian  River  in  Texas 18, 620 


40,630 

Canandaigua  Outlet  at  inlet,  head  of  Canandaigua  Lake,  New  York 85 

Canandaigua  Outlet  at  foot  of  Canandaigua  Lake,  New  York 175 

Canandaigua  Outlet  at  Phelps,  New  York 390 

Canandaigua  Outlet  at  j  unction  with  Mud  Creek,  New  York 431 

Canaseraga  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York 259 

Cancomgomoc  River  at  entrance  into  Chesuncook  Lake,  Maine 230 

Caneadea  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 63 
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Cane  Creek  (tributary  of  Nolichncky  River)  one-half  mile  above  month, 

North  Carolina.., 30 

Cane  Creek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina  . .  16 
Caney  Oeek  (tributary  of  French  Broad  River)  at  bridge  near  Westf all's 

place,  North  Carolina 88 

Caney  River  (tributary  of  Nolichncky  River)  near  Big  Tom  Wilson's, 

North  Carolina 21 

Caney  River  (tributary  of  Nolichncky  River)  1^  miles  above  mouth.  North 

Carolina > J 148 

Caney  River  (tributary  of  Nolichncky  River)  at  mouth  near  Huntdale, 

North  Carolina 158 

Canisteo  River  (tributary  of  Chemung  River)  at  mouth.  New  York 780 

Cape  Fear  River  at  Fayetteville,  North  Carolina 4,403 

Carson  River  near  Empire,  Nevada 894 

(Larson  River,  East  Fork,  at  Rodenbahs,  Nevada 414 

Carson  River,  West  Fork,  at  Woodf ords,  California 70 

Catawba  River,  North  Fork,  near  mouth,  North  Carolina 84 

Catawba  River  near  Oldfort,  North  Carolina 13 

Catawba  River  at  Morgan  ton,  North  Carolina 758 

Catawba  River  at  Lookout  Shoals,  North  Carolina 1 ,  424 

Catawba  River  at  Catawba,  North  Carolina 1,514 

Catawba  River  at  Fort  Mill,  South  Carolina 2,987 

Catherines  Creek  (tributary  of  Seneca  River)  at  mouth.  New  York 94 

Cathey  Creek  (tributary  of  French  Broad  River)  at  ford  of  Brevard- 

Jeptha  road,  North  Carolina 11 

Cattail  Branch  (tributary  of  Nolichncky  River)  near  BumsvUle,  North 

Carolina 7 

Cay adutta  Creek  below  Johnstown,  New  York,  gaging  station 40 

Cay adutta  Creek  at  mouth.  New  York 62 

Cayuga  Inlet  (tributary  of  Cayuga  Lake,  New  York) ,  including  CascadiUa 

Creek 173 

Cayuga  Lake*at  outlet,  New  York 1,593 

Caynta  Creek  (tributary  of  Susquehanna  River)  at  mouth,  New  York...  148 

Cazenovia  Lake  at  outlet.  New  York 9 

Cedar  Creek  f  tributary  of  Holston  River)  at  mouth,  Virginia 6 

Chama  River  at  Abiquiu,  New  Mexico 2,300 

Champlain  Lake  in  New  York 2,950 

Champlain  Lake  in  Vermont 4,270 

Champlain  Lake  in  Quebec 740 

Champlain  Lake,  area  of  water  surface 400 

8, 360 

Chattahoochee  River  at  Oakdale,  Georgia 1,560 

Chattahoochee  River  at  West  Point,  Georgia : 3, 300 

Charlotte  River  (tributary  of  Susquehanna  River)  at  mouth,  New  York_  _  178 

Chautauqua  Outlet  at  Chautauqua  Lake,  New  York 178 

Chautauqua  Outlet  below  Cassadaga  Creek,  New  York 343 

Cheat  River  at  Uneva,  West  Virginia 1,375 

Cheat  River  at  Rowlesburg,  West  Virginia 886 

Chemung  River  at  junction  of  Canisteo  and  Cohocton  rivers.  New  York. .  1, 941 

Chemung  River  at  Elmira,New  York 2,055 

Chemung  River  at  mouth,  New  York 2, 518 

Chenango  River  (tributary  of  Susquehanna  River)  above  Canasawacta 

Creek,  New  York 297 
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Chenango  River  (tribntary  of  Snsqnehanna  River)  above  Tioughnioga,  New 

York 685 

Chenango  River  (tributary  of  Snsqnehanna  River)  at  month,  New  York.      1.540 
Chenevas  Creek  (tribntary  of  Snsqnehanna  River)  at  month,  New  York.         127 

Chennnda  Creek  (tribntary  of  Genesee  River)  at  month,  New  York 30 

Cherry  Valley  Creek  (tribntary  of  Snsqnehanna  River)  at  month,  New 

York 121 

Cheyenne  River  in  Montana 8,750 

Cheyenne  River  in  Nebraska 17,910 

Cheyenne  River  in  North  Dakota  _ 39,770 

Cheyenne  River  in  Sonth  Dakota 40,840 

Cheyenne  River  in  Wyoming 12,030 

114,300 

Chittenango  Creek  at  Bridgeport.  New  York,  gaging  station,  inclnding 

Cazenovia  Lake _ SOT 

Chittenango  Creek  at  month,  New  York 3(^9 

Chowchilla  Creek  above  sec.  1,T.  9  S.,R.  18  K,  California 268 

Cimarron  River  at  Arkalon,  Kansas.. 5.20(^ 

Clam  Lakes  at  ontlet,  Michigan  (water  snrface  6.7  sqnare  miles) 67 

Clam  River  at  month,  Michigan 307 

Clarion  River  (tribntary  of  Allegheny  River)  at  Clarion,  Pennsylvania..         865 

Clear  Creek  4  miles  west  of  Bnffalo.  Wyoming IIS 

Clear  Creek  at  Forkscreek,  Colorado,  gaging  station 345 

Clear  Creek  near  Granite,  Colorado 72 

Clear  Creek  (tribntary  of  Catawba  River)  near  month,  North  Carolina...  3 

Clyde  River  at  Lyons,  New  York,  jnnction  of  Canandaigna  Ontlet  and 

MndCreek 729 

Clyde  River  at  Clyde,  New  York 807 

Clyde  River  at  month.  New  York 869 

Cobbosseecontee  River  near  Angnsta,  Maine 230 

Gohocton  River  (tribntary  of  Chemnng  River)  at  month,  New  York 425 

Cohocton  River  (tribntary  of  Snsqnehanna  River)  at  month,  New  York..         42d 
Colbert  Creek  (tribntary  of  Nolichncky  River)  at  ford  on  Micaville- 

Marion  road.  North  Carolina 2 

Cold  Creek  (tribntary  of  Genesee  River)  at  month,  New  York 41 

Colorado  River  at  Ans tin,  Texas 37,000 

Colorado  River  in  Arizona^ 56,183 

Colorado  River  in  California ' 8,610 

Colorado  River  in  Colorado^ 5,490 

Colorado  River  in  Nevada  * 3,200 

Colorado  River  in  New  Mexico » 19,000 

Colorado  River  in  Utah  ^ 21,633 

114,11.") 

Colorado  River  at  Ynma,  Arizona 235.049 

Colnmbia  River  in  Idaho 7,880 

Columbia  River  in  Oregon 24,093 

Colnmbia  River  in  Montana 25,000 

Colnmbia  River  in  Washington .' 26,160 

81,133 

Conasanga  River  at  month.  New  York 72-< 

Conejos  River  at  LosMogotes,  Colorado 2S- 

Conejos  River  at  Conejos,  Colorado 333 


*  Not  incladlng  Qrand,  Green,  nor  Gila  basins. 
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Conesns  Lake  (tribatary  of  Gtoneeee  River)  at  mouth,  New  York 89 

Cbnnecticiit  River  at  Holyoke,  Massachusetts 8,660 

Oonziecticiit  River  at  Hartford,  Connecticut 10,234 

Conemangh  River  (tribatary  of  Allegheny  River)  at  Saltsbnrg,  Pennsyl- 
vania   1,403 

Conemangh  River  (tribatary  of  Allegheny  River)  at  Johnstown,  Pennsyl- 
vania   711 

Coosa  River  at  Rome,  Georgia 4,006 

Coosa  River  at  Lock  No.  4,  Alabama 7,053 

Coosa  River  at  Riverside,  Alabama 7,065 

Coosa  River  at  Lock  No.  5,  Alabama 7,648 

Coosawattee  River  at  Carters,  G^rgia 581 

Coosawattee  River  at  month,  Georgia 885 

Coqnago  Creek  (tribatary  of  Delaware  River)  at  moath.  New  York 82 

Coshaqaa  Creek  (tribatary  of  Genesee  River)  at  month,  New  York 82 

Cottonwood  Creek,  Soath  Fork,  near  Baena  Vista,  Colorado 28 

Cottonwood  Creek,  Middle  Fork,  near  Buena  Vista,  Colorado 37 

Cove  Creek  (tribatary  of  Green  River)  near  month,  North  Carolina 7 

Cove  Oeek  (tribatary  of  Wataaga  River)  at  moath.  North  Carolina 39 

Cove  Creek  ^tributary  of  Broad  River)  at  bridge  on  Rutherfordton  road, 

North  Carolina 78 

Crabtree  Creek  (tribatary  of  Nolichacky  River)  at  ford  on  Bamsville- 

Spmcepine  road.  North  Carolina..  20 

Crawford  Creek  (tribatary  of  Genesee  River)  at  moath.  New  York 12 

Crib  Creek  (tribatary  of  Catawba  River)  near  month.  North  Carolina .  _ .  10 

Croton  River  at  old  Croton  Dam,  New  York 338 

Croton  River  at  new  Croton  Dam,  New  York '. 860 

Cryder  Creek  (tribatary  of  Genesee  River)  at  moath,  New  York 43 

Cab  River  at  Franklin,  Idaho 53 

Cnrtis  Creek  (tribatary  of  Catawba  River)  near  month.  North  Carolina  .  11 

Dan  River  at  Soath  Boston,  Virginia 2, 750 

Dan  River  at  Clarksville.  Virginia 3,798 

Davidson  River  (tributary  of  French  Broad  River)  at  county  bridge  near 

mouth.  North  Carolina 48 

Dead  River  at  mouth,  Maine 1,000 

Deep  River  at  Cumnock,  North  Caroliiia 1,110 

Deep  River  at  Moncure,  North  Carolina 1,400 

Deer  River  (tributary  of  Black  River)  at  mouth.  New  Yort 107 

Delaware  River,  West   Branch,  at  Deposit,  below  Coquago  (Oquago) 

Creek,  New  York.... 519 

Delaware  River,  West  Branch,  at  mouth,  New  York 685 

Delaware  River  above  the  mouth  of  Beaver  Kill,  New  York 520 

Delaware  River  below  junction  of  East  and  West  branches.  New  York  . .  1, 604 

Delaware  River  below  Port  Jervis,  New  York 3, 252 

Delaware  River  below  mouth  of  Neversink  River,  New  York 3, 600 

Delaware  River  at  Pennsylvania  State  line 2,580 

Delaware  River  at  Delaware  Water  Gap,  Pennsylvania 4. 176 

Delaware  River  at  Lambertville,  New  Jersey 6, 855 

Delaware  River  at  mouth,  Wilmington,  Delaware 11, 895 

Denton  Valley  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia ...  12 

Deschutes  River  at  Moro,  Oregon ....  9, 900 

Desplaines  River  at  Riverside,  Illinois 633 

Doe  Creek  (tributary  of  Watauga  River)  one-half  mile  above  mouth,  Ten- 
nessee  43 
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Doe  River  (tributary  of  Watauga  River)  1  mile  above  Elizabeth  ton,  Ten- 
nessee  140 

Doe  River  (tributary  of  Watauga  River)  at  Allentown,  Tennessee 73 

Dolores  River,  West  Fork,  O)lorado 160 

Dolores  River  at  Dolores,  Colorado,  gaging  station  524 

Dolores  River  at  Dolores,  Colorado,  including  Lost  Canyon  Creek  (59) ...  583 

Dolores  River  at  intake  of  ditch  system,  Colorado 586 

Dov^agiac  River  (tributary  of  St.  .Toseph  River)  at  mouth,  Michigan 281 

Dry  Gulch  Creek  (tributary  of  Duchesne  River)  at  mouth,  Utah 260 

Duchesne  River  above  Strawberry  Creek,  Utah 703 

Duchesne  River  at  Lake  Fork,  Utah 2,247 

Duchesne  River  at  Price  road  bridge,  Utah 2,746 

Duchesne  River  at  mouth,  Utah 8,985 

Dungeness  River  at  Sequim,  Washington,  gaging  station 145 

Dutch  Creek  (tributary  of  Watauga  River)  at  Valle  Cruces,  North  Caro- 
lina    11 

Dykes  Creek  at  mouth,  New  York   68 

East  branch  or  fork  of  any  river,  see  the  river. 

East  Canada  Creek  at  Dolgeville,  New  York _  256 

East  Canada  Creek  at  mouth.  New  York 283 

Eaton  Brook  (tributary  of  Chenango  River)  at  mouth.  New  York 11 

Elk  Creek  (tributary  of  New  River)  at  Elk  crossroads.  North  Carolina  ..  10 

Elk  Creek  (tributary  of  New  River)  200  yards  above  mouth,  Virginia 82 

Elk  Creek,  North  Fork,  at  Banners  Elk,  North  Carolina 4 

Elk  Creek,  South  Fork,  at  Banners  Elk,  North  Carolina 7 

Elk  Creek  (tributary  of  Watauga  River)  at  Lineback,  Tennessee .    80 

Elk  Creek  (tributary  of  Yadkin  River)  one-fourth  mile  above  ford,  North 

Carolina.-.' 52 

Elk  Fork  Creek  ( tributary  of  Kolichucky  River)  near  Big  Tom  Wilson's, 

North  Carolina 3 

Elkhart  River  at  mouth,  Indiana 500 

Elkhom  River  at  Norfolk,  Nebraska 2,474 

Elkhorn  River  at  Arlington,  Nebraska 5,980 

Elwha  River  at  McDonald,  Washington 188 

Etowah  River  at  Canton,  Georgia 604 

Etowah  River  at  mouth,  Rome,  Georgia 1, 854 

Fall  Creek,  New  York  (tributary  of  Cayuga  Lake) ,  not  including  Casca- 

dilla  Creek 152 

Fall  River  5  miles  above  mouth,  Idaho  .  .     594 

Farm  Creek  C tributary  of  Duchesne  River)  at  canyon,  Utah 47 

Fif teenmile  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 13 

Fish  Creek,  East  Branch,  above  Point  Rock,  New  York 104 

Fish  Creek,  West  Branch,  at  McConnellsville,  New  York 187 

Fish  Creek  (tributary  of  Oneida  River)  at  junction  with  -Hudson  River, 

NewYork ..   . 253 

Fish  Creek  (tributary  of  Oneida  River)  at  mouth,  New  York  ...  4S0 

Fisher  River  (tributary  of   Yadkin   River)  at   railroad   trestle.  North 

Carolina _ 155 

Flannery  Fork  (tributary  of  New  River)  at  ford  on  Boone  River-Blow- 
ing Rock  road.  North  Carolina  ... 6 

Flat  Creek  (tributary  of  Swannanoa  River)  2  miles  below  Black  Moun- 
tain Station.  North  Carolina  . . 18 

Fiat  Creek  (tributary  of  French  Broad  River)  at  mouth,  North  Carolina.  25 

Flat  Kiver  ( tributary  of  Grand  River)  at  mouth,  Michigan 602 
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Flint  River  at  Molena,  Georgia -• 99^ 

Flint  River  at  Woodbury,  Ghsorgia  ..  988 

Flint  River  at  Albany,  Georgia 5,000 

Florida  River  at  Stewart's  ranch,  9  miles  from  Dtiraiigo,  Colorado 136 

Fogey  Creek  ( tribntary  of  Watanga  River)  at  month,  North  Carolina  —  B 

Forge  Creek  (tribntary  of  Watanga  River)  near  month,  Tennessee 18 

Fort  Tejon  Creek,  California,  including  Cuddy  Creek  and  Castac  Lake 

(upper  basin,  56) 98 

Fox  Creek  (tributary  of  New  River)  one-fourth  mile  above  mouth,  Vir- 
ginia  - 60 

French  Broad  River,  North  Fork,  above  mouth  of  West  Fork,  North 

Carolina 86 

French  Broad  River  at  crossing  of  Brevard- Webster  road.  North  Carolina.  26 
French  Broad  River  at  ford  on  road  between  Tucker  and  Shoal  creeks, 

•  North  Carolina 19 

French  Broad  River,  East  Fork,  near  mouth,  North  Carolina 26 

French  Broad  River.  Middle  Fork,  at  bridge  above  ford.  North  Carolina. .  5 

French  Broad  River,  West  Fork,  at  bridge  near  mouth,  North  Carolina  . .  80 

French  Broad  River  at  Eastatoe  Bridge,  North  Carolina   67 

French  Broad  River  at  bridge  near  Carson  Creek,  North  Carolina 138 

French  Broad  River  at  Penrose,  North  Carolina 294 

French  Broad  River  at  Faiming  Bridge,  North  Carolina 644 

French  Broad  River  at  ABheville,  North  Carolina ,  987 

French  Broad  River  at  Oldtown,  Tennessee 1, 737 

French  Broad  River  at  mouth,  Tenneasee 5, 138 

Frenchman  River  at  Wauneta,  Nebraska 989 

Frenchman  River  at  Palisade,  Nebraska    1,032 

Fulton  Chain  above  Old  Forge,New  York 41 

Gallatin  River  at  Logan,  Montana    1,620 

Gap  Creek  (tributary  of  New  River)  at  mouth.  North  Carolina 11 

Oa,p  Creek  (tributary  of  Watauga  River)  at  mouth,  Tennessee 10 

Garoga  Creek  3  miles  above  Mohawk  River,  New  Y.ork 81 

Genesee  River  below  Cryder  Creek,  New  York   143 

Genesee  River  below  Chenunda  Creek,  New  York 211 

Genesee  River  below  Dykes  Creek,  New  York 282 

Genesee  River  below  Vandemarck  Creek,  New  York 823 

Genesee  River  below  Knights  Creek,  New  York 846 

Genesee  River  below  Phillips  Oeek,  New  York 405 

Genesee  Biver  below  Van  Campens  Creek,  New  York 466 

Genesee  River  below  Angelica  Creek,  New  York 563 

Genesee  River  below  White  Creek,  New  York 585 

GeneseeRiver  below  Upper  Black  Creek,  New  York 627 

Oeneaee  River  below  Crawford  Creek,  New  York 649 

Qeneeee  River  below  Caneadea  Creek,  New  York 714 

Qenesee  River  below  Cold  Creek,  New  York 786 

Genesee  River  below  Rush  Creek,  New  York 822 

Grenesee  River  below  Wiscoy  Creek,  New  York 942 

Grenesee  River  below  Wolf  Creek,  New  York 994 

Grenesee  River  below  Silver  Lake  Creek,  New  York 1,060 

Grenesee  River  at  Mount  Morris,  New  York 1, 070 

Genesee  River  below  Coshaqua  Creek,  New  York 1,142 

Grenesee  River  below  Canaseraga  Creek.  New  York 1,407 

Oenesee  River  below  Beards  Creek,  New  York 1. 464 

GJ-enesee  River  below  Conesus  Lake,  New  York 1, 644 
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Genesee  River  below  Honeoye  Creek,  NeW  York 1.939 

Geneeee  River  below  Aliens  Creek,  New  York 2»14.5 

Genesee  River  at  Rochester,  New  York 2,365 

Gtonesee  River  at  mouth,  New  York 2,446 

Genesee  River  below  Black  Creek,  New  York 2,380 

Gila  River  at  San  Carlos,  Arizona 18,4.w 

Gila  River  at  Bnttes,  Arizona 17.834 

Gila  River  in  Arizona,  including  small  lost  basins 56, 838 

Gila  River  in  New  Mexico,  including  small  lost  basins 14, 300 

71,138 

Qooae  Creek  at  Lake  Cheesman.  Colorado,  gaging  station 86 

Grand  River  at  Glenwood  Springs,  Colorado 5,838 

Grand  River  at  Grand  Junction,  Colorado,  above  Gunnison  River 8, 644 

Ghrand  River  at  Grand  Junction,  Colorado,  below  Gunnison  River,  includ- 
ing Unoompahgre  (497 )  and  Gunnison  at  mouth  (7,985) 16, 5T9 

Grand  River  in  Colorado 22,294 

Ghrand  River  in  Utah 3,878 

26.167 

Grand  River  above  Lansing,  Michigan 756 

Grand  River  at  North  Lansing  dam,  Michigan 1,168 

Grand  River  below  mouth  of  Red  Cedar  River,  Michigan 1, 229 

Grand  River  at  North  Lansing,  Michigan 1,238 

Grand  River  above  Portland,  Michigan 1,404 

Grand  River  below  mouth  of  Lookingglass  River,  Miohigaa 1,710 

Grand  River  above  Lyons,  Michigan 1,748 

Grand  River  below  mouth  of  Maple  River,  Michigan 2, 667 

Grand  River  at  Ionia,  Michigan 2,913 

Grand  River  above  Lovell,  Michigan 2,971 

Grand  River  below  mouth  of  Flat  River,  Michigan 8,573 

Grand  River  above  Grand  Rapids,  Michigan 4.883 

G^and  River  at  C.  and  W.  M.  R.  R.  bridge,  Ghrand  Rapids,  Michigan 4,900 

Grand  River  at  Brick  House,  Michigan,  gaging  station 4, 961 

Grand  River  at  Lamont,  Michigan 6,179 

Grand  River  above  mouth,  Michigan 6,572 

Grand  Encampment  Creek  at  Peryam*8  ranch,  near  Encampment,  Wyo- 
ming   262 

Grassy  Creek  (tributary  of  Nolichucky  River)  near  Spmoepine,  North 

Carolina 18 

Great  Basin  in  Calif omia 47,240 

Great  Basin  in  Idaho 8,420 

Great  Basin  in  Nevada 102,220 

Great  Basin  in  Oregon • 18,950 

Great  Basin  in  Utah 48,548 

Great  Basin  in  Wyoming 1,494 


Great  Lakes: 

Superior 80,400 

Michigan 68,100 

Huron 75,300 

St.  aair 6,815 

Erie 84,480 

Ontario 82,980 


216,872 


,075 

Great  Salt  Lake,  Utah 2,2n^» 

G^reen  River  (tributary  of  Broad  River)  at  Cox's  bridge,  North  Carolina.  r^* 
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Green  River  (tributary  of  Broad  River)  near  Salnda,  North  Carolina 51 

Green  River  at  Greenriver,  Wyoming 7,450 

Green  River  at  Blake,  Utah 88,200 

Green  River  in  Colorado 10,883 

Green  River  in  Utah 15,916 

Green  River  in  Wyoming 20,077 

47,225 

Green  River,  Black  Pork,  at  Granger,  Wyoming 2,400 

Greenbrier  River  at  Alderson,  West  Virginia 1,844 

Greenbrier  River  at  mouth.  West  Virginia 1,575 

Grey  Bull  River  at  Meteetse,  Wyoming 870 

Grose  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 8 

Gunnison  River  at  lola,  Colorado 2,208 

Gunnison  River  at  Grand  Junction,  Colorado 7,985 

Gunpowder  River  at  Baltimore  conduit,  Maryland 294 

Halls  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 14 

Haw  River  at  Moncure,  North  Carolina 1,800 

Hemlock  Lake  (tributary  of  Qeneaee  River)  at  outlet,  New  York 48 

Henry  Fork  1  mile  above  mouth  of  Fall  River,  Idaho 931 

Henson  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina.  7 

Hickorynut  Creek  (tributary  of  Broad  River)  at  mouth,  North  Carolina.  8 

Higgins  Lake,  Michigan  (water  surface  1 5  square  miles) 67 

Hillabee  Creek  at  Alexander  City,  Alabama 214 

Hiwassee  River  at  Murphy,  North  Carolina 410 

Hiwassee  River  at  Reliance,  Tennessee 1,180 

Hiwassee  River  at  Charleston,  Tennessee 2,297 

Hiwassee  River  at  mouth',  Tennessee 2,698 

Hogthief  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 6 

Hogtrough  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 6 

Hollow  Poplar  Creek  (tributary  of  Nolichucky  River)  at  ford  on  Erwln- 

Bakersville  road.  North  Carolina 9 

Holston  River,  South  Fork,  below  mouth  of  Middle  Fork,  Virginia 582 

Holston  River,  South  Fork,  at  Bluff  CJity,  Tennessee 828 

Holston  River,  South  Fork,  below  mouth  of  Laurel  Fork,  Virginia •  886 

Holston  River,  South  Fork,  above  mouth  of  Laurel  Fork,  Virginia 160 

Holston  River,  South  Fork,  at  Rye  Valley,  Virginia 87 

Holston  River,  Middle  Fork,  5  miles  above  mouth  at  Shallow  Ford,  Vir- 
ginia   227 

Holston  River,  Middle  Fork,  above  mouth  of  Bear  Creek,  Virginia,  near 

Marion,  Virginia 88 

Holston  River  at  mouth,  Tennessee 3,790 

Hominy  Creek  (tributary  of  French  Broad  River)  at  Asheville,  North 

Carolina 104 

Honeoye  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 263 

Hood  River  at  Tucker,  Oregon. 850 

Hood  River  at  mouth,  Oregon 418 

Hoosic  River  (tributary  of  Hudson  River)  at  mouth.  New  York 780 

Horse  Creek  (tributary  of  New  River)  one-fourth  mile  above  mouth. 

North  Carolina 56 

Horse  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina.  -  6 

Houghton  Lake„Michigan  (water  surface  31  square  miles) 185 

Snbbard  Lake,  Michigan  ( water  surface  134  square  miles) 148 

Budson  River  at  Glens  Falls,  New  York 2,800 

Hudson  River  at  Mechanicsville,  New  York 4,500 
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Hudson  River  atTroy,  New  York 8,000 

HudsonRiveratHadley,  New  York 1.092 

Humboldt  River  at  Elko,  Nevada 2,840 

Humboldt  River  at  Battle  Mountain,  Nevada 7,800 

Humboldt  River  atGk>lconda,  Nevada 10,780 

Humboldt  River  at  Oreana,  Nevada 13,800 

Humboldt  River  at  Oreana,  Nevada,  including  Grassy  Valley 14, 967 

Humboldt  River,  North  Fork,  at  Peko,  Nevada 1,020 

Humboldt  River,  South  Fork,  at  Mason's  ranch,  Nevada !» 150 

Hungry  Mother  Creek  (tributary  of  Holston  River)  at  ford  near  Marion, 

Virginia 18 

Huron  River  at  mouth,  Michigan MO 

Huttons  Branch  (tributary  of  Holston  River)  at  mouth,  Virginia U 

Independence  Creek  (tributary  of  Black  River)  at  mouth.  New  York 90 

Indian  Lake  at  gaging  station,  New  York 146 

Jack  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina. . .  22 

James  River  at  Buchanan,  Virginia 2,058 

James  River  at  Balcony  Falls,  Virginia 3,027 

James  River  at  Cart^rsville,  Virginia..  6,332 

Jarrett  Creek  (tributary  of  Catawba  River)  near  mouth,  Navtb.  CaroUna.  6 

Jefferson  River  at  Sappington,  Montana 8,984 

Jefferson  River  at  Threeforks,  Montana 9,400 

'Jim  Scott  Branch  (tributary  of  Holston  River)  at  mouth,  Virginia 3 

Johns  River  (tributary  of  Catawba  River)  on  highway  bridge  near  Mor- 

ganton.  North  Carolina 218 

Johns  River  (tributary  of  Catawba  River)  at  C^Uettsville,  North  Carolina.  70 

Jones  Falls  at  Baltimore  conduit,  Maryland.  88 

Juniata  River  at  Newx)ort,  Pennsylvania -  3,476 

Juniata  River  at  mouth,  Pennsylvania 3,530 

Kalamazoo  River,  North  Branch,  at  Albion,  Michigan 138 

Kalamazoo  River,  South  Branch ,  at  Albion,  Michigan 136 

Kalamazoo  River  at  Marengo  dam,  Michigan 261 

Kalamazoo  River  below  j  unction  of  North  and  South  branches 274 

Kalamazoo  River  at  Marshall,  Michigan 443 

Kalamazoo  River  above  Battlecreek,  Michigan • 603 

Kalamazoo  River  below  Battlecreek,  Michigan 847 

Kalamazoo  River  at  Plainville,  Michigan 1,307 

Kalamazoo  River  at  Allegan,  Michigan 1.503 

Kalamazoo  River  at  mouth,  Michigan 2.064 

Kalawa  River.    See  Calowa  River. 

Kansas  River  at  Lecompton,  Kansas 58,550 

Kansas  River  at  Lawrence,  Kansas 59,841 

Kansas  River  in  Kansas 84,526 

Kansas  River  in  Nebraska 17,455 

Elansas  River  in  Colorado 9,459 

61,440 

Kaweah  River  above  sec.  3,  T.  18  S.,  R.  27  E.,  California 619 

Kennebec  River  at  outlet  of  Moosehead  Lake,  Maine 1,250 

KennebecRiverbelowmouthof  Dead  River,  Maine..   2,570 

Kennebec  River  at  Carritunk  Falls,  Maine 2,900 

Kennebec  River  at  Madison,  Maine 1 8,330 

Kennebec  River  at  Norridgewock,  Maine 4,030 

Kennebec  River  at  Somerset  Mills,  Maine 4,380 

Kennebec  Biver  at  Waterville.  Maine,  above  mouth  of  Sebastioook  Biver.  4, 410 
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Kennebec  River  at  Watervllle,  Maine,  below  month  of  Sebasticook  River.  5, 470 

Kennebec  River  at  Angnsta,  Maine 5,770 

Kennebec  River  at  mouth,  Maine 6,880 

Kentnclcy  Fork  of  North  Toe  River  at  month,  North  Carolina 4 

Kern  River  at  First  Point  of  Measurement,  above  Bakersfield,  California, 
including  North  Fork  (1,115),  South  Fork  (1,050),  and  Lower  Bafidn 

(180).... 8,845 

Eenka  Lake  Outlet  at  foot  of  KeukaLake.  New  York 187 

Eenka  Lake  at  outlet,  New  York 318 

King  Creek  (tributary  of  French  Broad  River)  on  Brevard  road,  North 

Carolina. 8 

King  River  at  Red  Mountain,  California 1,775 

Knights  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 22 

Lake  Creek  at  Twin  Lakes,  Colorado 100 

Lake  Creek  at  Interlaken  station  (between  Twin  Lakes) ,  Colorado 104 

Lake  Erie 84,480 

Lake  Fork  (tributary  of  Duchesne  River)  at  mouth,  Utah 475 

Lake  G^rge  at  outlet,  New  York,  including  area  of  water  sorfaoe  (60) . .  288 

Lake  Huron 80.400 

Lake  Michigan 68,100 

Lake  Ontario 82,080 

LakeSt  Clair 6,815 

Lake  Superior 75,800 

Laramie  River  above  Woods  Landing,  Wyoming  (in  Colorado,  848) 485 

Laramie  River  at  Uva,  Wyoming,  including  428  square  miles  in  Colo- 
rado - 8,179 

Laramie  River  at  mouth,  Fort  Laramie,  Wyoming,  not  including  500 

square  miles  of  lost  drainage  of  James  Lake,  Cooper  Lake,  etc 4, 076 

Laurel  Creek  (tributary  of  French  Broad  River)  above  mouth,  North  Caro- 
lina   186 

Laurel  Creek,  Upper  (tributary  to  Watauga  River) ,  at  mouth.  North  Car- 
olina..   7 

Laurel  Creek,  Lower  (tributary  of  Watauga  River),  at  mouth,  North 

Carolina 7 

Laurel  Fork  of  Doe  River  at  Allentown,  Tennessee 26 

Liaurel  Fork  of  Holston  River  1  mile  below  Damascus,  Virginia 172 

Leee  Creek  (tributary  of  French  Broad  River)  at  Olivette,  North  Oaro* 

Una  — 5 

Linville  River  at  Linville  Falls,  North  Carolina 46 

Linville  River  at  mouth.  North  Carolina 87 

Little  River  (tributary  of  French  Broad  River)  at  bridge  three-fourths  mile 

above  mouth,  North  Carolina 69 

Little  Biver  (tributary  of  New  River)  at  ford  on  Independence-Oldtown 

road,  Virginia 184 

Little  Androscoggin  River  at  mouth,  Maine 880 

Little  Bald  Mountain  Creek  at  mouth,  North  Carolina 8 

Little  Crabtree  Creek  (tributary  of  Nolichucky  River)  above  lower  ford  on 

MicaviUe-Sprucepine  road.  North  Carolina 19 

Little  Delaware  Creek  (tributary  of  Delaware  River)  near  mouth.  New 

York 68 

Little  Doe  River  (tributary  of  Watauga  River)  at  Allentown,  Tennessee.  81 

Little  Gkx)6e  Creek  at  Sheridan,  Wyoming 128 

Little  Patuzent  Biver  at  mouth,  Maryland 189 
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Little  Pine  Creek  (tributary  of  French  Broad  River)  above  month.  North 

Carolina 15 

Littlerock  Creek  at  head  of  South  Antelope  Valley  Irrigation  Company's 

canal,  near  Palmdale,  California 78 

Little  Tennessee  River  at  Judson ,  North  Carolina 082 

Little  Truckee  River  at  Boca,  California 171 

Little  Wood  River  at  Toponis,  Idaho 1,270 

Locust  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina.  6 

Logan  River  at  Logan,  Utah 218 

Lookingglass  River  (tributary  of  Grand  River)  at  mouth,  Michigan 306 

Los  Angeles  River  above  Devils  Gate  reservoir  site,  California 28 

Los  Angeles  River  above  Narrows  at  Burbank,  California,  including 

Tujunga  Canyon  (116),  Arroyo  Seco  Canyon  (18.1),  Millard  Canyon 

(3.1),  Eaton  Canyon  (6.5),  Little  Santa  Anita  Canyon  (2.5),  and  Santa 

Anita  Canyon  (11.1) ...  470 

Los  Pinos  River  at  north  line  of  Southern  Ute  Indian  Reservation, 

Colorado 321 

Los  Pinos  River  at  Ignacio  Agency.  Colorado 450 

Los  Pinos  River  at  mouth,  Colorado 650 

Loup  River  at  Columbus,  Nebraska 13, 542 

Lovell  Creek  (tributary  of  Black  River)  at  mouth.  New  York 34 

Lower   Creek    (tributary  of  Catawba  River)    near  Morganton,  North 

Carolina ^7 

Lower  Black  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York. . .  212 
Lower  Laurel  Creek  (tributary  of  Watauga  River)  at  mouth,  North 

Carolina 7 

Madison  Brook  (tributary  of  Chenango  River;  at  mouth,  New  York 9 

Madison  River  at  Redbluff ,  Montana 2, 085 

Madison  River  at  Threef orks,  Montana 2. 420 

MagoUoway  River  at  mouth,  Maine 420 

Malade  River  at  Toponis,  Idaho 2, 190 

Malade  Ri^er  at  Bliss,  Idaho 3, 55u 

Malheur  River  at  Vale,  Oregon 9,900 

Mancos  River  at  Mancos,  Colorado  117 

Mancos  River  at  mouth,  Colorado 655 

Man ti  Creek  at  Manti.  Utah 31 

Maple  Creek  (tributary  of  Broad  River)  on  bridge  near  mouth.  North 

Carolina. 13 

Maple  River  above  Maple  Rapids,  Michigan  _ 459 

Maple  River  at  mouth,  Michigan 919 

Martin  Creek  (tributary  of  Nolichucky  River)  near  Erwin.  Tennessee ...  6 

Martins  Creek  (tributary  of  Black  River)  at  mouth,  New  York 29 

Mattawamkeag  River  below  outlet  of  Baskahegan  Lake,  Maine 190 

Mattawamkeag  River  at  mouth,  Maine 1.5:W 

Meat  Camp  Creek  (tributary  of  New  River)  one- fourth  mile  below  Moretz, 

North  Carolina 19 

Medicine  River  at  Kiowa,  Kansas l.:^00 

Merced  River  at  Merced  Falls,  California 1. 076 

Mernmac  River  at  Lawrence,  Massachusetts 4. 553 

Messalonskee  River  at  mouth.  Maine 205 

Middle  Branch  of  any  river,  see  the  river. 

Middle  Creek  near  Bozeman,  Montana 55 

Middle  Creek  (tributary  of  Nolichucky  River)  at  ford  on  Micaville-Marion 

road,  North  Carohna 2 
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Middle  LonpRiverat  St.  Paul,  Nebraska 6,849 

Middle  Saluda  Greek  1  mile  above  moath,  North  Carolina 54 

Milk  River  at  Havre,  Montana,  inclnding  Bad  Water  Lake 7, 800 

Mill  Creek  at  Grafton,  California 47 

Mill  Creek  (tributary  of  Holston  River)  1  mile  above  month, Virginia 7 

Mill  Creek  (tributary  of  Catawba  River)  near  mouth.  North  Carolina ...  16 
Mills  River  (tributary  of  French  Broad  River)  on  Old  Haywood  road,  North 

Carolina 73 

Mississippi  River  at  St.  Paul,  Minnesota,  including  Minnesota  River 

(16,350) 36,085 

Missoula  River  at  Missoula,  Montana 5,960 

Missouri  River  at  To wnsend,  Montana 14,500 

Missouri  River  at  Canyon  Ferry,  Montana 15,086 

Missouri  River  at  Craig,  Montana 17, 615 

Missouri  River  in  Montana . .  _ 81, 018 

Missouri  River  in  Wyoming 760 

81,778 

Mitchell  River  (tributary  of  Yadkin  River)  at  railroad  trestle.  North  Car- 
olina   - ^ 118 

Mohave  River  at  Victorville,  California 400 

Mohawk  River  at  Ridge  Mills,  New  York 158 

Mohawk  River  at  Rome,  New  York 184 

Mohawk  River  at  Utica,  New  York 524 

Mohawk  River  at  Little  Falls,  New  York 1,806 

Mohawk  River  below  mouth  of  Schoharie  Creek,  New  York 8,100 

Mohawk  River  at  Freeman's  bridge,  Schenectady,  New  York 8, 212 

Mohawk  River  at  State  dam,  Rexford  Flats,  New  York 8,885 

Mohawk  River  at  mouth.  New  York 8, 468 

Monocacy  River  at  Frederick,  Maryland 665 

Monocacy  River  at  mouth,  Maryland 941 

Monongahela  River  at  Weston,  West  Virginia 140 

Monongahela  River  at  Fairmont, West  Virginia 2,824 

Monongahela  River  at  Morgantown  .West  Virginia 2, 749 

Monongahela  River  at  Qreensboro,  Pennsylvania 4, 574 

Monongahela  River  at  Lock  No.  4,  Pennsylvania 5, 427 

^ioody  Mill  Creek  (tributary  of  Watauga  River)  at  mouth.  North  Caro- 
lina   8 

Moose  River  at  outlet  into  Moosehead  Lake,  Maine 1, 250 

Moose  River  (tributary  of  Black  River)  at  cable  station,  New  York 846 

Moose  River  (tributary  of  Black  River)  at  mouth.  New  York 406 

Mnd  Creek  (tributary  of  French  Broad  River)  at  road  crossing  near 

moath,  North  Carolina 116 

Mnd  Chreek  (tributary  of  Clyde  River)  at  Lyons,  New  York 298 

Maddy  Creek  (tributary  of  Catawba  River)  near  mouth.  North  Carolina.  67 
Mai  berry  Oeek  (tributary  of  Johns  River)  at  Collettsvllle,  North  Caro- 
lina .     - , ..-- .  32 

Mulberry  Creek  (tributary  of  New  River)  at  mouth,  North  Carolina 85 

Mulberry  River  (tributary  of  Yadkin  River)  at  railroad  trestle.  North 

Carolina 44 

Mnakegon  River  above  Clam  River,  Michigan 787 

Maskegon  River  below  Clam  River,  Michigan 1,094 

Muskegon  River  above  Big  Rapids,  Michigan 1,764 

IRR  52—01 4 
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Muskegon  River  above  Newaygo,  Michigan 3, 352 

Muskegon  River  above  month,  Michigan 2,663 

Mnskingnm  River  at  Zanesville, Ohio _ _. 5,828 

Mnskrat  Lake  and  gronp,  Michigan  (water  snrface  8  square  miles) 5T 

Nantahala  River  at  mouth.  North  Carolina _ 193 

Naches  River  at  North  Yakima,  Washington _ 1,(X)0 

Neatahwanta  Lake  at  outlet,New  York 33 

Neosho  River  at  lola,  Kansas 3,670 

Neshaminy  Creek  below  the  forks,  Pennsylvania _ 139 

Neuse  River  at  Selma,  North  Carolina •  1, 175 

Neversink  River  (tributary  of  Delaware  River)  near  mouth.  New  York. .  346 
Newfound  Creek  (tributary  of  French  Broad  River)  three-fburths  mile 

above  mouth,  North  Carolina 33 

Newfound  Creek  (tributary  of  French  Broad  River)  at  mouth,  North 

Carolina ._  34 

New  River,  North  Fork,  at  Weaversford,  North  Carolina 278 

New  River,  North  Fork,  1  mile  below  Creston,  North  Carolina 65 

New  River,  South  Fork,  at  New  River,  North  Carolina _  327 

New  River,  South  Fork,  at  Riverside,  North  Carolina 102 

New  River,  East  Fork,  at  ford  on  Boone-Aho  road,  North  Carolina 6 

New  River,  Middle  Fork,  at  ford  on  Boone-Aho  road.  North  Carolina  ...  14 

New  River  at  Oldtown,  Virginia 1,100 

New  River  at  Rddford,  Virginia. 2,725 

New  River  above  Greenbrier  River,  West  Virginia 4, 523 

New  River  at  Hinton,  West  Virginia 5,600 

New  River  at  Fayette,  West  Virginia 6,200 

Ninemile  Creek  1  mile  below  Stittville,  New  York,  gaging  station 63 

NinemilB  Creek  at  mouth.  New  York 74 

Niobrara  River  at  Fort  Niobrara,  Nebraska 6,800 

Nolichucky  River  above  Tennessee  State  line 640 

Nolichucky  River  at  Chucky  Valley,  Tennessee 817 

North  (of  James)  River  at  East  Glasgow,  Virginia 831 

North  Boulder  Creek  near  Boulder,  Colorado 103 

North  Branch  of  any  river,  see  the  river. 

North  Broad  River  at  Carlton,  Georgia 763 

North  Fork  of  any  river,  see  the  river. 

North  Indian  Creek  (tributary  of  Nolichucky  River)  at  Erwln,  Ten- 
nessee  _ 61 

North  Loup  River  at  St.  Paul,  Nebraska 4. 034 

North  Platte  River  above  Sweetwater  River,  including  1,696  in  Colorado.  7, 668 

North  Platte  River  above  Douglas,  Wyoming 14,255 

North  Platte  River  above  Orin  Junction,  Wyoming 14, 82^ 

North  Platte  River  at  Guernsey, Wyoming.. 16,243 

North  Platte  River  above  Fort  Laramie,  Wyoming 16, 416 

North  Platte  River  below  Laramie  River,  Wyoming 20, 492 

North  Platte  River  in  Wyoming  and  Colorado 23,643 

North  Platte  River  at  Gering,  Nebraska 24.340 

North  Platte  River  at  Camp  Clarke,  Nebraska 24,  s3»J 

North  Platte  River  at  North  Platte,  Nebraska 2S,  517 

North  Saluda  Creek  2  miles  below  Humphrey's  store,  North  Carolina 18 

North  Saluda  Oeek  at  ford  on  Lima-Cleveland  Mills  road.  North  Carolina .  42 

North  Saluda  Creek  at  iron  bridge  at  Marietta,  North  Carolina 59 

North  Toe  River  (tributary  of  Nolichucky  River)  at  Sprucepine,  North 

Carolina 138 
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Square  miles. 
North  Toe  River  (tributary  of  Nolichncky  River)  at  ford  on  Linnville- 

Cranberry  road,  North  Carolina 9 

North  Toe  River,  Kentucky  Fork  of,  at  mouth,  North  Carolina 4 

Nottely  River  at  Ranger,North  Carolina 272 

Oak  Creek  (tributary  of  Susquehanna  River)  at  mouth.  New  York 115 

OaUout  Creek  (tributary  of  Susquehanna  River)  at  mouth,  New  York. ..  115 

Oatka  Creek  at  Warsaw,  New  York 28 

Ocmulgee  River  at  Macon,  Georj^ia 2,426 

Oconee  River  at  Carey,  Georgia 1,346 

Oconee  River  at  Dublin,  Georgia. _ 4, 182 

Octoraro  Creek  at  mouth,  Rowlandsville,  Maryland. 217 

Ogden  River  at  Powder  Mills,  near  Ogden,  Utah 360 

Oldfield  Creek  (tributary  of  New  River)  near  mouth.  North  Carolina 13 

Olentangy  River  at  Galion,  Ohio 29 

Olentangy  River  at  mouth,  Columbus,  Ohio 582 

Oneida  Creek  (tributary  of  Oneida  River)  at  Kenwood,  New  York 59 

Oneida  Creek  (tributary  of  Oneida  River)  at  mouth,  New  York 149 

Oneida  Lake  at  outlet,  New  York 1,800 

Oneida  River  at  mouth ,  New  York 1 ,  402 

Ooetanaula  River  at  Resaca,  Georgia 1, 614 

Ooetanaula  River  at  mouth,  Rome,  Georgia 2,152 

Oriskany  Creek  at  State  dam.  Oriskany,  New  York 144 

Oriskany  Creek  at  Coleman,  New  York 141 

Oriskany  Creek  at  mouth.  New  York 146 

Oswego  River  below  Three  River  Point,  New  York 167 

Oswego  River  below  junction  of  Seneca  and  Oneida  rivers,  New  York ...  4, 868 

Oswego  River  at  Fulton,  New  York 4,916 

Oswego  River  at  gaging  station.  New  York 4,990 

Oswego  River  at  high  dam  near  Oswego,  New  York 5, 000 

Oswego  River  at  mouth,  New  York 5,002 

Otego  Creek  (tributary  of  Susquehanna  River)  at  month.  New  York 106 

OtiBco  Lake  at  outlet,  New  York  — 41 

Otselic  River  (tributary  of  Susquehanna  River)  at  mouth.  New  York  . . .  259 

Otter  Creek  (tributary  of  Black  River)  at  mouth.  New  York 60 

Onondaga  Lake  at  outlet.  New  York 267 

Oqoago  Creek,  New  York.    See  Coquago  Creek. 

Owasco  Outlet  at  Owasco  Inlet,  New  York _ 120 

Owasco  Outlet  at  foot  of  Owasco  Lake,  New  York _ 208 

Owasco  Outlet  at  Auburn,  New  York. . 212 

Owasco  Outlet  at  mouth,  New  York 230 

Owego  Creek  (tributary  of  Susquehanna  River)  at  mouth.  New  York 391 

Owyhee  River  at  Owyhee,  near  Ontario,  Oregon 9,875 

Paddys  Creek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina.  13 

Palouse  River  at  Hooper,  Washington 2,210 

Palouse  River  l>elow  mouth  of  Cow  Creek,  Washington 2, 460 

Passadumkeag  River  at  mouth.  Maine 400 

Patapsco  River,  South  Branch,  Maryland _ .  84 

Patapsco  River,  North  Branch,  Maryland _ 166 

Patapsco  River  at  Woodstock,  Maryland 251 

Patapsco  River  above  Patapsco  Station,  Maryland. 861 

Patuxent  River  above  mouth  of  Little  Patuxent  River,  Maryland 194 

Patuxent  River  at  Laurel,  Maryland 137 

Patnzent  River  below  junction  of  West  Branch 515 
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Square  miles. 

Pawpaw  Creek  (tributary  of  French  Broad  River)  1  mile  above  month, 

North  Carolina. _ 4 

Pawpaw  River  (tributary  of  St.  Joseph  River)  at  month,  Michigan 429 

Payette  River  at  Payette,  Idaho 3,565 

Peach  Bottom  Creek  (tributary  of  New  River)  above  month,  Virginia.. .  28 
Penobscot  River  opposite  extremity  of  Moosehead  Lake,  below  month  of 

Nnlhedns  Creek,  Maine 600 

Penobscot  River  at  entrance  to  Chesnncook  Lake,  Maine 870 

Penobscot  River  at  outlet  of  Chesnncook  Lake,  Maine 1, 440 

Penobscot  River  at  outlet  of  Twin  Lakes,  Maine 1,990 

Penobscot  River  below  month  of  East  Branch,  Maine 3,160 

Penobscot  River  below  mouth  of  Piscataquis  River,  Maine 6, 590 

Penobscot  River  at  Oldtown,  Maine 7,240 

Penobscot  River  at  Bangor,  Maine 7,910 

Penobscot  River  at  mouth,  Maine 8.550 

Penobscot  River,  East  Branch,  at  mouth,  Maine 1, 170 

Pepacton  River  (tributary  of  Delaware  River)  at  mouth,  New  York 919 

Perkiomen  Creek  at  Frederick,  Pennsylvania 152 

Phillips  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 32 

Piedra  River  at  Arboles,  Colorado 670 

Pigeon  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina.  5 
Pigeon  Roost  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North 

Carolina 11 

Pigeon  River  at  Newport,  Tennessee 655 

Piscataquis  River  at  Dover,  Maine 380 

Piscataquis  River  below  outlet  of  Sebec  Lake,  Maine 750 

Piscataquis  River  at  mouth,  Maine 1,500 

Platte  River  at  North  Platte,  Nebraska: 

North  Platte  River --    28,517 

South  Platte  River 23,2d4 

51,811 

Platte  River  at  Columbus,  Nebraska 56,867 

Platte  River,  North  and  South,  in  Colorado 22,230 

Platte  River,  North  and  South,  in  Nebraska 10,850 

Platte  River,  North  and  South,  in  Wyoming 24,240 

57,820 

Platte  River,  South  Fork,  at  Lake  Cheesman,  Colorado 1, 677 

Plum  Tree  Creek  (tributary  of  Nolichucky  River)  at  mouth.  North 

Carolina 6 

Pomer  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 13 

Portage  River  (tributary  of  St.  Joseph  River)  at  mouth,  Michigan 178 

Portneuf  River  at  McCammon,  Idaho 500 

Portneuf  River  at  Pocatello,  Idaho 1,130 

Potomac  River,  North  Branch,  above  Bloomington,  Maryland. « 203 

Potomac  River,  North  Branch,  at  Piedmont,  West  Virginia,  including 

Savage  Creek  (HI) 409 

Potomac  River,  North  Branch,  at  Cumberland,  Maryland,  including  New 

Creek  at  mouth,  Keyser,  West  Virginia  (56) 891 

Potomac  River,  North  Branch,  at  junction  with  South  Branch,  including 

Patterson  Creek  at  Burlington,  below  Mill  Creek  (155),  and  at  mouth 

(279) 1.365 

Potomac  River,  South  Branch,  at  junction  with  North  Fork,  including 

188  square  miles  at  Franklin 818 
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Square  miles. 
Potomac  River,  South  Branch,  iDclnding  North  Fork  below  Seneca  Creek 

(240)  and  at  month  (322) _  640 

Potomac  River,  Sonth  Branch,  at  Moorefieid,  West  Virginia,  including 

Mill  Creek  at  month  (101) 897 

Potomac  River,  Sonth  Branch,  below  Moorefieid,  including  South  Fork  at 

Fort  Seybert,  West  Virginia  (155),  and  at  month,  at  Moorefieid  (301) . .  1, 198 

Potomac  River,  South  Branch,  at  Romney,  West  Virginia. 1, 407 

Potomac  River,  South  Branch,  at  U.  S.  G.  S.  gaging  station  at  railway 

bridge  between  Romney  and  Springfield,  West  Virginia 1, 443 

Potomac  River,  South  Branch,  at  mouth.  West  Virginia 1, 487 

Potomac  River  at  new  gaging  station,  West  Virginia 1, 440 

Potomac  River  at  junction  of  North  and  South  branches.  West  Virginia.  2, 852 
Potomac  River  above  Great  Cacapon  River,  including  Little  Cacapon 

River,  West  Virginia  (117) -. 3,388 

Potomac  River  below  Great  Cacapon  River,  including  Great  Cacapon 

above  North  River  (404)  and  at  mouth,  West  Virginia  (671 )  _ 4, 059 

Potomac  River  at  Hancock,  West  Virginia 4, 099 

Potomac  hiver  at  Williamsi)ort,  Maryland,  including  Warmspring  Creek 
at  mouth  (16),  Conoloway  Creek  (125),  Sleepy  Creek  (146),  Licking 

Creek  (195),  Back  Creek  (288) ,  and  Conocockeague  Creek  (579) 5, 556 

Potomac  River  at  Harpers  Ferry,  West   Virginia,  including  Ope(iuan 

Creek  (335)  and  Antietam  Creek  (305) 6,354 

Potomac  River  below  Harpers  Ferry,  West  Virgfinia,  including  Shenan- 
doah River  (3,009) 9,383 

Potomac  River  at  Weverton,  Maryland 9, 397 

Potomac  River  at  Point  of  Rocks,  Maryland 9, 654 

Potomac  River  at  Edwards  Ferry  below  Goose  Creek,  including  Monocacy 

River  at  month  (941)  and  Goose  Creek  (384) 11,100 

Potomac  River  at  Great  Falls,  Maryland,  including  Seneca  Creek  (132) . .  11, 427 

Potomac  River  at  Chain  Bridge,  District  of  Columbia 11, 545 

Prairie  River  (tributary  of  St.  Joseph  River)  at  mouth,  Michigan 164 

Prather  Creek  (tributary  of  New  River)  at  ford  one-half  mile  below 

Scottville,  North  Carolina 9 

Price  Creek  (tributary  of  Nolichucky  River)  at  mouth,  North  Carolina. .  18 

Prosser  Creek  at  Boca,  Calilomia 5.> 

Provo  River  at  Provo,  Utah 040 

Purgatory  Creek  at  Trinidad,  Colorado 742 

Purgatory  Creek  at  Las  Animas,  Colorado 3,040 

Queen  Creek  at  Whitlow's  ranch,  Arizona ..  143 

Back  River  at  mouth,  Michigan 213 

Reedy  Patch  Creek  (tributary  of  Broad  River)  at  mouth.  North  Carolina.  12 
Beams  Creek  (tributary  of  French  Broad  River)  at  mouth.  North  Caro- 
lina ...    ...  36 

Bed  Bank  Creek  (tributary  of  Allegheny  River)  at  Brookville,  Pennsyl- 
vania   - 400 

Red  Cedar  River  at  Agricultural  College,  Michigan  , 358 

Red  Cedar  River  at  mouth,  Michigan 472 

Beddie  Creek  (tributary  of  Yadkin  River)  at  North  Wilkesboro,  North 

Carolina 95 

Red  River  in  Texas 15,800 

Red  Rock  Creek  at  Redrock,  Montana 1, 330 

Republican  River,  North  Fork,  at  Haigler ,  Nebraska 1, 390 

Republican  River  at  Superior,  Nebraska 22,347 
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Square  znileii. 

Bepublican  River  at  Junction,  Kansas ... : 25,837 

Republican  River  in  Colorado 7, 926 

Republican  Riverin  Nebraska 10,415 

Republican  River  in  Kansas 7, 496 


25,a37 

Rice  Creek  at  Marshall,  Michigan,  1  mile  above  mouth 99 

Rio  Grande  at  Del  Norte,  Colorado 1, 400 

Rio  Qrande  at  Cenicero,  Colorado 7, 695 

Rio  Grande  at  Embudo,  New  Mexico _ 10, 090 

Rio  Grande  at  Rio  Grande,  New  Mexico 14,050 

Rio  Grande  at  Ban  Marcial,New  Mexico 28,067 

Rio  Grande  at  El  Paso, Texas 30,000 

Rio  Grande  in  Colorado 7,498 

Rio  Grande  in  New  Mexico.- , 72,380 

Rio  Grande  in  Texas 80,550 

160,423 

Roan  Creek  (tributary  of  Watauga  River)  at  Butler,  Tennessee 164 

Roanoke  River  at  Roanoke,  Virginia 388 

Roanoke  River  at  Clarksville,  Virginia 7,344 

Roanoke  River  at  Neal, North  Carolina _.  8,717 

Roaring  Creek  (tributary  of  Nolichucky  River)  at  mouth.  North  Carolina .  10 
Roaring  River  (tributary  of  Yadkin  River)   at  Roaring  River,  North 

Carolina 137 

Rock  Creek  (tributary  of  Nolichucky  River;  at  ford  on  Micaville-Marion 

road.  North  Carolina 2 

Rock  Creek  at  Battle  Mountain,  Nevada 725 

Rock  Creek  at  Zoological  Park,  District  of  Columbia 83 

Rush  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York 35 

Rush  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia _ .  8 

Rockhouse  Creek  ( tributary  of  Watauga  River )  at  mouth,  North  Carolina .  2 

Saco  River  at  Fryeburg,  Maine 439 

Saco  River  at  Great  Falls  at  Hiram,  Maine 856 

Saco  River  at  Highland  Rips,  Maine 1,366 

Saco  River  at  Bonny  Eagle  Falls,  Maine 1,578 

Sacramento  River  at  Jellys  Ferry,  California 9, 134 

Sacramento  River  above  Redbluff ,  California 9, 356 

Sacramento  and  San  Joaquin  rivers  in  California 63, 020 

Sacramento  River  in  Oregon 655 


63,675 

Sacandaga  River,  South  Branch,  at  mouth,  New  York 240 

Sacandaga  River,  East  Branch,  at  mouth.  New  Y'ork 124 

Sacandaga  River,  Middle  Branch,  at  mouth.  New  York 115 

Sacandaga  River  below  Stony  Creek,  New  York 223 

Sacandaga  River  at  mouth,  New  York 1.056 

St.  Clair  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia i? 

St.  Croix  River,  West  Branch,  at  Princeton  dam,  Maine 540 

St.  Croix  River,  West  Branch,  at  confluence  with  main  river,  Maine 750 

St.  Croix  River  at  Grand  (Schoodic)  Lake,  Maine 420 

St.  Croix  River  at  Little  Falls,  Maine _. 500 

St.  Croix  River  above  mouth  of  West  Branch,  Maine 650 

St.  Croix  River  below  mouth  of  Wesc  Branch,  Maine 1,  4(m\ 

St.  Croix  River  at  Spragues  Falls,  Maine 1, 450 

St.  Croix  River  at  lower  dam  at  Calais,  Maine 1,530 

St.  Croix  River  at  mouth,  eastern  border  of  Calais,  Maine 1,  630 
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St.  Joseph  River  above  Three  Rivers,  Michigan 868 

St.  Joseph  River  below  Three  Rivers,  Michigan 1,417 

St.  Joseph  River  above  Niles,  Michigan 8,616 

St.  Joseph  River  below  month  of  Dowagiao  River,  Michigan 8,  S98 

St.  Joseph  River  above  mouth  of  Pawpaw  River,  Michigan 4, 167 

St.  Joseph  River  below  month  of  Pawpaw  River,  Michigan 4, 586 

St.  Louis  River  above  Cloquet,  Minnesota _ 8, 272 

St.  Vrain  Creek  near  Lyons,  Colorado 209 

Salina  Creek  at  Salina,  Utah . . *      255 

Salinas  River  at  Salinas,  California 4, 940 

Saline  River  at  Beverly,  Kansas 2,780 

Saline  River  at  mouth,  Kansas 3,811 

Salmon  Creek  (tributary  of  Cayuga  Lake)  at  month.  New  York 90 

Salmon  River  1  mile  above  falls,  New  York 191 

Salmon  River  at  bridge  station,  New  York 264 

Salt  Lake,  Utah.    See  Great  Salt  Lake. 

Salt  River  below  Tonto  Creek,  Arizona 5,756 

Salt  River  in  canyon  20  miles  above  Verde  River,  Arizona 5, 880 

Salt  River  at  Arizona  dam,  Arizona 12,260 

Salt  River  at  McDowell,  Arizona,  above  Verde  River 6, 260 

Saluda  River  at  Waterloo,  South  Carolina _ 1,056 

Sandy  Mush  Creek  (tributary  of  French  Broad  River)  at  mouth.  North 

Carolina 81 

San  Emidio  Creek,  California 54 

San  Gkibriel  River  at  canyon  above  Azusa,  California _  220 

San  Gabriel  River  above  narrows  at  Paso  de  Bartolo  Rancho,  California  .  567 

San  Joaquin  River  at  Herndon,  California 1, 687 

San  Juan  River  at  Arboles,  Colorado 1,820 

San  Miguel  River  at  Pallscreek.  Colorado 827 

San  Pedro  River  at  Dudleyville,  Arizona _ 2, 870 

San  Pedro  River  in  Arizona 8,886 

San  Pedro  River  in  Mexico  _ 120 

8,456 

San  Pitch  River  at  Gunnison,  Utah 886 

Sandy  River  at  Farmington,  Maine 340 

Sandy  River  at  mouth,  Maine 650 

Santa  Ana  River  at  Warmsprings,  California 188 

Saquoit  Creek  at  New  York  Mills,New  York 52 

Saquoit  Creek  at  mouth,  New  York 67 

Savannah  River  at  Calhoun  Falls,  Georgia 2,712 

Savannah  River  at  Augusta,  Georg^ia 7,294 

SchoharieCreekatGilboa, New  York.,- _ 808 

Schoharie  Creek  at  Central  Bridge,  New  York. 684 

Schoharie  Creek  at  State  dam  at  Fort  Hunter,  New  York 947 

Schoharie  Creek  at  Schoharie  Falls,  New  York  _ 930 

Schoharie  Creek  at  Mill  Point,  New  York  _ _ _ 984 

Schroon  River  at  foot  of  Schroon  Lake,  New  York 479 

Schroon  River  at  Tumblehead  Falls,  New  York 502 

Schroon  River  at  Warrensburg,  New  York,  gaging  station , .  568 

Schroon  River  at  mouth.  New  York 550 

Scioto  River  at  Kenton,  Ohio 153 

Scioto  River  at  Columbus,  Ohio. _ 1, 070 

Scioto  River  at  Shadeville.  Ohio,  including  Olentangy  River  (523) 1 ,  670 

Scioto  River  at  mouth,  Ohio _ 6,432 
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Sebago  Lake  near  outlet,  Maine  _ 470 

Sebasticook  River  at  month,  Maine 1,060 

Seneca  Lake  at  outlet,  New  York - . .  707 

Seneca  River  at  foot  of  Seneca  Lake,  New  York 707 

Seneca  River  at  Waterloo,  New  York 745 

Seneca  River  at  Seneca  Falls,  New  York  . . 771 

Seneca  River  at  entrance  to  Caynga  Lake,  New  York 780 

Seneca  River  below  Caynga  Lake,  New  York 1,59J 

Seneca  River  at  Montezuma,  New  York _  _ 2, 473 

Seneca  River  at  Bald winsville.  New  York 3, 103 

Seneca  River  at  j  unction  with  Oneida  River,  New  York 3, 433 

Sevier  River  at  Gunnison,  Utah 3,986 

Sevier  River  at  Leamington,  Utah  . . 5,595 

Shenandoah  River,  North  Fork,  at  Brocks  Gap,  Virginia _• 215 

Shenandoah  River,  North  Fork,  at  Mount  Jackson,  Virginia 511 

Shenandoah  River,  North  Fork,  at  Riverton,  Virginia  . 1, 037 

Shenandoah  River,  South  Fork,  at  Port  Republic,  Virginia,  including  Mid- 
dle River  at  junction  with  North  River  (363), North  River  at  junction 
with  Middle  River  (418), North  River  at  junction  with  South  River 

(804),SouthRiverat  junction  with  North  River  (240) 1,050 

Shenandoah  River,  South  Branch,  at  Shenandoah,  Virginia 1. 288 

Shenandoah  River,  South  Branch,  at  Overall,  Virginia 1 ,  491 

Shenandoah  River,  South  Branch,  at  mouth  at  Riverton,  Virginia 1, 587 

Shenandoah  River,  South  Branch,  at    Front   Royal,  Virginia,  gaging 

station _ 1,569 

Shenandoah  River  at  Riverton,  Virginia,  including  North  Fork  (1,037) 

and  South  Fork  (1.587) 2.624 

Shenandoah  River  at  Millville.  West  Virginia 2, 995 

Shenandoah  River  at  mouth.  Harpers  Ferry,  West  Virginia 3, 009 

Shoshone  River,  South  Fork,  at  Marquette,  Wyoming 500 

Shoshone  River  at  Corbett,  Wyoming  _ _ 1, 718 

Shoshone  River  at  Lovell,  Wyoming  2, 720 

Shut-in  Creek  (tributary  of  French  Broad  River)  at  ford  on  Hot  Springfs- 

Point  Rock  road.  North  Carolina j..:.. 9 

Silver  Creek  (tributary  of  Catawba  River)  near  mouth.  North  Carolina..  63 

Silver  Lake  (tributary  of  Genesee  River)  at  mouth.  New  York 30 

Sinking  Creek,   or  Beidlemans  Creek  (tributary  of  Holston  River)  at 

mouth.  Tennessee 25 

Sinking  Creek  (tributary  of  Watauga  River)  at  lower  ford,  Tennessee. . .  12 

Skaneateles  Lake  at  outlet.  New  York    73 

Smoky  Hill  River  at  Ellsworth,  Kansas,  including  drainage  in  Colorado 

(1,533)  and  Kansas  (6,447) . 7.9^ 

Smoky  Hill  River  below  EUs worth,  Kansas,  exclusive  of  Saline  and  Solo- 
mon rivers -- 2,255 

Smoky  Hill  River  at  mouth,  Junction,  Kansas 20,428 

Snake  River,  North  Fork,  at  Ferry,  Idaho 931 

Snake  River  at  Idaho  Falls,  Idaho   10,100 

Snake  River  at  Montgomery  Ferry,  Idaho 22,600 

Snake  River  in  Idaho 73,500 

Snake  River  in  Nevada ^ 5,280 

Snake  River  in  Oregon , 17, 950 

Snake  River  in  Washington 6,682 

Snake  River  in  Wyoming 5,268 

10?5,6SO 
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Soleduck  River  at  Qnillaynte,  Washington 272 

Solomon  River  at  Beloit,  £[ansa8 .. .     5,539 

Solomon  River  at  Niles,  Kansas 6,815 

Solomon  River  at  month,  Kansas 6,882 

Soath  River  at  Port  Republic,  Virginia 1,050 

South  (of  Janies)  River  at  month,  Virginia 116 

South  Boulder  Creek  at  South  Boulder  Canyon,  near  Marshall,  Colorado.  125 

South  Branch  or  Fork  of  any  river,  aee  the  river. 

South  Indian  Creek  (tributary  of  Nolichucky  River)  at  mouth,  near  Erwin, 

Tennessee 85 

South  Platte  River  at  Lake  Cheesman,  Colorado,  gaging  station 1, 677 

South  Platte  River  at  Deansbury,  Colorado  . .   ' 2,600 

South  Platte  River  at  Platte  Canyon,  Colorado 2,630 

South  Platte  River  at  Denver,  Colorado,  including  Bear  Creek  at  Morrison 

(i:0) 3,840 

South  Platte  River  at  Greeley,  Colorado,  above  mouth  of  Cache  la  Pondre 

River 7,110 

South  Platte  River  below  Greeley,  Colorado 9,575 

South  Platte  River  at  Orchard,  Colorado 12,260 

South  Platte  River  at  mouth,  North  Platte,  Nebraska 23, 294 

South  Toe  River  (tributary  of  Nolichucky  River)  at  ford  on  Micaville- 

Sprucepine  road.  North  Carolina ' 59 

South  Toe  River  (tributary  of  Nolichucky  River)  1  mile  above  mouth  of 

Three  Fork  Creek,  North  Carolina 19 

Spanish  Fork  in  canyon  near  Spanish  Fork,  Utah 670 

Spokane  River  at  Spokane,  Washington 4,005 

Spring  Creek  (tributary  of  French  Broad  River)  at  Hot  Springs,  North 

Carolina 78 

Spring  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 16 

Squirrel  Creek  (tributary  of  Nolichucky  River)  at  moath,  North  Carolina.  5 

Staley  Creek  (tributary  of  Holston  River)  at  Marion,  Virginia 12 

Stanislaus  River  at  Oakdale,  California 1, 051 

Staunton  River  at  Clarksville,  Virginia 3, 546 

Steamboat  Creek  at  Steamboat  Springs,  Nevada    40 

Stony  Creek  (tributary  of  Sacandaga  River)  at  month.  New  York 212 

Stony  Creek  (tributary  of  Watauga  River)  one-half  mile  above  mouth, 

Tennessee --. 49 

Strawberry  Creek  (tributary  of  Duchesne  River)  at  mouth,  Utah 1, 166 

Sugar  River  ( tributary  of  Black  River)  at  mouth,  New  York _  66 

Sun  River  at  Augusta,  Montana 1,175 

Susquehanna  River,  West  Branch,  at  AUenwood,  Pennsylvania. 6, 538 

Susquehanna  River,  West  Branch,  at  mouth,  Pennsylvania 7, 027 

Susquehanna  River  above  mouth  of  Oak  Creek,  New  York 97 

Susquehanna  River  below  mouth  of  Oak  Creek,  New  York 212 

Susquehanna  River  below  mouth  of  Unadilla  River,  New  York 1, 638 

Susquehanna  River  at  Nineveh,  New  York 1, 789 

Susquehanna  River  at  Sn p  uehanna.  New  York 2, 024 

Susquehanna  River  at  BiimiDgham,  New  York 2, 279 

Susquehanna  River  above  mouth  of  Chemung  River,  New  York.  4, 945 

busqnehanna  River  at  Pennsylvania-New  York  State  line 6, 267 

Susquehanna  River  below  mouth  of  Chemung  River,  Pennsylvania 7, 463 

Susquehanna  River  at  Wilkesbarre,  Pennsylvania 9, 810 

Susquehanna  River  at  Danville,  Pennsylvania  ... 11, 070 

Susquehanna  River  above  confluence  with  West  Branch,  Pennsylvania..  11, 142 
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Snsqnehanna  River  at  Harrisburg,  Pennsylyania.  _ 34, 030 

Snsqaehanna  River  at  mouth,  Pennsylvania ..-  27,4(fe 

Swannanoa  River,  North  Fork,  at  bridge  3  miles  above  Swannanoa  post- 
office,  North  Carolina - 30 

Swannanoa  River  (tributary  of  French  Broad  River)  at  Biltmore,  North 

Carolina 1 - 134 

Sweetwater  River  at  month,  Wyoming 2,929 

Sweetwater  River  at  Sweetwater  dam,  California 186 

Tahoe  Lake  at  outlet,  California  (water  surface  198  square  miles) 502 

Talladega  Creek  at  Nottingham,  Alabama 156 

Tallapoosa  River  at  Sturdevant,  Alabama 2,500 

Tallapoosa  River  at  Susanna,  Alabama 2,610 

Tallapoosa  River  at  Milstead,  Alabama _ 3, 840 

Tallulah  River  at  Tallulah  Falls,  <3^eorgia 191 

Tar  River  at  Tarboro,  North  Carolina >   2,290 

Tanghanic  Creek  (tributary  of  Cayuga  Lake)  at  mouth,  New  York 60 

Tehachapi  Creek  (tributary  of  Caliente  Creek) ,  California _ 108 

Tejon  House  Creek  at  Tejon  ranch,  California 17 

Tennessee  Fork  of  Arkansas  River  near  LeadviUe,  Colorado 44 

Tennessee  River  at  Chattanooga,  Tennessee 21, 418 

Tennessee  River  at  confluence  of  Broad  and  Holston  rivers,  at  Knoxville, 

Tennessee   8,924 

Tennessee  River  at  Knoxville,  Tennessee 8,990 

Teton  River  at  Wilford,  Idaho 967 

Thomas  Creek  (tributary  of  Holston  River)  at  mouth,  Tennessee 11 

Thornapple  River  (tributary  of  Grand  River)  at  mouth,  Michigan 824 

Threetop  Creek  (tributary  of  New  River)  on  footbridge  at  Creston, North 

Carolina -  24 

Thunder  Bay  River,  North  Branch,  above  mouth,  Michigan 199 

Thunder  Bay  River,  South  Branch,  above  mouth,  Michigan 454 

Thunder  Bay  River  above  mouth  of  North  Branch,  Michigan  _ 580 

Thunder  Bay  River  above  mouth  of  South  Branch,  Michig^an 789 

Thunder  Bay  River  at  Alpena,  Michigan 1,267 

Tioga  River  above  mouth  of  Canist«o  River,  New  York 750 

Tioga  River  (tributary  of  Susquehanna  River)  at  mouth.  New  York. 1, 530 

Tioughnioga  River,  West  Branch,  at  mouth.  New  York 103 

Tioughnioga  River,  East  Branch,  at  mouth,  New  York 164 

Tioughnioga  River  (tributary  of  Susquehanna  River)  above  mouth  of 

Atselic  River,  New  York _ 4!^ 

Tioughnioga  River  (tributary  of  Susquehanna  River)  at  mouth.  New 

York 735 

Tongue  River  at  Milea  City,  Montana 3, 875 

Town  Creek  (tributary  of  Watauga  River)  at  Shoun  crossroads,  Tennessee.  19 
Three  Fork  Creek  (tributary  of  Nolichucky  River)  i  mile  above  mouth, 

North  Carolina 5 

Thompson  Creek  near  Loveland,  Colorado 305 

Toccoa  River  at  Blueridge,  Georgia ;.. 231 

Toe  River  (tributary  of  Nolichucky  River)  at  Huntdale,  North  Carolina.  438 

Tohickon  Creek  at  Point  Pleasant,  Pennsylvania 1, 022 

Towaliga  River  at  mouth,  Juliette,  G^eo^gia 330 

Truckee  River,  Upper,  at  inlet  to  Lake  Tahoe,  California 59 

Truckee  River  at  Tahoe,  California _.  502 

Truckee  River  at  California-Nevada  State  line 955 

Truckee  River  at  mouth  of  Little  Truckee  River  at  Boca,  California 869 
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Truckee  River  near  Essex,  Nevada 991 

Tmckee  River  near  Langhtons,  Nevada 1, 014 

Truckee  River  at  Vista,  Nevada 1,435 

Tnckasegee  Ri  ver  3  miles  above  Bryson,  North  Carolina (K)9 

Tnckaaegee  River  at  Bryson,  North  Carolina 662 

Tncker  Creek  (tributary  of  French  Broad  River)  200  yards  above  month. 

North  Carolina 6 

Tngaloo  River  at  Madison,  South  Carolina 593 

Tnle  River  above  Portersville,  Calif ornia 437 

Turkey  Creek  (tributary  of  French  Broad  River)  at  Blackwell  Springs, 

North  Carolina 28 

Turkey  Cove  Creek  (tributary  of  Catawba  River)  i  mile  above  mouth, 

North  Carolina 31 

Tuscarora  Creek  (tributary  of  Susquehanna  River)  at  month,  New  York.  120 

Tuolumne  River  at  Lagrange,  California 1, 501 

Tuolumne  River  at  Modesto,  California 1, 635 

Uinta  River  at  the  canyon,  Utah 218 

Uinta  River  at  Fort  Duchesne,  Utah 672 

Uinta  River  at  Ouray  School,  Utah 967 

Umatilla  River  at  Gibbon,  Oregon 853 

Umatilla  River  at  Pendleton,  Oregon 640 

Umbagog  Outlet  immediately  above  junction  with  Magalloway  River, 

Maine 760 

Unadilla  River  (tributary  of  Susquehanna  River)  at  mouth.  New  York  . .  561 

Uncompahgre  River  at  Fort  Oawford,  Colorado 497 

Uncompahgre  River  at  Montrose,  Colorado 565 

Upper  Creek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina.  85 

Upper  Black  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York- . .  39 
Upper  Laurel  Creek  (tributary  of  Watauga  River)  at  mouth,  North 

Carolina 7 

Upper  Truckee  River  at  inlet  to  Lake  Tahoe,  California 59 

Valley  River  at  Philippi,  West  Virginia 620 

Van  Campens  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York..  66 

Vandemarck  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York. . .  22 

Verde  River  near  Fort  McDowell,  Arizona '. 6,000 

Verde  River  1  mile  above  Salt  River,  Arizona   6, 000 

Verdigris  River  at  McTaggart's  mills,  Kansas 8, 067 

Walker  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 13 

Walla  walla  River  at  Whitman,  Washington    _ 310 

Wallkill  River  at  New  Jersey-New  York  State  line   210 

Walnut  Creek  (tributary  of  French  Broad  River)  at  mouth.  North  Caro- 
lina  17 

Watauga  River  at  Elizabeth  ton,  Tennessee 408 

Watauga  River  at  Butler,  Tennessee 261 

Watauga  River  at  Watauga  Falls,  North  Carolina  — 96 

Watauga  River  1  mile  above  Shull's  mill,  North  Carolina 12 

Watauga  River,  Boone  Fork,  at  Shall 's  mill,  North  Carolina 9 

Weber  River  at  Uinta,  Utah : 1,600 

Weiser  River  at  Weiser,  Idaho _ 1, 670 

Wenache  River  7  miles  above  Wenache,  Washington 1, 527 

West  Branch  of  any  river,  see  the  river. 

West  Canada  Creek  at  Twin  Rock  Bridge,New  York 252 

West  Canada  Creek  at  Trenton  Falls,  New  York 375 

West  Canada  Creek  at  Middleville,  New  York,  gaging  station 518 
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West  Canada  Creek  at  Herkimer,  New  York 1 548 

West  Canada  Creek  at  mouth,  New  York 569 

West  Fork  of  any  river,  see  the  river. 

West  Gallatin  River  at  Williams's  ranch,  Montana 860 

White  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York . .  _ 16 

Whiteoak  Creek  (tributary  of  South  Fork  of  Toe  River)  at  mouth,  North 

Carolina 1 3 

Whiteoak  Creek  (tributary  of  North  Fork  of  Toe  River)  at  mouth,  North 

Carolina 4 

Whiterocks  River  (tributary  of  Duchesne  River)  at  canyon,  Utah 114 

White  River  at  city  of  Whiteriver,  Colorado 1,773 

White  River  at  Crawford,  Nebraska 270 

White  River  at  Buckley,  Washington 450 

Whitetop  Creek  (tributary  of  HolBton  River)  at  mouth,  Virginia 66 

Wilsons  Creek  (tributary  of  Catawba  River)  at  mouth, North  Carolina..  70 

Wilsons  Creek  (tributary  of  New  River)  2  miles  above  mouth,  Virginia. .  37 

Wiscoy  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York 109 

Wissahickon  Creek  near  Philadelphia, Pennsylvania 65 

Wolf  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia •         28 

Wolf  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 19 

Wood  River  at  Hailey, Idaho _.  906 

Wood  River  at  Toponis, Idaho 2,190 

Yadkin  River  at  second  ford  below  Patterson's  mUl,  North  Carolina 86 

Yadkin  River  at  Wilkesboro,  North  Carolina _ .  272 

Yadkin  River  at  Siloam,North  Carolina 1,219 

Yadkin  River  at  Salisbury,  or  Holtsburg,  North  Carolina 8, 399 

Yadkin  River  at  Norwood,  North  Carolina 4, 614 

Yakima  River  at  Union  Gap,  Washington _._  3,300 

Yakima  River  at  Selah,  Washington 1,960 

Yakima  River  at  Kiona,  Washington 5,230 

Yellow  River  at  Almon,  G^orgfia 379 

Yellowstone  River  at  Horr,Montana - .  _: 2,635 

Yellowstone  River  at  Livingston,  Montana 3, 580 

Yellowstone  River  in  Montana 36,312 

YellowstoneTliver  in  North  Dakota 250 

Yellowstone  River  in  Wyoming 33,121 

69,683 

Youghiogheny  River  at  Friendsville,  Maryland 295 

Youghiogheny  River  at  Confluence,  Pennsylvania 783 

Youghiogheny  River  at  West  Newton,  Pennsylvania i 1, 553 

Yuba  River,  Middle  Fork,  at  Freeman's  bridge,  North  San  Juan,  Cali- 
fornia   205 

Yuba  River,  North  Fork,  at  Yuba  Power  Company's  dam.  North  San 

Juan,  California.. 483 

Yuba  River  at  Parks  Bar  bridge,  Smartville,  California 1,211 

Yukon  River  in  Canada 150,768 

Yukon  River  in  United  States 180,144 

330, 912 
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Alabama  River   at   Montgomery,  Ala., 
measurements  and  gage  heights 

of 168-169 

Alabama  River  at  Selma,  Ala.,  measure- 
ments and  gage  heights  of 169-170 

Albany,  Qa.,  hydrographic  work  at 156-157 

Alcovy  River,  Oa.,  measurements  of 207 

Alder  Creek,  Cal. ,  measurements  of 405 

Alderson,  W.  Va.,   hydrographic  work 

at 178-179 

rating  table  for 515 

Alexander  City ,  Ala.,  hydrographic  work 

near 172-173 

Allen  wood.  Pa.,  hydrographic  work  at.  111-112 

rating  table  for 511 

Almon,  Ga.,  hydrographic  work  at 153-154 

rating  table  for 513 

Alston,  S.  C,  hydrographic  work  near.  146-147 

rating  table  for 512 

American  Fork,  Utah,  discharge  meas- 
urements of  499 

division  of  waters  of 417-418 

features  of,  and  irrigation  from.  499,504-505 
American   Fork  near   American   Fork, 
Utah,    measurements   and    gage 

heights  of 417-419 

American  River,  CaL,  measurements  of, 

miscellaneous 480 

Amicalola  River,  Ga.,  measurement  of . . .      208 
Amity  canal  head  gates,  Colo.,  stream 

measurements  at 329 

Anderson,  L.  W.,  stream  gagings  pro- 
posed by 246 

Anderson  Creek,  Ga.,  measurement  of . . .     209 
Androscoggin  River  at  Rumford  Falls, 

Me.,  discharge  of  (daily),  1900 31-32 

Animas  River  at  Durango,  Colo.,  meas- 
urements and  gage  heights  of . .  383-384 
rating  table  for 520 
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Ant  Creek,  Cal., measurement  of 461 

Antietam  Creek  near  Sharx>8burg,  Md., 
measurements  and  gage  heights 

of 117-118 

rating  table  for 511 

Appalachee  River,  Ga. ,  measurement  of .      207 
Appomattox  River  at  Mattoax.Va.,  meas- 
urements and  gage  heights  of . .  126-127 

Ararat  River.  N.  C. ,  measurements  of 204 

Arizona,  hydrographic  work  in 385^-387 

rating  tables  for  streams  in 520 

sediment  in  streams  in,  methods  of 

measuring 15-18 

Arkansas  River,  features  of 31^-320 

Arkansas  River   at  Amity  canal  head 

gates,  Colo. ,  measurement  of 329 

Arkansas  River  near  Canyon,  Cola,  meas- 
urements and  gage  heights  of  ..  323-324 

,         rating  table  for 518 

Arkansas  River  near  Granada,  Colo. ,  gage 

heights  of 329 

Arkansas   River  at  Hutchinson,  Eans., 
measurements  and  gage  heights 

of 330 

rating  table  for 518 

Arkansas    River    near    Nei>esta,    Colo., 
measurements  and  gage  heights 

of 326-827 

rating  table  for 518 

Arkansas  River  at  Prowers,  Colo.,  meas- 
urements and  gage  heights  of 328 

Arkansas  River  at  Pueblo,  Colo.,  meas- 
urements and  gage  heights  of  . .  325-326 

rating  table  for 518 

Arkansas  River  near  Rockyford,  Colo., 

gage  heights  of 327 

Arkansas  River  at  Salida,  Colo.,  measure- 
ments and  gage  heights  of 332-323 

rating  table  for 518 

Arkins,  Cola ,  hydrographic  work  near.  290-291 

rating  table  for .517 

Arlingrton,    Nebr.,    hydrographic  work 

at 809-310 

Arnold,  S. .  acknowledgments  to 10 

stream  measurements  by 440, 

441,442,443,444.446 
Arququah  Creek,  Ga.,  measurement  of..  217 
Arroyo  Seco,  Cal. ,  measurements  of.  454. 471, 487 
Ash  Creek,East,Nebr.,measurements  of.  310 
Ash  Creek,  We8t,Nebr.  ,mea8urement8  of.     310 

649 
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Ashevllle,  N .  C. ,  hydrographic  work  near .    186 

rating  table  for ^ 516 

Ashley  Creek  near  Vernal,  Utah,  canals 
diverting  water  from,  measure- 

mentsof 388 

measurements  and  gage  heights  of.  968-309 

rating  table  for 519 

Astronga  Bridge,  N.Y.,  stream  measure- 
ments at 39,59 

Atcheson  Creek,  Tenn. ,  measurement  of .     214 
Augusta,  Ga. ,  hydrographic  work  at. . .  150-161 

rating  table  for 518 

Augusta,  Me. ,  hydrographic  work  near . .       31 
Augusta  Creek,  Mich. ,  water  power  on . . .     258 

Austin,  J., aid  by 181 

Austin,  Tex.,  dam  at,  features  of 836-337 

hydrographic  work  at 336-338 

Avery  Creek,  N.  C. ,  measurement  of 211 

Axial  River,  Colo. ,  measurements  of 375 

Azusa,  Cal.,  hydrographic  work  at  and 

near 47£r475 


B. 


Babb,  C.  C,  gaging  stations  established 

by 116,127,128 

178, 186, 267, 869,373, 385, 415, 417, 419, 438 

stream  measurements  by 338, 

340, 812, 343, 344, 368, 415, 416, 418 
Badger  Creek,  Mont.,  measurement  of .. .  209 
Bailey  Creek,  Mich. ,  water  of,  analysis  of.     241 

Baker,  F.,  aid  by 38 

Baker,  J.  S. ,  report  by,  on  irrigation  in 

Utah  Valley,  Utah 496-509 

Bakers  Creek,  Tenn. ,  measurement  of  . . .     218 
Bakersfield,    Cal.,    hydrographic    work 

near 462-463 

Bald  Creek,  N.  C,  measurements  of 214 

Bald  Mountain,  Cal.,  creek  south  of,  meas- 
urement of  461 

Bald  Mountain  Creek,  N.  C,  measure- 

mentsof 214 

Bald  wins  ville,  N.  Y.,  gaging  station  at, 

data  regarding .'...       38 

hydrographic  work  at 222-223 

stream  measurement  at 38 

Ball  Play  Creek.  Tenn.,  measurement  of.     217 
Bannister,  B.  R.,  acknowledgments  to...      329 

Barber,  Miss  B.,  aid  by 287 

Bartlett  Creek,  Cal. ,  measurement  of 453 

Barton  Springs,  Tex. ,  measurements  of . .     338 

Basin  Creek,  Cal.,  measurement  of 462 

Battlecroek,  Idaho,  hydrographic  work 

at 409-410 

rating  table  for 521 

Battle  Creek,  Mich.,  water  i>owers  on 258 

Battle  Creek.  S.  Dak.,  measurements  of. .      272 

Bayless,  B..  aid  by 185 

Beach,  C.  W. ,  stream  measurements  by . .    320, 

321,335,336,328 

Bear  Creek,  Cal. ,  measurement  of 453 

Bear  Creek,  Colo. ,  measurements  of 304 

seepage  on 304 

Bear  Creek  near  Morrison,  Colo.,  meas- 
urements and  gage  heights  of  . .  284-285 
rating  table  for 517 
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Bear  Creek,  N.  C,  measurements  of 213 

Bear  Creek,  Va. ,  measurements  of 215 

Bear  River,  Cal. ,  measurement  of 480 

Bear  River  at  Battlecreek,  Idaho,  meas- 
urements and  gage  heights  of . .  400-410 

rating  table  for 521 

Bear  River  near  Colllnston,  Utah,  meas- 
urements and  gage  heights  of..  413-414 

rating  table  for fia 

Beaver  Creek,  Nebr. ,  measurements  of  . .  310 
Beaver  Creek,  N.  C,  measurements  of  .  210,212 

Beaver  Creek,  Wyo. ,  measurements  of . . .  272 

Beaver  River,  N.  Y. ,  features  of 235-236 

Beaver  Dam  Creek,  N.C.,  measurements 

of 212,216 

Beaver  Dam  Creek,  Va.,  measurements  of.  214 

Beech  Creek,  N.  C. ,  measurements  of 21^ 

Begg8,G.,aidby 271 

Bell  Creek,  Oa.,  measurement  of 217 

Jtonnett,  8.  G. ,  stream  measurements  by .  484 

Betts,H.B.,aidby 38 

BI9 Creek,  Ga., measurements  of 207,218 

Big  Creek,  Mont. ,  measurement  of 435 

Big  Creek,  N.  C. ,  measurements  of 214 

Big  Amicalola  Creek,  Ga.,  measurement 

of 208 

Big  Blue  River,  Nebr. ,  measurements  of.  310 
Big  Bugaboo  Creek,  N.  C,  measurements 

•  of sOi 

Big  Cottonwood  Creek  near  Salt  Lake, 

Utah,  discharge  of  (daily) 422-423 

Big  Dry  Run,  N.  C,  measurement  of 216 

Big  Elkin  River,  N.  C,  measurements  of.  204 
Bighorn  River  near  Thermopolis,  Wyo., 
measurements  and  gage  heights 

of 20B 

rating  table  for 516 

Big  Ivy  River,  N.  C,  measurements  of..  212 

Big  Laurel  Creek,  N.  C. ,  measurements  of .  210 

Big  Oil  Creek,  Wyo. ,  measurements  of . .  272 
Big  Pigeon  River,  Tenn,,  measurement 

of 217 

Big  Pine  Creek,  N.  C,  measurements  of.  212 

Big  Rock  Creek,  N.  C. ,  measurements  of.  213 
Big  Sandy  Creek  near  Dade  ville,  Ala., 
measuremento  and  gage  heists 

of 174 

rating  table  for 514 

Big  Sioux  River  near  Sioux  Falls,  S. 
Dak.,    measurement    and    gage 

heights  of * 271 

Big  Sioux  River  near  Watertown,  S. 
Dak.,  gaging  station  on,  descrip- 
tion of  .' 270 

measurements  and  gage  heights  of.  370-271 
Big  Spring  Creek,  Tenn.,  measurement 

of 217 

Big  Thompson  Creek,  Colo.,  measure- 
ments of,  miscellaneous 306 

..eepage  on 9Q6 

Big  Thompson  Creek  near  Ar kins,  Colo., 
measurements  and  gage  heighta 

of aB(X-2»l 

rating  table  for 517 

Big  Turniptown  Creek,  Ga.,  measure- 
ment of 
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Bijoa  Irrigation  Co.,  reservoir  projects 

of 279 

Bircb  Creek,  Mont. ,  measurements  of SOO 

Bird  Creek,  Tenn.,  measurement  of 217 

Birge,D.  L.,aidby 828 

Bitterroot    River    at    Mlasoola,   Mont., 
meaanrements  and  gage  heights 

of — .  488-434 

rating  taUa  for 622 

Black  Riyer,  N.  T.,  measnremenlB  of, 

mlfloellaneoos 39 

water  powers  of 287 

Black  River  at  Hnnttngtonville  dam. 
N.    T.,    discharge     of     (daily), 

1897-1900 28ft-28» 

gaging  station  on,  data  regarding  —       38 

measurement  of 286 

volume  of,  maximum 287 

Blaekfoot  River  near    Bonner,    Mont., 
measurements  and  gage  heights 

of 4aM81 

rating  table  for 522 

Black  Pork  of  Oreen  River  near  Granger, 
Wyo.,  measurements  and    gage 

heights  of 887 

rating  table  for 619 

Blacksmith  Fork  at  Hyrum,  Utah,  meas- 
urements and  gage  heights  of . .  412-413 

rating  table  for 621 

Black  Warrior  River  near  Cordova,  Ala., 
measurement  and  gage  heights 

of 171-172 

Black  Warrior  River  at  Tuscaloosa,  Ala., 

gage  heights  of 170-171 

ratiniiT  table  for 514 

Blanco  River,  Tex.,  measurement  of...  888-338 
Blevina  Creek,  N.  C,  measurement  of . ..     C16 

Bloes,  B.  P.,  acknowledgments  to 77 

Blue  Creek,  Ala., measurement  of 210 

Blue  Creek,  Nebr. ,  measurement  of 810 

Blue  River  near  Manhattan,  Kans.,  meas- 
urements and  gage  heights  of  ..  817-318 

rating  table  for 518 

Blueridff e,  QtL. ,  hydrographlc  work  near .     196 

ratingr  table  for 515 

Bluff  City,  Tenn. , hydrographlc  work  at.  18^-183 
Board  of  public  works,  Qrand  Rapids, 

Mich.,  cited 241 

Boardtown  Creek,  (}a.,  measurement  of .  209 
Board  Tree  Creek,  Qa.,  measurement  of. .  208 
Boise,  Idaho,  hydrographlc  work  near .  427-428 

rating  table  for  622 

Boise    River,  Idaho,  measurements  of, 

xniacellaneous 429 

Boise  River  near  Boise,  Idaho,  measure- 
ments and  gage  heights  of 427  -428 

ratinfiT  table  for 622 

Boise  Valley,  Idaho,  discharge  measure- 
ments in,  miscellaneous 428-429 

tiond,  ES.  A.. ,  acknowledgments  to 37 

reference  to 42 

Sonner,      Mont.,     hydrographlc     work 

near 430-431 

rating  table  for 622 

3oone   Fork  of  Watauga  River,  N.  C, 

measurements  of 215 


Page. 
BoonvlUe,  N.  Y.,  measurements  on  Erie 

Canal  at 21-28 

Booth,  A.  L. ,  stream  measurements  by . . .      500 

Boright,  W.  P.,  work  of,  in  connection 

with  investigations  to  determine 

flow,  seepage,  and  evaporation  of 

New  York  State  canals  and  feeders       18 

Boulder,    Colo.,     hydrographlc      work 

near 287-288 

rating  table  for 517 

Booider  Creek,  Colo. ,  measurements  of . .      304 

seepageon 304 

Boulder  Creek  near  Boulder,  Colo.,  meas- 
urements and  gage  heights  of  . .  287-288 

rating  table  for  , 517 

Bowlen  Creek,  N.  C. ,  measurements  of. . .     214 

Boyer,  H.M.,aidby 188 

Boylston  Creek,  N.  C. ,  measurement  of . . .     211 
Bozeman,    Mont.,    hydrographlc  work 

near 281-288 

rating  tablefor 616 

Brady, T.M., aid  by 178 

Branch,  L.  V. ,  stream  measurements  by . .    182, 

183,184,185,187,188.205, 
211,  21i?,  218,  214,215,210 

Brannock,C.,aldby 8S 

Brasstown  Creek,  Ga. ,  measurement  of . .     217 

Braun.J.A.,aid  by sag 

Brazos  River  at  Waco,  Tex.,  measure- 
ments and  gage  heights  of 333^334 

Briar  Creek,  Oa.,  and  tributary,  measure- 
ments of 2Q0 

Bridgeport,  N.  Y.,  gaging  station  at,  data 

regarding 88 

hydrographlc  work  at 223-226 

stream  measurement  at 39 

Bridges,  W.N., aid  by ig* 

Brldgewater,  N.  C,  hydrographlc  work 

near 142 

Broad  River,  N.C.,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween          14 

flood  of ,  maximum,  in  1887 16 

BrocMl  River  near  Alston,  S.  C,  measure- 
ments and  gage  heights  of 148-147 

rating  tablefor 512 

volume  of,  maximum  and  minimum . .      146 
Broad  River  near  Carlton,  Ga.,  measure- 
ments and  gage  heights  of 151-162 

rating  tablefor 513 

Broad  River  at  Delllnger,  S.  C,  measure- 
ment and  gage  heights  of 146-146 

Broad  River  at  Gaffney,   S.  C,  gaging 

station  on,  description  of 146 

Broad  River  (of  the  CaroUnas)  and  tribu- 
taries, measurements  of,  miscel- 
laneous  205-206 

Broad  River  (of  Georgia)  and  tributaries, 

measurements  of,  mtBcellaneous  .      207 
Brodheads  Bridge,  N.  Y.,  stream  meas- 

urementat 36 

Brown,  C.  N., acknowledgments  to 218, 219 

Brown, D., aid  by 38 

Brown  Creek,  N.  C. ,  measurements  of 213 

Bruneau  River  near  Grandview,  Idaho, 

gage  heights  of 426-427 
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Bmsh  Creek,  Cal.,  measurement  of 461 

Brush  Creek,  N.  C. ,  measurements  of  213 

Brush  Creek,  Tenn. ,  measurements  of  . . .     216 
Brushy  Fork  of  Cove  Creek,  N.  C,  meas- 
urement of  216 

Bryson,  N.  C,  hydrographic  work  at. . .  188-188 

rating  table  for 616 

Buchanan,  Va. ,  hydrographic  work  at 128 

rating  table  for 512 

Buck  Creek,  Mich.,  water  powers  on  . . .  247, 249 

Buck  Creek,  N.  C. ,  measurements  of 204 

Buckley,    Wash.,    hydrographic    work 

near 445-446 

Buffalo,  Wyo. ,  hydrographic  work  near . .  270 
Buffalo  Creek,  Nebr. ,  measurement  of . . .  910 
Buffalo  Creek,  K.  C. ,  measurements  of .  205, 210 
Buffalo  Creek,  Tenn. ,  measurements  of  . .  216 
Bull  Run  Creek,  CaL ,  measurement  of . . .  461 
Bunker,  O.  W. ,  acknowledgments  to 242 

stream  measurements  by 245,346 

Burrows,  T.  J., aid  by 826 

Butler,  Tenn.,  hydrographic  work  at  . .  183, 184 
Butternut  Creek,  Qa. ,  measurement  of  . .  217 
Buzzard  Flopper  Creek,  Ga.,  measure- 

mentof 208 

Byars  Creek,  Va. ,  measurements  of 215 


C. 


Cache  Creek,  CaL,  measurements  of . . .  453, 480 
Cache  la  Poudre  River,  Colo.,  measure- 
ments of ,  miscellaneous 306 

seepage  along 300,306 

Cache  la  Poudre  River  near  Fort  Collins, 

Colo.,  discharge  of  (daily) 291-2S2 

Calaveras  Creek,  Cal.,  measurements  of.     480 
Cttlhoun  Falls,  S.  C,  hydrographic  work 

near 149-150 

rating  table  for 513 

California,  hydrographic  work  in 400-401, 

402-408, 405. 407-409. 450-487 
precipitation  on  mountains  in  south- 
em  partof  496-496 

pumping  plants  in  southern  part  of. .    487, 

497-ti)6 

rating  tables  for  streams  in 520,521,623 

stream  measurements  in,  miscellane- 
ous   .  405, 453, 461-462, 48&485 

wells  in  southern  part  of,  construc- 
tion of  497-498 

Calowa  River  near  Forks,  Wash.,  meas- 
urements and  gage  heights  of..  448-449 

rating  table  for 523 

Camp  Clarke,  Nebr.,  hydrographic  work 

at 276-277 

Camp  Creek,  Oa.,  measurement  of 217 

Canal  dredge,  description  of 508 

Canals  and  feeders,  iwssage  of  water  in.       19 
Canals  and  feeders  of  New  York  State, 
discharge  measurements  of,  tests 

to  determine  accuracy  of 18-29 

Cane  Branch,  N.  C,  measurements  of...     213 

Cane  Creek,  Oa.,  measurements  of 208 

Cane  Creek,  N.  C,  measurements  of 206, 

206,218 
Cane  Creek,  Tenn.,  measurement  of 217 


I  Pi«e. 

I  Caney  Creek,  N.  C,  measurement  of 211 

I  Caney  River,  N.  C,  measurements  of S13 

I  Canton,Ga.,hydrographioworkat l(Ki-m 

I         rating  table  for 5U 

Canyon,  Colo. ,  hydrographic  work  near .  333-334 

rating  tables  for 517,518 

Canyon  City  ditch,  Colo.,  measurements 

of K4 

Cape  Fear  River,  N.  C,  drainage  area, 
horsepower,  and  fall  of^  relation 

between U 

floods  of ,  maximum 15 

Cape  Fear  River  at  Fayetteville.  N.  C, 
measurements  and  gage  heights 

of 137-138 

rating  table  for 512 

volume  of,  maximum  and  minimum. .     13T 

Carder  Creek,  Ga. ,  measurements  of 2i>< 

Carlton ,  Ga. ,  hydrographic  work  near. .  151-13£ 

rating  table  for 513 

Carpenter,  G.  W. ,  acknowledgments  to. . .     270 
Carpenter,  L.  G. .  acknowledgments  to . . .     291 

seepage  investigations  by 330. 346 

Carr,B.A.,aidby 38 

Carson  River  near  Empire,  Nov.,  gage 

heights  of 401 

Carteoay  River.  Ga.,  and  tributary,  meas- 

urementsof 209 

Carter,  J.  C,  aid  by 136 

Carters,  Ga. ,  hydrographic  work  at 161-M2 

rating  table  for 514 

Cartersville,  Va.,    hydrographic    work 

at 128-129 

rating  table  for 512 

Cascade  Creek,  Wyo.,  measurements  of . .      272 
Catawba,N.C.,  hydrographic  work  at.  143-144 
Cattfwba  River.  N.  C,  drainage  area, 
horsepower,  and  fall  of,  relation 

between 14 

efficiency  of ,  1897 14 

flood  of ,  maximum,  1897 15 

Catawba  River  at  Catawba,  N.  C,  meas- 
urements and  gage  heights  of ..  145-144 
Catawba  River  near  Morganton,  N.  C, 

gaging  station  on,  description  of.  140-141 
measurements  and  gage  heights  of  . .     141 
Catawba  River  at  Rockhill.  S.  C,  meas- 
urements and  gage  heights  of . .  144-146 

rating  table  for 512 

Catawba  River,  N.  C,  and  tributaries. 

measurements  of,  miscellaneous  204-2i6 
Cathey  Creek, N.C.,  measurements  of.  2116,211 
Cattail  Branch ,  N.  C. ,  measurements  of . .  213 
CayaduttA  Creek  near  Johnstown,  N.  Y., 

discharge  of  (daily),  189&-1900 58-4n 

gaging  station  on,  data  r^^arding 3h 

Cedar  Creek,  Ga. ,  measuremen t  of 2t]C 

Cedar  Creek,  Va. ,  measurement  of 21S 

Cenicero,  Colo.,  hydrographic  work  at.  3IS-349 

rating  table  for 519 

Centers  Creek,  Ga. ,  measurement  of 217 

Chandler,  A.  E.,  cited 453 

stream  measurements  by 453 

Channel,  W.  A.,  stream  measurements 

by 310.311 

Charles  Creek,  Ga. ,  measurement  of 908 


INDEX. 


553 


Page. 

Charleston, Tenn. ,  bydrographic  work  at.  192 

rating  table  for 515 

Chattahoochee  River  at  Oakdale,  Ga., 
measurements  and  gage  heights 

of 158-150 

rating  table  for 513 

Chattahoochee  River  at  West  Point,  Qa., 
measurements  and  gage  heights 

of loft-lflO 

rating  table  for 614 

Chattahoochee  River,  Ga.,  and  tributa- 
ries, measurements  of,  miscella- 
neous   308 

Chattanoc^a,  Tenn.,  hydrographic  work 

at 195 

rating  table  for 515 

Chattasafkee  Creek,  Ala.,  measurement 

of 310 

Chattoc^a  River,  Ga. ,  measurement  of . . .  306 
Cheat  River  near  Uneva,  W.  Va.,  meas- 
urement and  gage  heights  of 177 

Cherry  Log  Creek,  Ga. ,  measurement  of .  309 
Chestatee  River,  Ga. ,  measurements  of . .  -08 
Cheyenne  River.  S.  Dak.- Wya ,  and  tribu- 
taries, measurements  of,  miscella- 
neous  371-372 

Childers  Creek,  Tenn. ,  measurement  of. .  318 
Chlno  Creek  ac  Rincon,  Cal.,  measure- 

mentsof 478 

Chisholm,J.H.,aidby 172 

Chittenango  Creek,  N.  Y.,  State   dams 

on 333-234 

Chittenango  Creek  at  Bridgeport.  N.Y., 

discharge  of  (daily),  1898-1900...  224-225 

gaging  station  on,  data  regarding 38 

measurements  of 30,233 

Cboestoe  Creek.  Ga. .  measurement  of 317 

Christiana  Creek,  Mich.,  water  powers  on.  355 
Chucky    Valley,    Tenn.,     hydrographic 

worknear 185 

Citico  Creek,  Tenn. ,  measurements  of 217 

City  Creek  near  Salt  Lake,  Utah,  dis- 
charge of  (daily)  420 

Clallam  River,  Wash. ,  measurement  of  . .  450 
Clajn  Lakes,  Mich.,  drainage  area  and 

water  surf  ace  of 251 

Clapp.  W.  B. ,  stream  measurements  by . . .  471 

Clark,  W.  B. ,  acknowledgments  to 9 

Clark  Creek,  Cal. ,  measurement  of 461 

Clear  Creek,  Colo.,  seepage  along 304 

Clear  Creek  at  Forkscreek,  Colo.,  meas- 
urements and  gage  heights  of  ..  385-386 

rating  table  for 517 

CUear  Creek. Ga.,  measurements  of 309 

Clear  Creek,  N .  C. ,  measurements  of 204 

Clear  Creek   near   Buffalo,  Wyo.,  gage 

heights  of 270 

Clinton,  Mass. ,  hydrographic  work  at 33 

Clonegar  Creek,  Ga. ,  measurement  of 209 

Olontz.W.  A.,  aid  by 143 

Cjlontz  Creek,  Ga.,  measurement  of 309 

Clover  and  Middle  creeks,  Cal. ,  measure- 
ment of  453 

Colabosseecontee   River   near  Augusta, 

Me.,  discharge  of  (daily) 31 

Codjn&u,  J.  E., acknowledgments  to . .  81, 98, 109 

IRR  52—01 0 
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Cogbnrns  Creek ,  Ga. ,  measurement  of . . .     308 
Colbert  Creek .  N .  C. ,  measurements  of . . .     213 

Cold  Creek ,  Cal. ,  measurement  of 406 

Cold  water  River,  Mich. .  water  powers  on.  255 
Collinfl,T.S.,gagingstation  established  by.  155 
Collinston,  Utah,   hydrographic  work 

near 413-414 

rating  table  for 531 

Colorado,  hydrographic  work  in 278-279, 

280-292, 319-339, 34fr-349, 37^-385 
rating  tables  for  streams  in.  517, 518, 519, 530 

seepage  in 299-306 

stream  measurements  in,  miscellane- 
ous   800-306 

Colorado  River  at  Austin,  Tex.,  dam  on.  336-337 
measurements  and  gage  heights  of.  337-388 

volume  of 336,337 

Colorado    River  at   Yuma,  Ariz.,  gage 

heights  of 387 

Columbus,  Miss., hydrographic  work  at.  174-175 
Columbus,    Nebr.,   hydrographic    work 

near 306-308 

Columbus,  Ohio,  hydrographic  work  at .  318-220 

rating  tables  for 515 

Comal  River,  Tex. ,  measurements  of . . .  339, 340 
Comstock  Creek,  Mich. ,  water  power  on . .  258 
Conasauga  Creek,  Tenn.,  measurements 

of 218 

Conasauga  River,  Ga.,  and  tributaries, 

measurements  of 209 

Conejos  River,  Colo. ,  measurements  of. .      306 

seepage  along 306 

Conejos  River  near  Los  Mogotes,  Colo., 

measurements  and  gage  heights  of.     348 

rating  table  for 519 

Conn,  J.  C. ,  stream  measurements  by 148, 

306,307,308,210 

Connecticut,  hydrographic  work  in 35-36 

Connecticut  River  near  Hartford,  Conn., 

gage  heights  of 35 

Connecticut  River  at  Holyoke.  Mass., ref- 
erence to 35 

Connecticut  River  near  Orford,  N.  H., 

gaging  station  on,  description  of. .       34 
measurements  and  gage  heights  of . . .       34 
Connick,  H.  D.  H.,  stream  measurements 

by 461.462,480 

Consumne  River,  Cal. .  measurements  of. .      480 

Cooper,  J.  A.,  aid  by 142 

Coopers  Creek,  Ga. ,  measurement  of 218 

Coosa  Creek,  Ga.,  measurement  of 217 

Coosa  River  at  Lock  No.  4,  Ala.,  gage 

heights  of 165-166 

Coosa  River  at  Lock  No.  6,  Ala.,  reference 

to 165 

Coosa  River  near  Riverside,  Ala.,  meas- 
urements and  gage  heights  of ..  164-165 

rating  tablefor 514 

Coosa  River  at  Rome,  Ga.,  measurements 

and  gage  heights  of 163-164 

rating  table  for 514 

Coosa  River,  Ala.,  tributaries  of,  meas- 
urements of 210 

Coosawattee  River  at  Carters,  Ga., meas- 
urements and  gage  heights  of ..  161-162 
rating  table  for 514 
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Coosa wattee  River,  Oa.,  and  tributaries, 

measurements  of,  miscellaneous . .  isiOO 
Cordova,  Ala. ,  hydrographic  work  near .  171-172 
Cornell  University,  laboratory  tests  at . . .  21-29 
Corps  of  Engineers,  United  States  Army, 

acknowledgments  to 10 

Corral  Creek,  Cal. ,  measurement  of 402 

Cosby  Creek,  Tenn.,  measurements  of...     217 

Coughlin,T.H.,  cited 261 

Courchesne,  T.  X.,  stream  measurements 

by 353 

Cone  Creek,  K.  C,  measurements  of 206, 

206,215,216 
Cowiche  Creek, Wash.,  measurement  of. .     448 

Cox,O.V.,aidby 182 

Cox  Creek,  Ga.,  measurement  of 200 

Crabtree  Creek,  N.  C. ,  measurements  of . .     218 
Cranberry  Creek,  N.  C. ,  measurement  of .     216 

Crane  Creek,  Ga.,  measurement  of 208 

Orawf ords  Creek,  Ga.,  measurement  of. .     200 
Cressy,  S.  W.,  gaging  station  established 

•   by 327 

Crib  Creek,  N.C.,  measurements  of 204 

Croton    River,    N.    Y.,    discharge    of 

(monthly),  1900 79-80 

rainfall  and  run-off  in  basin  of 80 

Crow  Creek,  Mont.,  measurements  of.  266-267, 

436 
Cub  River  at  Franklin,  Idaho,  measure- 
ments and  gage  heights  of 410-411 

rating  table  for 621 

Cumnock,  N.  C,  hydrographic  work  at.  186-187 
Cunningham,  P.  D. ,  acknowledgments  to.     868 
Current  Creek,  Utah,  features  of,  and  irri- 
gation along 499,606-5(0 

measurementof 499 

Current  meter,  comparison  of  float  rods 

and 20-29 

description  and  use  of 20-21 

measurements    made   by,   on    Erie 

Canal,N.Y 22,24 

Curtis,  N.  C,  gaging  stations  established 

by 138,146,179,180,181 

stream  measurements  by 139, 

145, 180, 181, 208, 204, 806, 206, 210, 211, 212 

Curtis  Creek,  N.  C. ,  measurements  of 804 

Cutbank  River,  Mont. ,  measurement  of . .     209 

D. 

Dadeville,  Ala.,  hydrographic  work  near.     174 

rating  ^ble  for 614 

Dams,  failures  of,  causes  of 14-16 

Dan  River  at  South  Boston,  Va.,  gage 

heights  and  measurements  of  ..  132-188 
Danley,R.J.M.,stream  measurements  by.     246 

Danville,  Pa. ,  hydrographic  work  at Ill 

rating  table  for 611 

Dark  Ridge  Creek,  Tenn.,  measurement 

of 216 

Davis,  A.  P.,  gaging  stations  established 

by 117,118,119,864 

paper  by,  on  measurement  of  sedi- 
ment   15-18 

Davis,  C.K.,  aid  by 286 

Davis,  J.  B. ,  gaging  station  supervised  by .     851 
stream  measurement  by 261 
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Davis  Creek,  Ga. ,  measurement  of 20C 

Davidson  River,  N.  C,  measurements  of .    211 
Dayton  Creek.  Mont. ,  measurement  of . . .    4X> 

Dead  River.  Mich. ,  water  power  on 260 

Deadman  Creek,  Nebr.,  measurements 

of 810 

Deep  River,  N.  C,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween        14 

Deep  River  at  Cumnock,  N.C..  measure- 
ments and  gage  heights  of 136-137 

Deep  River  at  Moncure,  N.   C.    gage 

heights  of .  1899 11 

horsepower  of,  available  durinir  1899.  12-U 

measurementof 137 

Deer  Creek,  Cal. ,  measurement  of 40S 

Delaware  River  at  Lambertville,  N.  J., 
measurements  and  gage  heig-hts 

of eft 

rating  table  for 511 

Dellinger ,  8.  C. ,  hydrographic  work  at . .  145-116 
Del  Norte,  Colo.,  hydrographic    work 

near 3»T 

rating  table  for 519 

Dennis,  W.H.,  aid  by 35» 

Denton  Valley  Creek,  Va.,  measurements 

of 214 

Denver,  Colo.,  hydrographic  work  at. . .  281-« 

rating  table  for 517 

Deschutes  River  at  Moro,  Greg.,  gagliig 

station  on,  reference  to 415 

Devils  Gate,  Cal.,  stream  measurements 

near 4^7 

Devils  River  at  Devilsriver,  Tex.,  meas- 
urements and  gage  heights  of . .  363-3B5 
Dewey,  £.  P. ,  stream  measurements  by . .     471 
Diamond  Fork  of  Klickitat  River,  Waah., 

measurementof Ui 

Dickson,  L.H., aid  by S« 

Diggins,L.,aid  by 9 

DI]s,N.  8., acknowledgments  to S 

stream  measurements  by. . .  486, 4S?,  4S6, 0) 
Discharge  measurements  in  New  York 

State  canals  and  feeders,  methods 

of  making,  and  tests  to  determine 

accuracy  of l^WP 

District  of  Columbia,  hydrographic  work 

in 125-13S 

Dobson,  A., acknowledgments  to $ 

stream  measurements  by 277, 

884,807,310, 311.aZ2 

Doe  Creek,  Tenn. ,  measurements  of Sli 

Doe  River,  Tenn.,  measurements  of Slfi 

Dog  Creek,  Nev.,  measurements  of .     *'iB 

Dolgeville,  N.  Y.,  gaging  station  at,  data 

regarding * 

hydrographic  work  at S^4t\ 

stream  measurements  at ft 

Dolores  River  at  Dolores,  Colo.,  measare- 

ments  and  gage  heights  of 38C^1 

rating  table  for SS 

Donner  Creek,  Cal. ,  measurements  of 4>l& 

Dowagiac  Creek,  Mich.,   water  power 

on , 

Dowagiac  River,  Mich.,  volume  of, 

imum ST 
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Downing  Creek,  Qa. ,  meaaarement  of 209 

Downs,  J.,  aid  by 38 

Drainage  area,  horsepower,  and  fall  of 

Btreama,  relation  between U 

Drainage  areas  of  streama   in   United 

States,  alphabetical  list  of 524-548 

Drake,  £.,  aid  by 317 

Dredge  for  canals,  description  of 508 

Dressor.  A.,  aid  by 38 

Dublin,  Ga..  hydrographic  work  near. .  152-163 

rating  table  for 518 

Duchesne  River  at  Price  road  bridge, 
Utah,  measurements   and   gage 

heights  of 878-374 

rating  table  for 519 

Dukes  Creek,  Gta. ,  measurement  of 206 

Duncan  Comp«uiy,  aid  by 38 

Dungeness  Biver  at  Dungeness,  Wash., 
measurements  and  gage  heights 

of 44d-447 

rating  table  for 522 

Dunsbach  Ferry,  N.  Y.,  gaging  station 

near,  data  regarding 88 

hydrographic  work  near 09-71 

Durango,  Colo.,  hydrographic  work  at.  388-384 

rating  table  for 520 

Du  Shane,  J.,  cited 254 

Dutch  Creek,  N.  C. ,  measurements  of 215 

E. 

Eagld   Pass,  Tex.,  hydrographic   work 

near 366-866 

East  Ash  Creek,  Nebr. ,  measurements  of.     310 
East  Branch  of  Fish  Creek  at  Point  Book, 

N.Y., measurement  of 89 

East  Canada  Creek  at  Dolgeville,  N.  Y., 

discharge  of  (daily),  1896-1900  ....  67-58 
diversions  from,  measurements  of  . . .       56 

gaging  of,  methods  employed  in 65-57 

gaging  station  on ,  data  regarding 88 

measurements  of 89,6ft-57 

East  Fork, K. C, measurements  of 210 

East  Fork  of  Carson  River  near  Gardner- 

ville,  Ke V. ,  gage  heights  of 899-400 

East  Fork  of  French  Broad  River,  N.  C, 

measurement  of 2ll 

£aat  Fork  of  Lake  Creek,  Utah,measure- 

mentsof 373 

EUwt  Fork  of  Little  Pigeon  River,  Tenn., 

measurements  of 217 

Eaat  Tessantee  Creek,  Gki.,  measurement 

of 208 

Saaton,  Pa. .  stream  measurement  at 114 

Efficiency  of  streams 14 

£Lk  Creek,  K.  C. ,  measurements  of 203, 210 

El^  Creek,  Tenn. ,  measurement  of 216 

KllE  Creek  at  Lineback,Tenn.,  measure- 
ments and  gage  heights  of 184-186 

EUlc  Creek,  Ya.,  measurement  of 211 

El  k  Fork  Creek,  N.  C. ,  measurements  of . .     218 
El  kliart  River,  Mich. ,  water  powers  on . . .     256 
El  khatchee  Creek,  Ala. ,  measurement  of .     210 
Blkhom  River  near  Arlington,  Nebr. ,  dis- 
charge measurements  and  gage 
heights  of 309-310 
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Elkhorn  River  near  Norfolk,  Nebr.,  meas- 
urements and  gage  heights  of . .  806-809 
Elko,  Nev. ,  hydrographic  work  near . . .  396-896 

ratingtable  for 520 

Elk  Shoal  Creek,  N.  C,  measurement  of .  214 
EUijay  River,  Ga.,  and  tributary  of,  meas- 

urementsof 209 

Ellis  Creek,  Tenn. ,  measurement  of 218 

Ellsworth,  Kans.,    hydrographic    work 

at 316-817 

rating  table  for 517 

El  Paso,  Tex.,  hydrographic  work  near.  352-363 
Elwha  River  at  McDonald,  Wash.,  meas- 
urements and  gage  heights  of . .  447-448 

rating  table  for 523 

Embudo,  N .  Mez. .  hydrographic  work  at .  860 
Empire,  Nev. ,  hydrographic  work  near . .  401 
Empire  State  Power  Company,  aid  by . . .       88 

Engineering  News,  cited 71 

Engineering  Record,  cited 267 

Epes,  Ala. ,  hydrographic  work  near 175-176 

Erie  Canal  aqueduct,  N.  Y. ,  gaging  station 

on,  data  regarding 88 

hydrographic  work  at 63-64 

stream  measurement  at 39 

Esopus  Creek,  N .  Y. ,  measurement  of 86 

Etowah  River  at  Canton,  Ga.,  measure- 
ments and  gage  heights  of 160-161 

rating  table  for ^ 614 

Etowah  River,  Ga. .  and  tributaries,  meas- 
urements of,  miscellaneous 208 

Evaporation  in  canals  along  Prove  River, 

Utah 501 

Executive  board  of  city  of  Rochester, 

N.Y., cited.... 67 


T, 


Fall  Creek, N.  C,  measurement  of 206 

Fall  River,  S.  Dak.,  measurements  of 272 

Fall  of  streams,  drainage  area,  and  horse- 
power, relation  between,  on  North 

Carolina  rivers 14 

Fayette,  W.  Va. ,  hydrographic  work  at.  181-182 

rating  table  for 515 

Fayetteville,  N.  C,  hydrographic  work 

at 187-188 

rating  table  for 512 

Feather  River,  Cal.,  measurement  of 480 

Fellows,  A.  L.,  acknowledgments  to 9 

stream  measurements  by . . .  280, 281 ,  283, 284, 
286, 287, 288, 289, 290, 321, 323, 324, 325, 328, 847, 
348, 349, 368, 376. 876, 877, 378, 380,  882, 888, 886 

Field,  J., aid  by 133 

Fif  teenmile  Creek,  Va. ,  measurements  of .     214 

Finch, L.H., aid  by 174 

Finkle,F.C.,  acknowledgments  to 462 

First  Broad  River,  N.  C,  measurement 

of 206 

Fishdam  Creek,  Tenn.,  measurements  of.     216 

Fisher  River,  N.  C. ,  measurements  of 204 

Fitz  Gerald ,  D. ,  acknowledgments  to 33 

Flannery  Fork,  N.  C. ,  measurements  of  . .     210 

Flat  Creek,  Ga. ,  measurement  of 209 

Flat  Creek,  N.  C. ,  measurements  of '  212 
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Flat  Biver,  Mich., measurements  of 246 

water  powers  on 347,249 

Flathead  Lake,  Mont. ,  features  of 434-496 

Flathead  Lake  near  Holt,  Mont.,  gage 

heights  of 43? 

Flathead   Lake  at  Poison,  Mont.,  gage 

heights  of 488 

Flat  Shoals  Cre^,  Ga.,  measurement  of . .     206 
Flint  River  at  Albany,  Ga.,  gage  heights 

of 167 

gaging  station  on,  description  of  . . .  156-157 
volume  of,  maximum  and  minimum  .      156 
Flint  Biver  at  Woodbury,  Ga.,  measure- 
ments and  gage  heights  of 157-158 

rating  table  for 518 

Float  rods,  comparison  of  current  meter 

and 30-29 

measurements  made  with,  on  Erie 

C5anal JB.23 

use  of 19-20 

Flood  volume  of  North  Carolina  streams.       15 
Flynn,  B.  H.,  gaging  stations  established 

by 220,221 

stream  measurements  by 220, 221 

Fodder  Creek,  Ga. ,  measurement  of 217 

Fogey  Creek,  N.  C. ,  measurements  of 216 

Follett,  W.  W. ,  acknowledgments  to 352 

Foi*ge  Creek,  Tenn.,  measurement  of 216 

Forks,  Wash.,  hydrographic  work  near.  448^449 

•    rating  table  for 523 

Forkscreek,Colo.,  hydrographic  work  at  285-286 

rating  table  for 517 

Fort  Collins,  Colo.,  hydrographic  work 

near 201-292 

Fort     Duchesne,    Utah,     hydrographic 

work  at 870-371 

rating  table  for 519 

Fort  Edward,  N.  7.,  gagging  station  at,   ' 

data  regarding 38 

hydrographic  work  at 75-76 

stream  measurement  at 39 

Fort  Hancock,  Tex.,  hydrographic  work 

near 354 

Fort  Hunter,  N.  T.,  gaging  station  at, 

data  regarding 38 

hydrographic  work  at 60-63 

stream  measurements  at 39 

Fortier ,  S. ,  acknowledgments  to 9 

stream  measurements  by 261, 

262,263.264,266 

Fox  Creek,  Va. ,  measurements  of 211 

Franklin,  Idaho,  hydrographic  work  at.  41(M11 

rating  table  for 521 

Frederick ,  Md. ,  hydrographic  work  near .      125 

rating  table  for 512 

Frederick,  Pa.,  hydrographic  work  at...  98-^ 

Freeman,  J.  B.,  cited 55 

Freeman's  bridge,  N.  T.,  stream  measure- 
ments at  39,68 

Fremont,  Ohio,  hydrographic  work  at.  221-222 
French  Creek,  S.  Dak.,  measurements  of.      272 
French    Broad    Biver,   drainage    area, 
horsepower,  and  fall  of,  relation 

between 14 

forks  of.    See  East,  Middle,  North, 
South,  and  West. 
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French  Broad  Biver  near  Asheville,  N.  C, 
measurements  and  gage  heights 

of 188 

rating  table  for 515 

French  Broad  Biver  at  Oldtown,  Tenn., 
measurements  and  gage  heights 
of 187 

French  Broad  Biver,  N.  C,  and  tributa- 
ries, measurements  of,  miscellane- 
ous   211-212 

Frenchman  Biver,  Nebr.,  measurements 

of 810,311 

Friendsville,   Md.,   hydrographic  work 

at 176-177 

rating  table  for 514 

Front   Royal,  Va.,  hydrographic  work 

at 119-130 

Fuller,  G.  W.,  quoted  on  determination 

of  turbidity  of  water 17-lS 

Purnias,  W.,  aid  by 38 

G. 

Gaffney,  S.  C,  gaging  station  at 145 

Gaging  streams,  methods  employed  in 

New  York  during  1900 37-12 

Gallatin  Biver  at  Logan,  Mont.,  measure- 
ments and  gage  heights  of 962-9S3 

rating  table  for 516 

Gap  Creek,  N .  C. ,  measurement  of 210 

Gap  Creek,  Tenn..  measurements  of 216 

Gardner,F.H.,aid  by 34 

Gardner ville,  Nev.,  hydrographic  work 

near 3WM00 

Gkkylordsville,Conn.,  hydrographic  work 

at 35-3S 

Genunel, B.C., reference  to 507 

Georgia,  hydrographic  work  in.  148,150-161.193 

rating  tables  for  streams  in 613, 514, 515 

stream  measurements  in,  miscellane- 
ous  206-300, 217, 21< 

Gering,  Nebr. ,  hydrographic  work  at 276 

German  Creek,  Ga.,  measurement  of 218 

Gibbon, Greg., hydrographic  work  at ..  444-445 

rating  table  for SSS 

Gila  Biver  at  San  Carlos,  Ariz.,  measore- 

"  ments  and  gage  heights  of 38&-3t# 

rating  table  for 530 

Gilbert,  J.  J.. aid  by 36 

Glades  Creek,  Ga. ,  measurement  of S» 

Glasgow,  Va. .  hydrographic  work  at If7 

rating  table  for 513 

Glen  Creek,  Mont.,  measurement  of 436 

Glendon  Bridge,  Pa.,  stream  measure- 
ment at  114 

Glen  Park  Bridge,  N.  Y.,  stream  measnre- 

mentat 39 

Glens  Falls.  N.  Y.,  measurements  on  Erie 

Canal  at 21-SS 

Glen  wood  Springs.  Colo.,  hydrographic 

work  at 37>-37B 

rating  table  for 520   | 

Golconda,    Nev.,    hydrographic     work 

near 397-3Eti 

rating  table  for 530 

Gold  Fork  of  Klickitat  Biver,  Wash., 

measurement  of 443 
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6oodf6llow,J.,aidb7- 38 

Goshen  Warmsprlxigs  Creek,  Utah,  meas- 

nrementof 499 

featnresof SOO 

irrigation  from 499 

Graden,C.Q.,aidby 383 

Graff  ditch,  Nebr . ,  measnrement  of 311 

6rainling.J.S.,aidby 1« 

Granada,  Colo. ,  hydrographic  work  near.      329 

Grand  Biver,  Mich. ,  f eatnres  of 239-249 

gage  heights  of 242,243-244 

gating  stations  on 241-242,246 

xneasnrements  of 245 

water  powers  on 247-249 

volnmeof S42 

Grand  Biver  at  Glenwood  Springs,  Colo., 
nkeasnrements  and  gage  heights 

Qf_. ., 375-376 

rating  table  for 530 

Grand  Biver  at  Grand  Jnnction,  Colo., 
measurements  and  gage  heights 

of 376-377 

Grand  Encampment  Creek  at  Peryam*s 
ranch,  Wyo.,  measurements  and 

gage  heights  of 278 

rating  table  for 616 

Grand    Junction,    Colo.,    hydrographic 

work  at 376-377 

Grand  Rapids,  Mich.,  water  power  avail- 

ableat 248 

Grandview,  Idaho,  hydrographic  work 

near 486-427 

Granger,  Wyo. .  hydrographic  work  near .      367 

rating  table  for 619 

Grassy  Creek,  N.  C,  measurements  of. .  212, 218 

Qrave8.E.D.,  acknowledgments  to 35 

stream  measurements  by 212,216,816 

Oreasy  Creek,  Tenn. ,  measurements  of . .     218 

Great  Plains  Water  Co.,  reservoirs  of 320 

Greater   New   York,  stream   measure- 
ments near 88 

Green    Biver,   Colo.,  stream    measure- 
ments in  basin  of 875 

Green  Biver,  N.  C. ,  measurements  of 206 

Green  River  at  Greenriver,  Wyo.,  gage 

heights  of 386-367 

Greenbrier  River  at  Alderson,  W.  Va., 
measurements  and  gage  heights 

of 178-1T9 

rating  table  for 515 

Greenleaf,  J.  T.,  cited .'. 251 

Greenriver,  Wyo.,  hydrographic   work 

at 886-867 

Grose  Creek,  Va. ,  measurements  of 214 

Qro ve  Creek,  Ga. ,  measurements  of 207 

Qnadalupe    Biver,   Tex.,  measurement 

of 840 

Oaemsey,    Wyo.,    hydrographic    work 

near 275 

rating  table  for 516 

Gall  Lake  outlet. ,  Mich. ,  water  powers  on     258 
Gunnison,.    Utah,    hydrographic   work 

near 426-428 

rating  table  for 521 

Gnnnlson  Biver  at  Grand  Jnnction,  Colo., 

measurements  of 378 


Page. 
Gunnison  Biver  at  lola,  Colo.,  measure- 
ments and  gage  heights  of 378-879 

rating  table  for SSO 

H. 

Hall,  B.  M. ,  acknowledgments  to 9 

gaging  station  established  by 193 

stream  measurements  by 1501, 

152, 153, 154, 155, 158, 159, 160, 103, 207, 208, 209 
Hall,  J.  B. ,  gaging  stations  established  by .     166, 

167,172,174 

stream  measurements  by 166, 

167,172,173,174,210 

Hall,  M. ,  stream  measurements  by .  148, 149, 150, 

1.51, 161, 168, 164, 168, 171, 192,  IW,  195, 307, 208 

Hall,  O.  P. ,  gaging  station  established  by .      191 

stream  measurements  by 161, 

162.191.208,209,217,218 
Hall,  W.  E. ,  stream  measurements  by  —     207 

206,317,218 

Halls  Creek ,  Va. ,  measurement  of 215 

Hancock  Spring,  Tex. .  measurement  of . .      335 

Handy  ditch,  Colo. ,  gage  heights  of 291 

Hanna  Spring,  Tex. .  measurement  of  —      335 

Harden, F.S., aid  by 38 

Hardesty,  W.  P.,  stream  measurements 

by 415,416,418 

Harris  Creek,  Cal.,  measurement  of 461 

Harris  Creek ,  Ga. ,  measurement  of 209 

Harrisburg,  Pa. ,  hydrographic  work  at .  11^114 

rating  table  for 511 

Harrison,  C.  L. ,  acknowledgments  to 280 

Harroun,  P.  E. ,  acknowledgments  to 9 

stream  measurements  by 360, 351 ,  352 

Hartford,  Conn.,   hydrographic    work 

near 36 

Hat  Creek,  Wya ,  measurement  of  ... 278 

Hatcher  Creek,  Tenn.,  measurement  of. .      215 
ECatchett  Creek,  Ala.,  measurement  of . . .     210 

Havre,  Mont. ,  hydrographic  work  at 287 

rating  table  for 516 

Haw  Biver,  N.  C,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween         14 

Haw  Biver  at  Moncure,  N.  C,  measure- 
ment of 137 

Hawley,  B.  W.,  stream  measurements  by.     281, 

283,324,325,338 

Haynes  Creek ,  Ga. ,  measurement  of 207 

Hays,  J.  W.,  cited 10,11,14 

Hazel  Creek,  Ga.,  measurement  of 306 

Hazen,  A. ,  quoted  on  sediment  in  streams.       17 

Hebrew,  S.,  aid  by 284 

Hellgate  Biver,  Mont., measurement  of..     482 

Helton  Creek,  N.  C. .  measurements  of 210 

Henson  Creek,  N.  C,  measurement  of...      Z12 
Herndon,  Cal.,  hydrographic  work  at..  458-459 

rating  table  for 529 

Heron,  G.  M.,  aid  by 146 

Hesse  Creek,  Tenn.,  measurement  of 217 

Hickman,  W.  M.,  aid  by 318 

Hickory  Level  Creek,  Ga., measurements 

of 207 

Hickory  Nut  Creek,  N.  C,  measurement 

of 205 

Higdon,  C.  V.,  aid  by 191 


558 


INDEX. 


Page. 
Hiffffins  Lake,  Mich.,  drainage  area  and 

water  surface  of 251 

High  Line  canal,  Colo. ,  Tolnme  of 300 

High  Shoals  Creek,  Qa. ,  measurement  of.  217 
Highspire,  Pa. ,  streain  measnrements  at.  114 
Highto wer  Creek,  Ga. ,  measurement  of . .     217 

Hill,  W.  R.,  acknowledgments  to 79 

HiUabee  Creek  near  Alexander  City,  Ala., 
measurements  and  gage  heights 

of 172-173 

Hlwassee   River  at  Charleston,  Tenn., 
measurements  and  gage  heights 

of 192 

rating  table  for 615 

Hiwassee  River  at  Murphy  N.  C,  meas- 
urements and  gage  heights  of..  190-191 

rating  table  for 515 

Hiwassee  River  at  Reliance, Tenn., meas- 
urements and  gage  heights  of . .  191-192 

rating  table  for 515 

Hiwassee    River,  Ga.,  and  tributaries, 

measurements  of,  miscellaneous  217-218 
Hobble  Creek,  Utah,  features  of,  and  irri- 
gation from 505-607 

Hoffman,  W.,  aid  by 38 

Hog  Creek,  Ga.,  measurement  of 217 

Hogthief  Creek,  Va. .  measnrements  of . . .  215 
Hogtrough  Creek,  Va.,  measurements  of.  214 
Holcomb  Rock,  Va.,  hydrographic  work 

•      at 129-130 

Hollins  Creek,  N.  C. ,  measurement  of 206 

Hollow  Creek ,  S .  C. ,  measurement  of 207 

Hollow  Poplar  Creek,  N.  C,  measure- 
ments of  213 

Holly  Creek,  GNl  ,  measurements  of 200 

Hohnes,  J.  A., acknowledgments  to 9 

Holt,  Mont. ,  hydrographic  work  near . .  436-437 
Holy oke,  Mass. ,  hydrographic  work  at . . .       85 
Hominy  Creek,  N.  C. ,  measurements  of  . .     211 
Hood  River  at  Tucker,Oreg.,gaging  sta- 
tion on,  reference  to 445 

Hooper,    Wash.,    hydrographic     work 

near 44a-444 

rating  table  for 522 

Horse  Creek,  Nebr. ,  measurement  of 311 

Horse  Creek,  K.  C. ,  measurements  of . . .  210. 2]  2 
Horsepower,  drainage  area,  and  fall  of 
streams,    relation     between,    on 

North  Carolina  rivers 14 

Horton,R.E.,  cited 257 

report  by,  on  Grand  River,  Mich . . .  239-249 
report  by,  on  methods  employed  in 
gaging  New  York  streams  during 

1900 .37-43 

stream  measurements  by 39, 46, 52, 61 

Houghton  Lake,  Mich. ,  drainage  area  and 

water  surface  of 251 

Housatonic  River  at  Gaylordsville,  Conn., 
measurements  and  gage  heights 

of 36 

Howell.  D.  J. ,  acknowledgments  to 38, 42. 70 

Hubbard  Lake,  Mich. ,  drainage  area  of . .      253 
water  surface  of,  and  water  storage 

In 262,253 

Hudson  River  at  Fort  Edward,  N.Y.,  dis- 
charge of  (daily),  1899,1900 76 


Page. 
Hudson  River  at  Port  Edward,  N.  Y.. 

gaging  station  on,  data  regarding 38 

measurements  of 38.75 

Hudson  River  at  Mechanicsville,  N.  T., 

discharge  of  (daily),  1898-1900  ....  Ti*-;? 

gaging  station  on,  data  regarding 38 

measurements  of 39,72,77 

Hughes,  R.,  aid  by 3» 

Humboldt  River  near  Elko,  Nev.,  meas- 
urements and  gage  heights  of  ..  395-366 

rating  table  for 5S0 

Humboldt  River  near  Golconda,  Nev., 
measurements  and  gage  heights 

of 397-388 

rating  table  for 3SD 

Humboldt  River  near  Lovelocks,  Nev., 
canals    diverting     water    from, 

measurements  of SW 

Humboldt  River  near  Oreana,  Nev., 
measurements  and  gage  heights 

of 398-«e 

rating  table  for SSO 

Humphreys,  D.  C,  acknowledgments  to.      10 

gaging  stations  established  by 127, 

128,136,175 

stream  measurements  by U7. 

128,129,130,178-179,181 
Hungry   Mother  Creek,  Va.,  measure- 
ments of as 

Hunter  Creek,  Nev.,  measurements  of...     KB 
Huntington,  D.  L.,  stream  measurements 

by 438-«3» 

Huntington ville  dam,  N.  Y.,  gaging  sta- 
tion at,  data  regarding 36 

stream  measurements  at 236-^ 

Huron  River,  Mich.,  features  of S51 

gaging  station  established  on 351 

measurement  of 251-SSS 

Hurricane    Creek,   Ga.,    measurements 

of 307 

Hutchinson,  Eans.,  hydrographic  work 

at 39) 

rating  table  for 51? 

Huttons  Branch,  Va. ,  measurements  of . .     315 

Hyrum,  Utah,  hydrographic  work  at . .  412-113 

rating  table  for SSI 

I. 

Idaho,  hydrographic  work  in . . .  409-411, 4d5-49» 

rating  tables  for  streams  in 521, 5S 

stream  measurements  in,  miscellane- 
ous        1SS 

Ignacio,  Colo. ,  hydrographic  work  at. . .  382-<'V3 

rating  table  for 53) 

Indian  Creek ,  Nebr . ,  measurement  of 311 

Indian  Lake  reservoir,  N.  Y., data  regard- 
ing    T1-7S 

Indian  River  at  Indian  Lake  dam.  N.  Y., 
gaging    station    on,    description 

of 38,71-72 

measurements  of 39. 7? 

regimen  of 71-7- 

Integrating  method  of  making  meter 
measurements,  comparison  of  six- 
tenths  method  and H 

description  and  application  of 20.34-39 
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International  (Water)  Boundary  Com- 
mission, hydrographic  work  of.  352-867, 

383-366 

lola,  Colo. ,  hy drographic  work  at 378-370 

rating  table  for 520 

lola,  Kans.,  hydrograpbic  work  near . . .  331-832 

rating  table  for 518 

Iron  Creek,  6.  Dak.,  meaanrements  of  —  272 
Irrigation  in  Utah  Valley,  Utah,  features 

of 498-809 

Ivy  Log  Creek,  Qa.,  measurement  of 217 

J. 

Jack  Creek,  N .  C. ,  measurements  of 213 

Jacks  Ri  ver ,  Ga. ,  measurements  of 209 

Jackson,  D.  D; ,  and  Whipple,  Q.  C. ,  cited . .       17 

Jackson,  W.L., aid  by IM 

Jackson  Creek,  CaL,  measurement  of  —      461 
Jacobs  Creek,  Tenn.,  measurements  of. . .     215 
James  River  at  Buchanaa,  Va.,  measure- 
ments and  gage  heights  of 128 

rating  table  for 512 

James  River  at  Carters ville,  Va.,  meas- 
urements and  gage  h«;ightd  of..  128-128 

i*ating  table  for 512 

James  River  at  Holcomb  Rock,  Va.,  gage 

heights  of 130 

gaging  station  on,  description  of 129 

Janus,  S. ,  stream  measurements  by 386 

Jarrett  Creek,  N.  C,  measurement  of —     204 
Jefferson  River  at  Sappington,  Mont., 
measurements  and  gage  heights 

of 284-265 

rating  table  for 516 

Jellys  Ferry,  Cal.,  hydrograpbic  work 

at 450-451 

rating  table  for 523 

Jennies  Creek,  Ga.  ,  measurement  of 208 

^im  Scott  Branch,  Va.,  measurements  of.     214 

Jocko  River,  Mont. ,  measurement  of 436 

Jo  Gray  Creek,  Cal.,  measurements  of . ..     405 
John  River  near  Morganton,  N.  C,  meas- 
urements and  gage  heights  of..  142-143 

Johns  River,  N .  C. ,  measurements  of 205 

Johnson,  C,  gaging  station  established 

by 439 

Johnson,  E.  D.,  stream  measurements 

by 810,311 

Johnstown,  N.  Y.,  gaging  station  at,  data 

regarding 38 

river  flow  near 58-60 

Jonah  Creek,  Tenn.,  measurements  of. . .  215 
Jones,  W.,  gaging  station  established  by.  462 
Judson,  N.  C,  hydrograpbic  work  at..  188-190 

rating  table  for 515 

J  udson,  W.  P. ,  acknowledgments  to 37 

J  ulesburg,  Colo.,  hydrograpbic  work  at.  283 
J uliette,  Ga.,  hydrograpbic  work  near.  154-155 

rating  table  for 513 

Junction,  Kans.,  hydrograpbic workat.  313-314 

rating  table  for 517 

Juniata  River  at  Newport,  Pa.,  measure- 
ments and  gage  heights  of 112-113 

rating  table  for 511 

Juniper  Creek,  CaL ,  measurements  of . . .     405 


Page. 
K. 

Kalamazoo  River.  Mich.,  gage  heights  of, 

1900,  1901 259 

gaging  station  established  on 268 

water  i>owers  on 257-258 

Kansas,  hydrograpbic  work  in.  318-820,330-332 
rating  tables  for  streams  in 517, 518 

Kansas  River  at  Lecompton,  Kans., 
measurements  and  gage  heights 

of 318-319 

rating  table  for 518 

Kaweah  River,  Cal.,  measurements  of . . .      482 

Kelley,  Mrs.  W.  H.,aidby 384 

Kells  Creek,  Ga.,  and  tributary  of,  meas- 
urements of 209 

Kelsey,  F.  C. ,  acknowledgments  to 419, 

420,421,422,423 

Kelsey  Creek,  Cal. ,  measurement  of 453 

Kennebec  River  at  Water  ville,  Me.,  dis- 
charge of  (daily),  1899,1900 29-30 

Kentucky  Fork  of  North  Toe  River,  N .  C, 

measurement  of 212 

Kenwood,  N.  Y  ,  gaging  station  at,  data 

regarding 38 

hydrograpbic  work  at 225-226 

stream  measurement  at 39 

Kern  River,  Cal.,  measurements  of,  mis- 
cellaneous          482 

Kern  River  near  Bakersfleld,  Cal.,  dis- 
cbarge of  (daily)  462-463 

Kern  River  Basin,  Cal., stream  measure- 
ments in,  miscellaneous 461-462 

Kincaid,  J.  W., aid  by 141 

Kinchafoonee  Creek  near  Albany,  Ga., 
reference  to  proposed  measure- 
ment of 167 

King  Creek,  N .  C. ,  measurement  of 211 

King  River,  Cal.,  measurements  of,  mis- 
cellaneous    481,482 

King  River  near  Kingsburg,  Cal.,  gage 

heights  of 460-461 

King  River  near  Red  Mountain,  Cal., 
measurements  and  gage  heights 

of 459-460 

rating  table  for 523 

Kingsburg,    Cal.,    hydrograpbic    work 

near 460-461 

Kiona,  Wash. ,  hydrograpbic  work  at . . .  442-443 
rating  table  at 522 

Klickitat  River,  Diamond  Fork.  See  Dia- 
mond Fork  of  Klickitat  River. 

Klickitat  River,  Gold  Fork.  See  Gold 
Fork  of  Klickitat  River. 

Knoxville,    Tenn.,   hydrograpbic   work 

at * 193-194 

Kuicbling,  E.,  work  of,  in  connection 
with  investigations  to  determine 
flow,  seepage,  and  evaporation  of 
New  York  State  canals  and  feed- 
ers         18 

Lagrange,  Cal.,  hydrograpbic  work  at .  456-468 

rating  table  for 523 

Lake  Cbeesman.  Colo.,  water  storage  pro- 
ject at 279 
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Lake  Chelan  at  Lakeside,  Wash.,  gaging 

station  at,  reference  to 439 

Lake    Ckxshitnate,  Mass.,    hydrographic 

work  on 33 

rnn-oflf  in  basin  of 34 

Lake  Creek,  Utah,  measurements  of  . . .  372-373 

Lake  Creek  at  Twin  Lakes,  Colo.,  gaging 

stations  on 320-321 

measurements  and  gage  heights  of.  321-322 

rating  tablesfor 518 

water  storage  in 320-321 

Lake  Poinsett,  S.  Dak. ,  inlet  of,  stream 

measurement  of 271 

Lakeside,  Wash. ,  gaging  station  at 439 

Lambertville,  K.J. ,  hydrographic  work 

at 80 

rating  table  for 611 

Lame  Johnny  Creek,  S.  Dak. ,  measure- 
ments of 272 

Lampasas  Biver,  Tex. ,  features  of 38&-386 

Landreth,  O.  H. ,  weirs  erected  by 68 

Langtry ,  Tex. , hydrographic  work  near .  357-358 

Laramie  River  near  Uva,  Wyo. ,  gage 

heights  of 274 

Laramie  River  at  Woods, Wyo. ,  measure- 
ment and  gage  heights  of 27&-274 

rating  table  for 616 

Laurel  Creek,  N.  C. ,  measurements  of 212, 

215,216 

Laurel  Fork  of  Doe  River,  Tenn. ,  meas- 
urements of 216 

Laurel  Pork  of  Holston  River,  Tenn.-Va,, 

measurements  of 214 

Lawrence,  Mass. ,  discharge  of  Merrlmac 

River  at 82-38 

Leatherwood  Creek,  Ga. ,  measurement 

of 207 

Lecompton,  Eans. ,  hydrographic  work 

at 818-819 

rating  table  for 518 

Leepers  Bridge,  Mich. ,  stream  measure- 
ments at 267 

Lees  Creek,  N.  C. ,  measurements  of 212 

Left  Hand  Creek,Colo.,  measurements  of.     304 
seepage  along 804 

Lehigh  River,  Pa. ,  measurement  of 114 

Leon  River,  Tex. ,  features  of 384-335 

measurement  of 335 

Leona  River,  Tex.,  springs  along,  meas- 

urementsof 342-843 

Level  Land  Creek,  Ga. ,  measurement  of .     217 

Leverett,F.,cited 254 

Liberty,     Kans.,     hydrographic     work 

near 830-831 

rating  table  for .' 6I8 

Lick  Log  Creek,  Ga.,  measurement  of 209 

Lineback,    Tenn.,    hydrographic    work 

at 184-185 

Ling,  C.  W. ,  stream  measurements  by 267 

Linville  River  near  Bridgewater,  N.  C, 
measurements  and  gage  heights 
of 143 

Linville  River  at  Linville,  N.  C,  measure- 
ments of  205 

Lippincott ,  J .  B. ,  acknowledgments  to ... .         9 
cited 3S5 
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Lippincott.J.  B.,workof 450, 

456, 457, 459, 460, 463, 464. 476, 478, 479 

Little  River,  Ga. ,  measurement  of 20S 

Little  River,  N.  C. ,  measurements  of 211 

Little  River,  Tenn. ,  measurements  of 217 

Little  River,  Va. ,  measuremen  ts  of 211 

Little  River,  Wash. .  measurements  of  . . .  43) 
Little  Amlcalola  Creek,  Ga.,  measure- 
ment of  308 

Little  Bald  Mountain  Creek,  K.C.,  meas- 
urements of 214 

Little  Bear  River,  Utah,  measurements 

of 413 

Little  Blue  River,  Nebr.,  measurements 

of 310 

Little  Cove  Creek,  Tenn.,  measurement 

of J 217 

Little  Crabtree  Creek,  N.  C,  measure- 

mentsof 213 

Little  Doe  River,  Tenn.,  measurements 

of •. 216 

Little  Elk  Creek,  N.  C. ,  measurement  of  _  216 
Little  Falls.  N.  Y.,  gaging  station  at,  data 

regarding 33 

hydrographic  work  at SSS 

stream  measurements  at 39 

Little  Hudson  Creek,  Ga.,  measurement 

of ar 

Little  Hudson  River,  Ga.,  measurement 

of 207 

Little  Kern  River,  CaL ,  measurement  of  .  461 
Little  Leatherwood  Creek,  Ga.,  measuren 

ment  of sr. 

Little  Kails  Creek,  Ga. ,  measurement  Oif  .  207 
Little  Oil  Creek,  Wyo. ,  measurements  of .  273 
Little  Pine  Creek,  N.  C,  measurements 

of 212 

Little  River  Creek,  Ga. ,  measurement  of.  30$ 
Little  Tennessee  River,  Tenn.,  meaanre- 

ments  of ,  miscellaneous 2i> 

Little  Tennessee  River  at  Judson,  N.C.. 

measurements  and  gage  heights 

of 189-190 

rating  table  for 515 

Little  Thompson  Creek,  Colo.,  measure- 
ments of  305 

seepage  along 3C6 

Littlf»Truckee  River,  Cal.,  measurements 

of 405 

LlttlA  Turniptown  Creek,  Gra.,  measure- 

mentof sup 

Livingston,  Mont.,  hydrographic   work 

near ag^ 

rating  table  for 5HJ 

Lockport,  N.  Y.,  measurements  on  Brie 

Canal  at 21-33 

Locks  N08.  4  and  5,  Ala.,  hydrograpliic 

work  at 165-1^ 

Lockwood.  W.  D..  stream  measurements 

by 46.52 

Locust  Creek,  N .  C. ,  measurements  of 213 

Lodgepole  Creek,  Nebr.,  measurements 

of 3U 

Logan,  A. R, aid  by ITI 

Logan,  Mont.,  hydrographic  work  at Stt;-265 

rating  table  for 5ij> 
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Logran,  Utah,  hydrographlc  work  near.  411-412 
rating  table  for 621 

Logan  River  near  Logan,  Utah,  measure- 
ments and  gage  heights  of 411-412 

rating  table  for 521 

Lolo  Creek,  Mont.,  measurement  of 433 

Longahatchee  Greek,  Ala.,  measurement 

of 210 

Jjong  Bullet  Creek,  N.  C,  measurement 

of 217 

Long  Valley  Creek,  Cal. ,  measurement  of.     453 

Looklngglass  Birer,  Mich.,  water  powers 

on 247 

Los  Angeles  Biver,  Cal.,  measurements 

of,  miscellaneoas 482,483 

Los  Angeles  Biver  at  The  Narrows,  Cal., 

measurements  over  weirs  on . . .  464-471 

Lo6  Mc^otes,  Colo.,  hydrographic  work 

near 848 

rating  table  for 519 

Los  Moras  Creek,  Tex.,  discharge  meas- 

urementsof 844-346 

Los  Finos  Biver  at  Ignacio,  Colo.,  meas- 
urements and  gage  heights  of..  382-383 
rating  table  for 620 

Lost  Creek,  Tenn. ,  measurements  of 218 

Loud  ditch,  Ga.,  measurement  of 206 

Louis  Fork  of  Tadkin  Biver,  N.  C,  meas- 

urementsof 208 

Loup  Biver  near  Columbus,  Nebr.,  meas- 
urements and  gage  heights  of..  306-307 

Lovelocks,  Nev.,  canals  near,  measure- 
ments of 399 

Lower  Creek,  N.  C,  measurements  of . . .     206 

Lower  Bio  Grande,  gaging  stations  on. . .     864 

Lyons,  Colo.,  hydrographic  work  near.  2B&-4S&9 
rating  table  for 617 


M. 


McCalla,  B.  C,  jr.,  acknowledgments  to.     170 

McConnellsville,    N.   Y.,    hydrographic 

work  at 227-229 

McCoskey,  A.  B.,  stream  measurements 

by 310,311 

McClatchy,B.M..aidby 173 

McConnellsville, N.  7., gaging  station  at, 

data  regarding 38 

McDonald,  Wash.,  hydrographic  work 

at : 447-448 

rating  table  for 623 

McDowell,  Ariz. ,  gaging  stations  at,  refer- 
ence to 386-387 

Macon,  Ga. ,  hydrographic  work  at 155-156 

rating  table  for 513 

McBeynolds,  O.  O. ,  work  of 320, 321 

Madison, B.C., hydrographic  work  near . .     149 
rating  table  for 613 

Madison    Biver   near  Bedbluff,  Mont., 
measurements  and  gage  heights 

of 263-264 

rating  table  for 616 

Main  Prong  of  Little  Biver,  Tenn.,  meas- 
urements of 217 

Maine,  hydrographic  work  in 2JMJ3 

Malade  Biver,  Idaho,  gaging  stations  on, 

reference  to 428 
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Mancos  Biver  at  Bfancos,  Colo.,  measure- 
ments and  gage  heights  of 384-385 

Manhattan,  Eana,  hydrographic  work 

near 817-318 

rating  table  for 518 

Manti  Creek  near  Manti,  Utah,  measure- 
ments and  gage  heights  of 424 

Maple  Creek, K.C., measurement  of 205 

Maple  Biver,  Mich.,  water  powers  on 249 

Mapleton,    Utah,    hydrographic     work 

near 415-416 

Marett,E.,aid  by 368 

Margueretta  flume,  Tex.,  measurements 

and  gat^e  heights  of 360-361 

Marshall,  Colo.,  hydrographic  work  at.  286-287 
Martin  Creek,  N.  C. ,  measurements  of ... .     213 

Martis  Creek,  Cal. ,  measurements  of 406 

Marx, CD., reference  to 454 

Maryland,  hydrographic  work  in 115, 

117-118,121-125,176-177 

rating  tables  for  streams  in 611,512,514 

Mason's  ranch,  Nev.,  hydrographic  work 

at 396-397 

rating  table  for 620 

Massachusetts,  hydrographic  work  in.  32-34, 36 
Masten    ditch,  Cal.,  measurement  and 

gage  heights  of 40JM09 

Mather,  E.,  reference  to 113 

Matlock,  8.  M.,  acknowledgments  to 281 

Matthes,  F.  £.,  stream  measurements  by.     269 
Matthee,  G.  H. ,  stream  measurements  by .    269. 

270 
Mattoax,  Va.,  hydrographic  work  at. . .  126-127 
Manmee  Biver   near  Waterville,  Ohio, 
measurements  and  gage  heights 

of 220 

Meat  Camp  Creek,  N.  C,  measurements 

of 210 

Mechanicsville,  N.  T.,  gaging  station  at, 

data  regarding 38 

hydrographic  work  at 77-79 

stream  measurements  at 39,72 

Medicine  Creek,  Nebr.,  measurement  of.     311 
Meigban,  J.  F.,  stream  measurements 

by 256-257 

Melton,  C.  E.,  aid  by 159 

Merced  Biver,  Cal. ,  measurements  of 481 

Merrimac  Biver  at  Lawrence,  Mass.,  dis- 
charge of  (daily)  32-33 

Mexico,  Ohio,  hydrographic  work  near..     221 

Meyer,  H.,  aid  by 38 

Michigan,  hydrographic  work  in  289-260 

Middle  Creek  near  Bozeman,  Mont.,  meas- 
urements and  gage  heights  of..  261-262 

rating  table  for 516 

Middle  Creek,  N.  C,  measurements  of  . .      213 
Middle  Creek.  Tenn. ,  measurement  of . . .      217 
Middle  and  Clover  creeks,  Cal.,  measure- 
ment of 453 

Middle  Broad  Biver,  Ga.,  measurement 

.of 207 

Middle  Fork  of  French  Broad  Biver,  N.  C, 

measurement  of 211 

Middle  Fork  of  Colston  Biver,  Va.,  meas- 

urementsof 215 

Middle   Fork   of   Little   Pigeon   Biver, 

Tenn.,  measurements  of 217 
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Middle  Fork  of  Milk  River,  Mont.,  meas- 

arementof 389 

Middle  Fork  of  New  River,  N.  C,  meas- 
urements of 210 

Middle  Fork  of  Yuba  River,  Cal.,  meas- 
urement of  480 

Middle  Holston  River,  Va.,  measurements 

of 215 

Middle  Oconee  River, Gkk, measurements 

of 207 

Middle  Prong  of  Moautaintown  Creek, 

G a..,  measurement  of SUO 

Middle  Saluda  Creek,  N.  C,  measure- 

mentsof 206 

Middleville,  N.  Y. ,  gaging  station  at,  data 

regarding 38 

river  discharge  at 50-52 

stream  measurement  at 88 

Middle  Yuba  River  near  North  San  Juan, 
Cal.,  measurements  and    gage 

heights  of 46S 

Milk  River  at  Havre,  Mont.,  measure- 
ments and  gage  heights  of ........ .  287 

rating  table  for 616 

Mill  Creek,  Cal.,  in  canyon,  discharge  of 

(daily) 476-477 

Mill  Qreek,  Ga. ,  measurements  of 208, 

209,217,218 

Mill  Creek,  N.  C. ,  measurements  of 204 

Mill  Creek  near  Salt  Lake,  Utah,  dis- 
charge of  (daily) 422 

Mill  Creek,  Tenn.,  measurement  of 216 

Mill  Creek,  V a. ,  measurements  of 214 

Miller,  C.  A. ,  stream  measurements  by . . .  464 
Mill  Point,  N.  Y.,  gaging  station  at,  data 

regarding 38 

hydrographic  work  at 64 

stream  measurements  at 89 

Mills.  Qen.  A. ,  acknowledgments  to 854 

Mills,  W.  M. ,  stream  measurements  by . . .  245 

Mills  River,  N.  C. ,  measurements  of 211 

Millville, W.  Va. ,  hydrographic  work  at .  120-121 

rating  table  for 611 

Milstead,  Ala. ,  hydrographic  work  near . .  168 

rating  table  for 614 

Minetto,  N.  Y.,  gaging  station  near,  data 

regarding 38 

hydrographic  work  near 229-280 

stream  measurement  near 39 

Minnesota,  hydrographic  work  in 260 

Mingus,W.,aidby 190 

Mission  Creek ,  Mont. ,  measurement  of . . .  436 

Mississippi,  hydrographic  work  in 174-175 

Mississippi  River  at  St.  Paul,  Minn.,  gage 

heights  of 280 

Missoula  River  at  Missoula,  Mont.,  meas- 
urements and  gage  heights  ot . .  432-438 

rating  table  for 522 

Missouri  River  at  Townsend,  Mont.,  meas- 
urements and  gage  heights  of . .  265-266 

rating  table  for 516 

Mitchell  River,  N.  0. ,  measurements  of . .  204 

Mixer,  C.  A. ,  acknowledgments  to 32 

Moccasin  Creek,  Ga. ,  measurement  of 217 

Mohave  River  at  Victorville.  Cal.,  meas- 
urements and  gage  heights  of ..  468-464 
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Mohawk  River,  N.Y.,  regimen  of 43-13 

Mohawk  River  near  Dunsbach  Ferry, 

N.  Y. ,  gage  heights  of,  1898-1900. . . .  6»-n 

gaging  station  on,  data  regarding S8 

Mohawk  River  at  Little  Falls,  N.Y., dis- 
charge of  (daily),  1898-1900 54-55 

diversions  from,  measurements  of . . .      53 

gaging  station  on,  data  regarding 38 

measurements  of 30.52-54 

Mohawk  River  at  Rezford  Flats,  N.Y., 

discharge  of  (daily),  1896-1900 68-60 

diversions  from, measurements  of ...  66-67 

gaging  station  on,  data  regarding 38 

measurements  of 68 

Mohawk  River  at  Ridge  Mills,  N.Y.,  dis- 
charge of  (daily),  1898-1900 4345 

gaging  station  on .  data  regarding  ....      38 

measurements  of 39 

Mohawk  River  at  Riverside  Bridge,  N.  Y., 

measurement  of ^     39 

Mohawk  River  at  Rome, N.Y., measurer 

mentsof 39 

Mohawk  River  near  Schenectady,  N.  Y., 

gaging  station  on,  data  regarding.       38 
measurements  and  gage  heights  of.  88, 65-66 
Mokelumne  River,Cal. ,  measurements  of.     480 
Molina,  Ga.,  hydrographic  work  at,  refer- 
ence to 157 

Moncure,  N.  C,  gage  heights  of  Deep 

River  at,  for  1899 11 

horsepower  of  Deep  River  available 

at,  during  1889 12-14 

stream  measurements  at 137 

Mondragon,  R.,  aid  by 349 

Monocacy   River  near  Frederick,  Md., 
measurements  and  gage  heights 

of 125 

rating  table  for 512 

Monroe,  G.H.,  aid  by 35-36 

Monroe  Creek.  Nebr . ,  measurement  of . . .     311 

Montana,  hydrographic  work  in 26O-d0, 

430-438 

rating  tables  for  streams  in 516,533 

stream   measurements  in,  miscella- 
neous  268-269 

Montgomery,  Ala.,  hydrographic  work 

at 168-169 

Montgomery  Creek,  Gha.,  measurement 

of 308 

Montgomery  Ferry,  Idaho,  hydrographic 

work  at 428 

Montrose,  Colo. ,  hydrographic  work  at.  379-360 

rating  table  for 520 

Moody  Mill  Creek,  N.  C,  measurement 

&t 215 

Moorhead,    Tex.,    hydrographic    work 

near 362-363 

Mooseriver,  N.  Y.,  gaging  station  at,  data 

regarding 38 

hydrographic  work  at 2AI-S3& 

Moose  River  at  Mooseriver,  N.  Y.,  gage 

heights  of 2K 

gaging  station  on,  description  of.  38.234-235 

water  powersof 235 

Morgan  ton,  N.  C,  hydrographic   work 

near 140-143 


INDEX. 


563 


Pa«re.    ' 

Morley  F.,  cited 240 

stream  measurements  by 3422,  S45 

Moro,  Oreg.. gaging  station  at, reference 

to 446 

Morri8on,Colo.,hydrographic  work  at.  284-285 

rating  table  for 517 

Morse  River,  Wash. ,  measurement  of .  . .      460 

Mount  Wilson,  Colo. ,  elevation  of 380 

Mountain  Creek,  N.  C. ,  measurements  of .      205 
Moancaintown  Creek,  Ga.. measurement 

of 200 

Muckalee  Creek  near  Albany, Qa., meas- 
urements proposed  on 157 

Mud  C*reek,  N.  C. ,  measurement  of 211 

Mud  Creek,  Tex.,  features  of 345 

Muddy  Creek,  Nebr. ,  measurement  of  —  311 
Muddy  Creek,  N.  C. ,  measurements  of  . . .  205 
Mulberry  Creek,  N .  C . ,  measurements  of .  305 
Mulberry  Creek,  Ten  n. .  measurement  of .  217 
Mulberry  River.  N.  C,  measurements  of.  204 
Mulberry  Spring, Tex . ,  measurements  of .  843 
Murphy,  £.  C.  XMiper  by,  on  tests  to  deter- 
mine accuracy  of  discharge  meas- 
urements of    New    York    State 

canals  and  feeders 18-20 

stream  measurements  by 237 

Murphy,  N.  C,  hydrographic  work  at..  19(^191 

rating  table  for 515 

Muskegon  River,  Mich.,  analysis  of  water 

of 241 

features  of 241^251 

gaging  station  on,  description  of . . .  249-250 

measurement  of 250  | 

Muskrat  Lake,Mich«,  drainage  area  and 

water  surf  ace  of %1 

Myers,  £.  W. ,  acknowledgments  to 9 

gaging  stations  established  by 132, 

133,136,142 

stream  measurements  by 12tt, 

182, 133, 134, 135, 136, 137, 140, 143, 144, 

146, 147, 182, 188, 184, 185, 186, 187, 188, 

189, 190,  205, 211, 212, 213,  214, 215, 216 

Mystic  Ijake,  Mass. ,  reference  to 34 

N. 

Naches  River  at  North  Takima,  Wash., 

measurements  and  gage  heights  of     440 

rating  table  for 522 

Nanticoke,  Pa. ,  stream  measurement  at. .     114 
Nashua  River,  Mass., hydrographic  work 

on 33 

Neal,  N .  C. ,  hydrographic  work  at 131-132 

rating  table  for 512 

Near  Prong  of  Little  River,  Tenn.,meas- 

urementof 217 

Nebraska,  hydrographic  work  in 276-279^ 

306-313 
stream  measurements  in,  miscellane- 
ous  300-306, 810^11 

Neighbors, B.F., aid  by 167 

Nel8on,C.L.,aidby 180 

Nelson,  E.  J.,  aid  by 38 

Neosho  River  near  lola,  Kans.,  measure- 
ments and  gage  heights  of 332 

rating  table  for 518 

Nepesta,     Colo.,     hydrogrpphic     work 

near 325-327 
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Nepesta,  Colo. ,  rating  table  for 518 

Neshaminy    Creek,    Pa.,    discharge    of 

(dally),  1884-1900 90-98 

Neuse  River,  N.  C,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween         14 

efficiency  of,  1897 14 

flood  of,  maximum.  1807 15 

Neuse  River  at  Selma,  N.  C. ,  gage  heights 

of 136 

measurements  of 136 

rating  table  for 512 

volume  of,  maximum  and  minimum. .      185 

Nevada,  hydrographic  work  in 305-400, 

401,403^106 

rating  tables  for  streams  in 520, 581 

Newell,  F.  H.,  letter  of  transmittal  by 7 

Newfound  Creek,  N.  C,  measurements 

of 212 

New  Hampshire,  hyd rographic  work  in . .       34 

New  Jersey,  hydrographic  work  in 80 

rating  table  for  Delaware  River  in. . .      511 

New  Mexico,  hydrographic  work  in 350-353 

Newport,  Pa.,  hydrographic  work  at ..  113-118 

rating  table  for 511 

Newport,  Tenn.,  hydrographic  work  at. .      188 
New  River,  N.  C. ,  hydrographic  work  at .      180 
New  River  at  Fayette,  W.  Va.,  measure- 
ments and  gage  heights  of 181-182 

rating  table  for 516 

New  River  near  Old  town,  Va ,  measure- 
ments and  gage  heights  of 181 

New  River  at  Radford,  Va.,  measure- 
ments and  gage  heights  of 178 

racing  table  for 514 

New  River,  N.  C,  and  tributaries,  meas- 
urements of,  miscellaneous 310-211 

New  York,  canals  and  streams  in,  rela- 
tion between 40 

drainage  areas  of  streams  in 40-41 

gaging  of  streams  in,  methods  em- 

ployedin 37-42 

gaging  stations  in,  table  of 38 

gaging  stations  on  Mohawk  River  in.  42-46, 

53-65,65-71 

hydrographic  work  in 36-80, 222-289 

State  canals  and  feeders  in,  tests  to 
determine  accuracy  of  measure- 
ments of  18-29 

State  dams  and  feeders  in,  location 

of 4^,223-224,226 

stream  measurements  in,  miscellane- 

'   ous 36-39 

New  York  City,  stream  measurements 

near 36 

New  York  Mills,  N.  Y.,  gaging  station  at, 

data  regarding 88 

river  discbarge  at 48-49 

Nicaragua,  o-psudtj  of  water  of  streams  in  1(>-17 
Niles,  Kans.,  hydrographic  work  near .  814-316 

rating  table  for 517 

Nimblewlll    Creek,   Ga.,   measurement      306 

of 131 

Niobrara  River,  Nebr.,  measurements  of. 
Nolichucky  River  near  Chucky  Valley, 
Tenn..  measurements   and    gage 
heights  of 186 
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Nolichncky  River,  N.  C.-Tenn.,  and  txibn- 
taries,  measurements  of,  miscel- 
laneous    212-214 

i^oontootly  River,  Ga. ,  measurement  of . .      218 

Norfolk,     Xebr.,    hydrographic     work 

near 308-300 

North  (of  James)  River  at  Glasgow,  Va., 

measurements  and  gage  heights  of     127 

rating  table  for 512 

North  River  at  Port  Republic,  Va., gag- 
ing station  at,  reference  to 118 

North  Branch  of  Kalamazoo  River,  Mich., 

features  of 257-260 

North  Branch  of  Potomac  River  at 
Piedmont,  W.  Va.,  measurements 

and  gage  heights  of 115-116 

rating  table  for 611 

North  Branch  of  Shenandoah  River  near 
River  ton,  Va.,  measurements  and 

gage  heights  of 118-110 

rating  table  for 511 

North  Branch  of  Susquehanna  River  at 
Danville,  Pa.«  measurements  and 

gage  heights  of Ill 

rating  table  for 511 

North  Branch  of  Susquehanna  River  at 
Wilkesbarre,  Pa. ,  gage  heights  and 

measurements  of 110 

rating  table  for 511 

North  Broad  River,  Ga. ,  measurement  of.     207 
North  Carolina,  efficiency  of  streams  in . .       U 

flood  volume  of  streams  in 14-16 

hydrographic  work  in 181-192, 

134-144, 179-180, 186, 188-101 

rating  tables  for  streams  in 512, 515 

stream  measurements  in,  miscellane- 
ous   206-206 

water  power  on  Deep  River  in 10-15 

Northern  Peninsula  of  Michigan,  water 

powers  in 250-260 

North  Fork  of  Atanum   River,  Wash., 

measurements  of 44S 

North  Fork  of  Brush  Creek,  Cal.,  meas- 
urement of 461 

North  Fork  of  Cache  Creek,  Cal.,  meas- 
urements of 453 

North  Fork  of  Catawba  River,  N.  C, 

measurements  of 204 

North  Fork  of  Elk  Creek,  N.  C,  measure- 
ments of  216 

North  Fork  of  EUchom  River,  Nebr., 

measurements  of 310 

North  Fork  of  French  Broad  River,  N.  C," 

measurements  of 211 

North  Fork  of    Humboldt  River  near 

Peko,  Nov.,  gage  heights  of 305 

North  Fork  of  Kern  River,  CaL ,  discharge 

of  (daily) 462 

measurements  of 461,462 

North  Fork  of  Milk  River,  Mont.,  meas- 
urement of  , 280 

North  Fork  of  New  River,  N.  C. ,  measure- 
ments of,  miscellaneous 210 

North  Fork  of  New  River  at  Weavers- 
ford,  N.  C.«  gaging  station  on,  de- 
scription of  179-180 

measurements  of 180 


North  Fork  of  Republican  River,  Nebr., 

measurement  of .311 

North  Fork  of  Swannanoa  River,  N.  C, 

measurement  of S12 

North  Fork  of  Yuba  River,  Cal. ,  measure- 
ment of 480 

North  Indian  Creek,  N.  C,  measurements 

of 213 

North  Needles  Creek,  Cal.,  measurement 

of «1 

North  Oconee  River,  Ga.,  measurements 

of sj: 

North  Platte,  Nebr.,  hydrographic  work 

at 277-273 

North  Platte  River,  Colo. -Wyo., measure- 
ments of,  miscellaneous 27S-S73 

North  Platte  River,  Nebr.,  measure- 
ments of,  miscellaneous 311 

North  Platte  River  at  Camp  Clarke, 
Nebr.,  measurements  and  gage 
heights  of 27B-2T7 

North  Platte  River  at  Gering,    Nebr., 

measurements  and  gage  heights  of     278 

North  Platte  River  near  Guernsey,  Wyo., 

measurements  and  gage  heights  of     375 
rating  table  for 516 

North  Platte  River  at  North  Platte, 
Nebr.,  measurements  and  gage 
heights  of 277-2:8 

North  Platte  River  at  Orin  Junction, 

Wyo.,  gage  heights  of 274-2:5 

North  Saluda  Creek,  N.  C. ,  measurements 

of 306 

North  San  Juan,  Cal. ,  hydrographic  work 

near 451-452 

North  Toe  River,  N.  C. ,  measurements  of     21? 

North   Takima,    Wash.,    hydrographic 

workat '...,     4^ 

rating  table  for £5 

North  Tuba  River  near  North  San  Juan, 
Cal.,  measurements  and  gage 
heights  of 451 

Nottawa  Creek.,  Mich.,  water  power  on.     255 

Nottely  River,  Ghi.-N.  C,  measurements 

of 217 

Nottingham,  Ala.,  hydrographic  work  at.     ITZ 

Norwood,  N.  C,  gaging  station  at,  de- 
scription of 140 

Nueces  River,  Tex . ,  measurement  of 343 


O. 


Oakdale,  CaL ,  hydrographic  work  near.  455-456 

rating  table  for SSS 

Oakdale,  Ga.,  hydrographic  work  at . . .  15(^159 

rating  table  for 513 

Obert,W,K,aidby 3n» 

Ocmulgee  River  at  Macon,  Ga.,  measure- 
ments and  gage  heights  of 155-156 

rating  tablefor 513 

Ocmulgee   River,  Ga.,  and   tributaries, 

measurements  of,  miscellaneous  .     SOT 
Oconee  River  near  Dublin.  Ga.,  measure- 
ments and  gage  heights  of 132-lo3 

rating  table  for 513 

Oconee  River, Ga., and  tributaries. meas- 
urements of ,  miscellaneous 907 
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OdeU,J.,aidby 187 

Ohio.hydrograpbio  work  in 218-232 

rating  tables  for  streams  in 515 

Ohio  River  water,  turbidity  of,  methods 

of  determining  amoant  of 17-18 

O'Eeefe,  T.   J.,   stream  measurements 

by 810-311 

Okoee  River,  Tenn.,  and  tributaries  of, 

measurements'  of 218 

Olberg,  C.  R.,  stream  measurements  by . .  176 
Old  Field  Creek,  N.  C. ,  measurement  of. .  210 
Oldtown,  Tenn. .  hydrographic  work  at . .  187 
Old  town ,  Va. ,  hydrographic  work  near  . .  181 
Olentangy  River  at  Ck>lumbus,  Ohio, 
measurements  and  gage  heights 

of 218-219 

rating  table  f  or  .r 515 

01mst«d,F.H., reference  to 461 

stream  measurements  by 464 

Oneida  Castle.  N.  Y.,  stream  measure- 
ment at 8D 

Oneida  Creek,  N.  Y.,  measurements  of, 

misoellaneous 39 

Oneida   Creek  at  Kenwood,  N.  Y.,  dis- 
charge of  (daily).  1888-1900 226-227 

gaging  station  on,  data  regarding 38 

measurements  of 39,225 

Onemile  Creek,  Cal. ,  measurement  of 461 

Ontonagon   River,  Mich.,  water  power 

on 259 

Oostanaula  River  at  Resaca,  Ga.,  meas- 
urements and  gage  heights  of . .  162-168 

rating  table  for 514 

Opacity  of  water,  effect  of  tropical  vege- 
tation on lfr-17,18 

Orchard. Colo.,  hydrographic  work  at .  282-288 

rating  table  for 517 

Oreana,  Nev.,  hydrographic  work  near.  398-399 

rating  table  for 520 

Orf ord,  N.  H. ,  hydrographic  work  at 34 

Oregon,  hydrographic  work  in 444-445 

rating  tables  for  streams  in 522 

Orin  Junction,  Wya, hydrographic  work 

at 274-275 

Oriskany  Creek  at  Oriskany,  K.  Y.,  dis- 
cbarge of  (daily).  1898-1900 46-47 

diversion  from,  measurements  of 46 

gaging  station  on,  data  regarding 38 

measurement  of 39 

measurement  of,  features  of 45-46 

Osgood,  Mrs.C.,aidby 288 

Oswego,  N, Y.,hydrographic  work  near.  231-233 
Oswego  River  above  Minetto,N.  Y.,  gag- 
ing station  on,  data  regarding 38 

measurements  and  gage  heights  of.      39, 

229-231 
Oswego  River  near  Oswego,  N.  Y.,  dis- 
charge of  (daily),  1897-1900 282-233 

gaging  station  on,  data  regarding 38 

power  diversions  from 231 

Oswego  Waterworks  Co. ,  aid  by 38 

Ouray  School,  Utah,  hydrographic  work 

at 371-372 

rating  table  for 519 

Owl  Creek. Ga., measurement  of 217 

Owltown  Creek,  Ga. ,  measurement  of . . . .     209 
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P. 

Paddy  Creek.  X.  C.  measurements  of 206 

Padgham.W.,aid  by 88 

Palouse  River  near  Hooper,  Wash.,  meas- 
urement and  gage  heights  of 443-444 

rating  table  for 622 

Panther  Creek,  Ga. ,  measurement  of 206 

Parks  Creek. Ga.,  measurements  of 208, 209 

Parleys  Creek  near  Salt  Lake,  Utah,  dis- 
charge of  (daily)  421 

Parshall,  A.  J. ,  acknowledgments  to 10 

gaging  stations  established  by..  269,278,275 

stream  measurements  by 269, 

272-273.275,367 
Pasadena,   Cal ,   stream    measurements 

near 471 

Patapsco  River  at  Woodstock,  Md.,  meas- 
urements and  gage  heights  of 115 

rating  table  for 611 

Paul,  E.G.,  gaging  stations  established  by     34, 

80, 110,  111,  112, 115, 116, 125, 176 

stream  measurements  by 36,80, 

110,  111,  112, 113, 114, 115, 116, 

117, 118, 119, 120s  125, 176, 177 

Pawiiaw  Creek,  N.  C,  measurement  of . . .     212 

Pawpaw  River,  Mich. ,  water  powers  on . .      255 

Peach  Bottom  Creek,  Vs.,  measurements 

of 211 

Pecoe,Tez.,hydrographic  work  near  ..  358-361 
Pecos  River  near  Moorhead, Tex., meas- 
urements and  gage  heights  of . .  362-368 
Pecos  River  near  Pecos,  Tex.,  measure- 
ments and  gage  heights  of 858-360 

Peko,  Ne V. ,  hydrographic  work  near 895 

Pelon,F..aid  by 38 

Pennsylvania,  hydrographic  work  in 81-99, 

107-114 

rating  tables  for  streams  in 511 

Pennsylvania  Canal.  Pa.,  measurements 

of 114 

Perkiomen  Creek  at  Frederick,  Pa.,  dis- 
charge of  (daily) 98-99 

Persimmon  Creek,  Ga., measurement  of.     218 

Peryam,W.T.,aidby 273 

Peryam*8    ranch,    Wyo.,    hydrographic 

work  at 278 

rating  table  for 616 

Peteetnetr  Creek,  Utah,  features  of,  and 

irrigation  from 499,507-608 

measurements  of 4^,607 

Peters,  H.,  aid  by 88 

Petits  Creek,  Gkw ,  measurement  of 208 

Philadelphia,   Pa.,   hydrographic    work 

near 81-99,107-110 

Picianco  Creek,  Colo. ,  measurement  of . . .  875 
Piciance  River,  Colo., measurement  of. . .  375 
Piedmont,  W.  Va.,  hydrographic   work 

at 115-116 

rating  table  for 511 

Pigeon  Creek,  Ga.,  measurements  of..  206,218 
Pigeon  River  at  Newport,  Tenn.,  meas- 

uremen  ts  and  gage  heights  of 188 

Pigeon  Roost  Creek,  N.  C,  measurements 

of 213 

Pinto  Creek,  Tex.,  measurement  of 345 

Plain  Creek,  Xebr.,  measurement  of 311 
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Platte  Canyon.  Colo. ,  hydro^aphic  work 

near 280-281 

Platte  River,  Nebr.,  measurement  of,  at 

FremonttNebr 811 

Platte  River  near  Columbus,  Nebr. ,  meas- 
urements and  gage  heights  of..  307-906 
Plum  Tree  Creek,  N.  C. ,  measurement  of.     212 
Point  of  Rocks.  Md.,hydrographic  work 

at 121-J24 

rating  table  for 611 

Point  Pleasant,  Pa.,  hydrographic  work 

at 81-89 

Point  RoclcN.Y.,  stream  measnrementat.  39 
Pokagon  Creek,  Mich.,  water  i)ower  on..  256 
Poison,  Mont.,  hydrographic  work  at —     488 

Pomei,  A.,  aid  by 878 

Pomona  Land  and  Water  Co.,  acknowl- 
edgments to 484 

Portage  Creek,  Mich. ,  water  power  on . . .  268 
Portage  River,  Mich.,  water  power  on. ..      266 

Porter,  D., cited 29 

Porter,  D.  A.,  gaging  station  establiahed 

by 464 

stream  measurements  by 464 

Porter  Creek,  Mich. ,  water  power  on 247 

Port  Republic,  Ya.,  gaging  stations  at, 

reference  to 118 

Post  Creek,  Mont. ,  measurement  of 486 

Potomac  River  at  Point  of  Rooks,  Md., 

gage  heights  of,  1886, 1898-1900 . . .  128-124 
gfaging  station  on,  data  regarding. . .  121-122 

measurements  of 12S 

rating  table  for j...     611 

Power  Creek,  V a. ,  measurements  of S14 

Prall,  C.  T.,  gaging  stations  established 

by 868 

stream  measurements  by 868, 

809,370,372,878,874 

Prather  Creek,  N.  C. ,  measurement  of 210 

Precipitation  on  mountains  in  southern 

California 486-496 

Prentiss,  G.  A..,  aid  by 824 

Presidio,     Tex.,     hydrographic     work 

near 866-866 

Presaey,  H.  A. ,  gaging  stations  established 

by 142,220,221 

pai>er  by,  on  method  of  using  steam 
gagings  for  computation  of  water 

power 10-16 

stream  measurements  by 89, 

204,206,212,213 

Price  Creek,  K.  C,  measurements  of 214 

Price  road  bridge,  Utah,  hydrographic 

work  at 878-374 

rating  table  for 519 

Prlndell,  L.  M. ,  acknowledgments  to 195 

Proctor,  J., aid  by 280 

Prosser  Creek,  CaL,  measurements  of 405 

Provo,  Utah, hydrographic  work  near..  416-417 

rating  table  for 621 

Provo   River,    Utah,   canals   diverting 

water  from,  measurements  of  ..  600-608 

evaporation  from  canals  along 601 

features  of,  and  irrigation  from.  499,500-606 

measurements  of,  miscellaneous 499 

seepage  from  canals  along 600-601 


Paffe. 
Provo  River  near  Provo,  Utah,  measure- 
ments and  gage  heights  of 416-417 

rating  table  for 581 

Prowers,  Colo. ,  hydrographic  work  at . . .     S8 
Pueblo, Colo., hydrographic  work  at ...  325-^ 

rating  table  for 518 

Pulaski,  N.  T.,  ga^^ing  station  near,  data 

regarding 88 

hydrographic  work  at 39,S8i 

Pumping  plants  in  southern  California. 

features  of 497-496 

measurements  of 487 

Pumpkin  Creek,  Oa. ,  measurement  of 200 

Pumpkin  Vine  Creek,  Ga.,  measurement 

of 206 

Puta  Creek,  Cal. ,  measurement  of 480 

Puzzle  Creek,  N.  C. ,  measurement  of 206 

Pysht  River.  Wash. ,  measurement  of 450 

Q. 

QuiUayute,  Wash.,  hydrographic  work 

near 449-450 

rating  table  for S88 

R. 

Radford,  Va., hydrographic  work  at 178 

rating  table  for 614 

Rafter,  G.W.,  cited 78,77 

dam  built  under  supervision  of 71 

gaging  stations  established  by 73, 75 

Ragland,  T.  R. ,  acknowledgments  to 120 

Rainfall  on  mountains  in  southern  Cali- 
fornia  496-498 

Ramel,  H.,  stream  measurements  by 456 

Randolph,  Ya.,  hydrographic  work  at . .  133-IS4 
Rapid  Creek,  8.  Dak. ,  measurements  of  . .     27S 

Rapier  Creek,  N.  C. ,  measurement  of 817 

Rating  tables 510-523 

Rattlesnake  Creek  at  Missoula,  Mont., 
measurements  and  gage  heights 

of m-4s 

Rawlston  Creek,  Ga. ,  measurement  of 208 

Reams  Creek,  N.  C,  measurements  of 212 

Redbluff ,  Mont. ,  hydrographic  work  at.  283-294 

rating  table  for 616 

Red  Cedar  River,  Mich.,  gaging  station 

on,  description  of 246 

water  ]x>wer8  on 247 

Reddle  River,  N.  C. ,  measurements  of 2M 

Itod  Mountain,  Cal.,  hydrographic  work 

near , 459-460 

rating  table  for 523 

Reed,  C.  A,  Jr., aid  by 113 

Reedy  Patch  Creek,  N.  C,  measurement 

of 206 

Regan,  J.  S., aid  by 847 

Reliance,  Tenn.,  hydrographic  workat.  191-198 

rating  table  for 515 

Republican  River,  Nebr.,  measurements 

of ,  miscellaneous 311 

Republican  River  at  Junction,  Kans., 
measurements  and  gage  heights 

of ^ 8UM14 

rating  table  for 517 
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Repabllcan  River  near  Superior,  Kebr., 
measaremente  and  gage  heights 

of 312-813 

Resaca,  GkL,  hydrographic  work  at 102-163 

rating  table  for 5U 

Betreat,  Pa. ,  stream  measurement  at 110 

Rexford  Flats,  N.  Y.,  gaging  station  at, 

data  regarding 38 

hydrographic  work  at 6d-60 

Rioe  Creok,  Mich.,  water  power  on 358 

Riddle  Creek,  Tenn. ,  measurements  of . . .     31 5 
Ridge  Mills,  N.  Y.,  gaging  station  at,  data 

regarding 38 

river  discharge  at 43-45 

stream  measurements  at 30 

Biley,B.,aidby 329 

Rinoon,  CaL,  hydrographic  work  at  and 

near 478-479 

Rio  Grande,  gaging  stations  on  Lower. . .     854 

physiography  of 346 

Bio  Qrsnde,  K.  Mex. ,  hydrographic  work 

at 850-851 

Bio  Grande  at  Cenicero,  Colo.,  measure- 
ments and  gage  heights  of 348-849 

rating  table  for 619 

Bio  Grande  in  Colorado,  measurements 

of,  miscellaneous 806 

seepage  on 306 

Bio  Grande  near  Dei  Norte,  Colo.,  meas- 
urements and  gage  heights  of 847 

rating  table  for 619 

Bio    Grande    near    Devilsriver,    Tex., 
measurements  and  gage  heights 

of 864-886 

Bio  Grande  near  Eagle  Pass,  Tex.,  meas- 

nrementii  and  gage  heights  of..  865-866 
Bio  Grande  near  El  Paso,  Tex.,  measure- 
ments and  gage  heights  of 353-853 

Bio  Grande  at  Embudo,  N.  Mex.,  meas* 

urements  and  gage  heighis  of 850 

Bio  Grande   near  Fort  Hancock,  Tex., 
measurements  and  gage  heights 

of 864 

Bio  Grande  near  Langtry,  Tex.,  measure- 
ments and  gage  heights  of 357-858 

Rio  Grande  above  Presidio,  Tex.,  meas- 
urements and  gage  heights  of 855 

Rio  Grande  below  Presidio,  Tex.,  meas- 
urements and  gage  heights  of . .  856-866 
Rio  Grande  at  Rio   Grande,   N.  Mex., 
measurements  and  gage  heights 

of 860-861 

Rio  Grande  near  San  Marcial,  N.  Mex., 
measurements  and  gage  heights 

of 861-853 

Riverside,    Ala.,     hydrographic    work 

near 164-166 

rating  table  for 614 

Riverside  Bridge,  N.  Y.,  stream  measure- 

mentat 89 

RlvertoUfVa.,  hydrographic  work  near.  118-119 

rating  table  for 611 

Roan   Creek,  Tenn.,  measurements  of, 

miscellaneous 316 

Roan  Creek  at  Butler,  Tenn.,  measure- 
ments and  gage  heights  of 184 
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Roanoke,  Va.,  hydrographic  work  at ..  130-131 

rating  table  for 513 

Roanoke  River,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween          14 

flood  of,  maximum,  1897 15 

Roanoke  River  at  Neal,  N.  C,  mecMure- 

ments  and  gage  heights  of 133 

rating  table  for 513 

volume  of,  maximum  and  minimum . .     131 
Roanoke  Rivor  at  Roanoke,  Ya.,  meas- 
urements and  gage  heights  of . .  130-131 

rating  table  for 513 

Roaring  Creek,  N.  C,  measurement  of  . .     312 

Roaring  Fork,  Colo.,  measurement  of 376 

Roaring  River,  N.  C,  measurements  of .     304 
Robersons  Creek,  N.  C,  measurement 

of 306 

Robinson, T.  A.,  aid  by 148 

Rochester,  N.  Y.,  measurements  of  Erie 

Canal  at 31-33,34-26 

Rock  Creek  at  Zoological  Park,  D.  C, 
meanurement   and  gage   heights 

of 136-126 

Rock  Creek,  Ga.,  measurements  of 309,318 

Rock  Creek,  Mont ,  measurement  of 433 

Bock  Creek,  Nebr. ,  measurement  of 311 

Rock  Creek,  N.  C. ,  measurements  of 313 

Rock  Canyon  Creek,  Utah,  measurement 

of 499 

features  of 509 

irrigation  from 499 

Rockford  Bridge,  N.  Y.,  stream  measure- 
ment at  36 

Rockhlll,  S.  C ,  hydrographic  work  at..  144-145 

rating  table  for 513 

Rockhouse  Creek,  N.  C,  measurements 

of 316 

Rockyford,    Colo.,    hydrographic    work 

near 327 

Rocky  River,  Mich.,  water  power  on 366 

Rogue  River,  Mich.,  water  powers  on..  247,349 

Rollins,  J.  A.,  aid  by 136 

Rome,  Ga.,  hydrographic  work  at 163-164 

rating  table  for 514 

Rome,  N.  Y.,  stream  measurements  at...       89 
Rumford  Falls,  Me.,  discharge  of  Androe- 

ooggin  River  at 81-82 

Rush  Creek,  Va  ,  mea6urement«  of 314 

Russell,  W.  G.,  acknowledgments  to 9 

stream  measurements  by 314, 

816;316.318,330,831,d83 

8. 

8abael,N.Y.,  stream  measurement  at —      89 
Sacramento  River,  Cal.,  measurements 

of,  miscellaneous 480 

Sacramento  River  at  Jellys  Ferry,  CaL, 
measurements  and  gage  heights 

of 460-451,480 

rating  table  for 528 

Sacramento  Valley,  Cal.,  stream  measure- 
ments in,  misoellaneous 480-483 

St.  Clair  Creek,  Va. ,  measurements  of 314 

St.  Joseph  River, Mich., features  of  ....  363-356 
gaging  station  established  on 366 
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St.  Joseph  River,  Mich. ,  measurement  of.      257 

volume  of ,  maximum 267 

St.  Mary  River,  Mont. ,  measurements  of.  260 
St.  Paul,  Minn. ,  hy drogrraphic  work  at . . .  200 
St.  Vrain  Creek,  Colo.,  measurements  of, 

miscellaneous 904 

seepage  along 304 

St.  Vrain  Creek  near  Lyons,  Colo.,  meas- 
urements and  gage  heights  of ..  288-2bD 

rating  table  for 517 

Salem   Pond,  Utah,  discharge  measure- 

mentof 499 

irrigation  from 499 

Salesville«    Mont.,    hydrographic    work 

at 280-261 

rating  table  for 516 

Salida,  Colo. ,  hydrographic  work  at 322-323 

rating  table  for 518 

Salina,  Kans.,  hydrographic  work  near.  315-316 

rating  table  for 617 

Salina,  Utah,  hydrographic  work  near.  42^-424 
Salina  Creek  near  Salina,  Utah,  measure- 
ments and  gage  heights  of 423-424 

Salinas. Cal., hydrographic  work  near..  4o4r455 

rating  table  for 523 

Salinas  River,  Cal. ,  measurements  of,  mis* 

cellaneous 481 

Salinas  River  near  Salinas,  Cal.,  measure- 
ments and  gage  heights  of 464-455 

rating  table  for 533 

Saline  River  near  Salina,  Kans. ,  measure- 
ments and  gage  heights  of 315-316 

rating  table  for 517 

Salisbury,  N.C.,  hydrographic  work  at.  139-140 

rating  t-able  for 512 

Salmon  Creek,  Cal. .  measurements  of 461 

Salmon  River  above  Pulaski,  N.  Y.,  gage 

heights  of 2iU 

gaging  station  on,  data  regarding 38 

measurement  of 39 

Salt  Creek,  Nebr.,  measurement  of 311 

Salt  Creek,  Wyo. ,  measurements  of 272 

Salt    Lake,   Utah,   hydrographic    work 

near 420-423 

Salt  River  at  McDowell.  Ariz.,  gaging 

station  on,  reference  to 386-387 

Saluda  River  at  Waterloo,  S.  C,  measure- 
ments and  gage  heights  of 147 

rating  table  for 513 

San  Antonio  River,  Colo.,  measurements 

of.. 348 

San  Antonio  River,  Tex.,  measurements 

of 340-341 

underground  waters  of 341 

San   Carlos,  Ariz.,  hydrographic   work 

at 885-386 

rating  table  for 520 

San  Diego  Land  and  Town  Company,  Cal., 

wells  and  pumping  plants  of 497-498 

Sandusky  River  at  Fremont,  Ohio,  meas- 
urements and  gage  heights  of  ..  221-222 
Sandusky  River  near  Mexico,  Ohio,  meas- 
urements and  gage  heights  of 221 

Sandy  Creek,  Ala. ,  measurement  of 210 

Sandy  Mush  Creek,  N.  C,  measurements 

of 212 
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San  Felfpe  Springs,  Tex.,  measurement 

of 345-346 

San   G-abriel  canals,  Cal.,  discharge  of 

(daily) 475 

San  Gabriel  River,  Cal. ,  measurements  of, 

miscellaneous 483-4t4 

San  Gabriel  River  above  Azusa,  Cal.,  and 

forks  of ,  discharge  of  (daily)...  472-475 

San  Gabriel  River  at  Azusa,  Cal.,  meas- 
urements of 475 

San  Joaqum  River,  Cal.,  measurements 

of ,  miscellaneous 481 

San  Joaquin  River  at  Herndon,  Cal., 
measurements  and  gage  heights 

of 45tM59 

rating  table  for oS3 

San  Joaquin  Valley,  Cal.,  stream  meas- 
urements in,  miscellaneous 480-1S2 

San  Juan  River,  Colo.,  features  of 381-382 

gaging  stations  in  basin  of 381-3SS 

San  Luis  Rey  River,  Cal.,  gaging  records 

of ,  reference  to 479 

San  Marcial,  N.  Mex., hydrographic  work 

near 351-352 

San  Marcos  River,  Tex.,  measurement 

of 339 

San  Pedro   Creek,    Tex.,  measurement 

of 341-342 

San  Pedro  ditch,  Tex.,  measurement  of  .*  341-34:? 

San  Pedro  Springs,  Tex.,  measurements 

of 340.341 

San  Pitch  River  near  Gunnison,  Utah, 
measurements  and  gage  heights 

of 425 

rating  table  for 5^ 

Santa  Ana  River,  Cal.,  measurements  of, 

miscellaneous 484-487 

Santa  Ana  River  at  Rincon,  CaL,  meaa- 

urementsof  478 

Santa  Ana  River  near  Rincou.  Cal.,  ca- 
nals diverting  water  from,  meas- 
urementsof 479 

Santa  Ana  River  below  Warmsprlngs, 
Cal.,    measurements     and     gage 

heights  of 475-476 

rating  table  for 523 

Santa  Clara  River,  Cal.  ,measurements  of.     4iS 

Santee  Creek,  Ga. ,  measurement  of 3U8 

Sappington,  Mont.,  hydrographic  work 

at 264-265 

rating  table  for 516 

Sauquoit  Creek  at  New  York  Mills,  N.  Y., 

discharge  of  (daily),  1898-19IO 48-49 

gaging  station  on,  data  regarding 38 

Savage,  H.  N.,  well-construction  methods 

of 497-496 

Savannah  River  at  Augusta,  Ga,  meas- 
urement and  gage  heights  of. . .  150-151 
rating  table  for 513 

Savannah  River  near  Calhoun  Falls,  8.  C 
measurement  and  gage  heights 

of 14&-150 

rating  table  for 513 

Savannah    River,   Ga.,    tributaries    «^f. 

measurements  of 307 

Sc*ataway  Creek,  Ga.,  moasui'ement  of ..      217 
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Schenectady,  N.  Y.,  hydrographic  work 

at 66-« 

gaging  station  at,  data  regarding 38 

stream  measurements  at 80 

Schoharie  Creek  at  Erie  Canal  aqnednct, 
N.  Y.,  gage  heights  and  measure- 
ment of 68-64 

gaging  station  on,  data  regarding 38 

Schoharie  Creek  at  Fort  Hanter,  N.  Y.,  ca- 
nal feeder  on,  measurements  of..       61 

dam  on,  leakage  of 61 

discharge  of  (dally),  1898-1900 62-63 

ga/ging  of,  methods  employed  In 60-61 

gaging  station  on,  data  regarding  —       38 

meaanrementa  of 39,60-61 

Schoharie  Creek  at  Mill  Point,  N.  Y., 
gaging  station  on,  data  regard- 
ing          38 

measurements  and  gage  heights  of . . .  39, 64 
Schoharie  Creek  at  Schoharie  Falls,  N.  Y., 
dam  and  power  plant  on,  descrip- 
tion of 64-66 

gaging  station  on,  data  regarding  —       38 

measurements  of 66 

volume  of 43 

Schoharie  Falls,  N.Y.,  gaging  station  at, 

data  regarding 88 

stream  measurements  at 4S,64r-66 

Schroon  River  near  Warrensburg,  N.  Y., 

discharge  of  (dally),  1899, 1900 74 

gaging  station  on,  data  regarding 88 

measurements  of 39,73 

Schuylkill  River  above  Philadelphia,  Pa., 

discharge  of  (dally) 109 

yield  of,  total  monthly 110 

Scioto  River  at  C:k>lumbus,  Ohio,  measure- 
ments and  gage  heights  of 219-220 

rating  table  for 615 

Scott, C.E., aid  by 138 

Scott  Creek,  Ga. ,  measurement  of 206 

Sootte  Creek,  Cal. ,  measurement  of 468 

Scrongetown  Creek,  Gki.,  measurement 

of 209 

Second  Broad  River,  N.  C. ,  measurements 

of 206 

Sediment,  measurement  of 15-18 

Seepage  from  canals  along  Provo  River, 

Utah 500-«)1 

in  Colorado,  computation   and   fea- 
tures of 290-306 

SelniA,  N.  C. ,  hydrographic  work  at 135-186 

rating  table  for 512 

Seneca  River,  N.Y.,  features  of 222-283 

Seneca  River  at  Bald  winsvllle,  N.  Y. ,  gag- 
ing station  on,  data  regarding 38 

measurements  of 30,223 

Sevier  River  near  Ounnison.  Utah,  meas- 
urements and  gage  heights  of . .  425-406 

rating  table  for    521 

Sharp  Creek,  Tenn. ,  measurements  of  . . .     215 
Sharpeburg,   Md.,  hydrographic    work 

near U7-118 

rating  table  for 511 

Sheets  Creek,  Qa. ,  measn remen ts  of 200 

Sheinah  Creek,  Q& ,  measurement  of —      218 
Shell  Creek,  Tenn. ,  measurement  of 216 
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Shenandoah  River  at  Mlllvllle,  W.  Va., 
measurements  and  gage  heights 

of 12(^121 

rating  table  for 511 

Shoal  Creek,  Ga. ,  measurements  of 207, 206 

Shuf  ord ,  R.  E. ,  stream  measurements  by .     186, 

188,189,190 

ShuU,  E.  L.,  aid  by 183 

Shu  tin  Creek,  N.  C,  measurement  of —     212 

Shutts,  J.,  aid  by 88 

Sickman,  A.  F.,  acknowledgments  to  —  35 
Slloam,  N.  C,  hydrographic  work  at . . .  138-130 
Silver  Creek,  N.  C,  measurements  of  —  205 
Singleton  ditch,  Qtk. ,  measurement  of  —  206 
Sinking  Creek,  Tenn.,  measurements  of.    215, 

216 
Sioux  Falls,  S.  Dak.,  hydrographic  work 

near 271 

Slttlngdown  Creek,  Qa. ,  measuremen  t  of .      208 
Six-tenths  method    of    making    meter 
measurements,   description    and 

application  of 20,24-29 

Six-tenths  and  Integrating  methrjds,  com- 
parison of  results  by 24 

Sliter,  E.  L.,  aid  by 437 

SmartvlUe,    Cal.,    hydrographi*'     work 

near 452^458 

Smith,  E.  A.,  acknowledgments  to 9 

Smith,  F.  D. ,  acknowledgments  to 0 

gaging  stations  established  by 437, 438 

stream  measurements  by 430, 

481, 43:2, 433, 436. 437 

Smith,  F.  W.,  aid  by 88 

Smith,  G.  E. ,  acknowledgments  to 9 

gaging  station  established  by 300 

Smith. H.  v.. aid  by 416 

Smith, Mrs.  M.D., aid  by 880 

Smith,  W.H.,  aid  by 377 

Smith  wick  Creek ,  Ga. ,  measurement  of . .      208 
Smoky  Hill  River  at  Ellsworth,  Kans., 
measurements  and  gage  heights 

of 316-317* 

rating  table  for 517 

Snake  River,  Colo.,  measurements  of 375 

Snake  River  at  Montgomery  Ferry,  Idaho, 

measurement  of 426 

Snow  Creek,  N.  C. ,  measurement  of 213:' 

Soldier  Creek,  Nebr . ,  measurements  of  . .     311 
Soleduck  River  near  Quillairute,  Wash., 
measurements  and  gage  heights 

of 449-460 

rating  table  for &» 

Solomon  River  near  Niles,  Kans.,  meas- 
urements and  gage  heights  of..  314-315 

rating  table  for 517 

Soque  River,  Ga. ,  measurement  of 206 

South  River  at  Port  Republic,  Va. ,  gaging 

station  at,reference  to 118 

South  Boston,  Va.,  hydrographic  work 

at 182-133 

South  Boulder  Creek,  Colo.,  measure- 
ments of,  miscellaneous 304 

seepage  along 304 

South  Boulder  Creek  near  Marshall, 
Celo.,  measurements  and  gage 
heightsof 286-287 
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South  Branoh  of  Dowagriac  Creek,  Mich., 

water  powers  on 255 

South  Branch  of  Kalamazoo  Biver,  Mich., 

features  of %7'269 

South  Branoh  of  Pawpaw  Biver,  Mich., 

water  powers  on 266 

South  Branch  of  Potomac  River  near 
Springfield,  W.  Va.,  measure- 
ments and  gage  heights  of lld-U7 

South  Branch  of  Shenandoah  River  at 
Front  Royal,  Ya.,  measurements 
and  gage  heights  of 119-120 

South  Broad  Biver,  Qa.,  measurement 

of 2m 

South  Canyon  ditch,  Colo.,  measurements 

of 324 

South     Carolina,    hydrographio    work 

in 144-148,149-160 

rating  tables  for  streams  in 612, 618 

South  Dakota,  hydrographio  work  in..  270-272 
stream  measurements  in,  miscella- 
neous        272 

Southern  Appalachian  region,  gaging  sta- 
tions established  in 188, 

140^141,179,182,186,187 
stream  measurements  in,  miscella- 
neous    20S-218 

South  Fork  of  American  River,  Cat, 

measurements  of 480 

South  Fork  of  Atanum  River,  Wash., 

measurement  of 448 

South  Fork  of  Elk  Creek,  N.  C,  measure- 
ments of 216 

South  Fork  of  French  Broad  River,  N.  C, 

measurement  of 211 

South  Fork  of  Holston  River  at  Bluif 
City,  Teun.,  measurements  and 
gage  heights  of 182-188 

South  Fork  of  HolBton  River,  ya.-Tenn., 
and  tributaries,  measurements  of, 
miscellaneous 214-216 

'South  Fork  of  Humboldt  River  at  Mason's 
ranch,  Nov.,  measurements  and 

gage  heights  of 806-897 

rating  table  for 620 

South  Fork  of  Kern  River,  CaL ,  measure- 

mentsof 402 

South  Fork  of  Milk  River,  Mont.,  meas- 
urement of  289 

South  Fork  of  New  River,  N.  C,  meas- 
urements of,  miscellaneous 210 

South  Fork  of  New  River  at  New  River, 
N.  C,  measurements  and  gage 
heights  of 180 

South  Fork  of  Republican  River,  Nebr., 

measurement  of 311 

South  Fork  of  South  Platte  River,  Colo., 

hydrographio  work  along 280 

South  Indian  Creek,  N.  C, measurements 

of 218 

Southland,  W.  J.,  acknowledgments  to..     281 

South  Needles  Creek,  Cal.,  measurement 

of 461 

South  Platte  River.  Colo.-Nebr.,  features 

of 278-279 


Page. 
South  Platte  River,  Colo.-Nebr.,  measure- 
ments of,  miscellaneous.  284, 300-303, 311 

8eei>age  along 800-303 

South  Platte  River  at  Denver,  Colo. ,  meas- 
urements and  gage  heights  of. .  281-288 

rating  table  for 517 

South  Platte  River  at  Julesburg,  Colo., 

measurements  of 283 

South  Platte  River  at  Orchard,  Colo., 
measurements  and  gage  heights 

of 2S2-283 

rating  table  for 517 

South  Platte  River  near  Platte  Canyon, 
Colo.,  measurements   and   gage 

heights  of 280-281 

rating  table  for 517 

South  Platte  River,  Colo.,  and  tributa- 
ries, measurements  of,  miscellane- 
ous  284,300-308 

South  Prong  of  Panther  Creek^Ga,  meas- 
urement of  208 

South  Saluda  Creek,  N.  C,  and  tributa- 
ries, measurements  of 208 

South  Toe  Creek,  N.  C,  measurementsof .  213 
Sowbelly  Creek,  Nebr.,  measurement  of.  811 
Spanish  Fork,  Utah,  measurement  of —  498 
features  of,  and  irrigation  from.  489,508-504 
Spanish  Fork  near  Mapleton,  Utah,  meas- 
urements and  gage  height  of...  415-416 

Spioer,  L.  E.,  aid  by : 270 

Spokane  River  at  Spokane,  Wash.,  meas- 

uremente  and  gage  heights  of..  438-438 

rating  table  for 522 

Spriggs  Creek,  Ga. ,  measurements  of 206 

Spring  Brook,  Mich. ,  water  power  on  —     2S6 

Spring  Creek,  N.  C. ,  measurements  of 312 

Spring  Creek,  S.  Dak.,  measurements  of.     27S 
Spring  Creek,  Tenn. .  measurements  of . .     218 

Spring  Creek,  Va. .,  measurements  of 214 

Springfield,  W.  Va. ,  hydrographio  work 

near 116-117 

Spring  Lake  Creek,  Utah,  measurements 

and  features  of 480,500 

irrigation  from 499 

Squaw  Creek,  Cal.,  measurements  of 406 

Squaw  Creek,  S.  Dak. ,  measurements  of . .     S7S 
Squirrel  Creek,  N.  C. ,  measurement  of . . .     212 

Staleys  Creek,  Va. ,  measurement  of 215 

Standard  silica  solution  for  determining 

turbidity  of  water,  value  of 17-18 

Standish.  Cal. ,  hydrographio  work  near.     407 
Stanislaus  River,  CaL ,  measure;inents  of, 

miscellaneous 480,481 

Stanislaus  River  near  Oakdale,  Cal., 
measurements  and  gage  heights 

of 455-4S6 

rating  table  for S& 

Starr  Creek,  Ga. ,  measurement  of 21S 

Stanton  Creek,  Cal. ,  measurement  of  —     453 
Staunton  River  at  Randolph,  Va. ,  meas- 
urements and  gage  heights  of . .  133-134 
Steamboat  Creek  at  Steamboat  Springs, 
Nev.,  measurements  and  gage 

helghtsof 408 

rating  table  for 521 
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Pa^e. 
Steams,  F.  P. ,  stream  measurement  by . . .     250 

Steel  Creek,  N.C.,meaAarement  of 306 

Steelton,  Pa. ,  stream  measurements  at. .      114 

Stekoa  Creek,  Qa. ,  measurement  of 206 

Stewart,  J.  T. ,  stream  measurements  by .     272 

Stink  Creek, Ghu, measurement  of 217 

Stockade  Beaver  Creek,  Wyo.,  measure- 

mentsof 272 

Stokes,   H.   G.,   stream    measurements 

by 208,217,218 

Stone  Mountain  Creek,  Qa. ,  measurement 

of 207 

Stoney  Creek,  Oal„  measurement  of 480 

Stony  Creek,  N.  C. ,  measurements  of 20B 

Stony  Creek,  Tenn.,  measurements  of 216 

Stout,  O.  V.  P. ,  acknowledgments  to 9 

gaging  stations  established  by 270, 271 

stream  measurements  by 270, 

271,308,800,310,811,812 
Strawberry  Creek,  Utah,  measurements 

of 874 

Stream  gagings,  method  of  using,  for 

oomputation  of  water  power 10-15 

Sturdeyant,   Ala.,   hydrographlo    work 

near 167 

Suches  Creek,  Ghk, measurement  of 218 

Sudbury    River,    Mass.,    hydrographic 

work  on 33 

run-off  in  basin  of 34 

Sugar  Creek,  Oa.,  measurement  of 200 

Sumach  Creek,  Ga. ,  measurements  of 200 

Summit  Creek,  Utah,  measurements  of.  480, 600 

irrigation  from 409 

Superior,    Nebr.,    hydrographlo    work 

near 312-813 

Susan  River  near  Susanyille,Cal.,  meas- 
urements and  gage  heights  of  ... .     406 
Susanna,  Ala. ,  hydrographic  work  near.  166-167 

rating  table  for 614 

Susan  ville,CaL ,  hydrographic  work  near.     408 
Susquehanna  River  at  Harrisburg,  Pa., 

measurements  and  gage  heights 

of.... 113-114 

rating  table  for 611 

Swan  Creek,  Mich. ,  water  powers  on. . .  256, 268 

Swan  River,  Mont.,  features  of 434 

Swan     River    near    Holt,   Mont.,  gage 

heights  and  measurement  of  ...  .436-437 
Swannanoa  River,N.  C. ,  measurement  of.  211 
Sweetwater  River  at  Sweetwater  dam, 

Cal., records  of,reference  to 470 

Swendsen,  G.  L. ,  acknowledgments  to 9 

gaging  stations  established  by 412 

stream  ineasurements  by 400, 

410,411,412,413 
Sylco  Creek,  Tenn. ,  measurement  of 218 


T. 


Tahoe,  CaL ,  hydrographic  work  at 402-403 

rating  table  for 620 

Tails  Creek,  Ga. ,  measurement  of 200 

Taliaferro, R.M., aid  by 133 

Talking  Rock  Creek,  Ga.,  measurement 

of 209 


Page. 
Tallad^ra  Creek,  Ala.,  measurement  of, 

atKymulga,Ala 210 

Talladega  Creek  at  Nottingham,  Ala., 
measurements  and  gage. heights 

of 173 

Tallapoosa    Creek,  Ala.,    measurement 

of 210 

Tallapoosa  River  near  Milstead,  Ala., 
measurements  and  gage  heights 

of 168 

rating  table  for 514 

Tallapoosa  River  near  Sturdevant,  Ala., 
measurements  and  gage  heights 

of 167 

TaIlai>ooea   River  near   Susanna.    Ala.,  ' 
measurements  and  gage  heights 

of iaft-l«7 

rating  table  for 514 

Tallapoosa  River,  Ala.,  and  tributaries, 

measurements  of,  miscellaneous. .      210 
Tallesschatchee    Creek,   Ala.,  measure- 

mentof 210 

Tallulah  Falls,  Ga.,  hydrographic  work 

at 148 

rating  table  for 518 

Tallulah  River,  Ga.,  measurement  of, at 

Burton,  Gki 206 

Tallulah  River  at  Tallulah  Falls,  Ga., 
measurements  and  gage  heights 

of 148 

rating  table  for 513 

Tanner,  C,  gaging  stations  established 

by 423.4:J4,425 

stream  measurements  by 423, 424, 426 

Tar  River,  N.  C,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween         14 

flood  of ,  maximum,  1807 16 

Tar  River  at  Tarboro,  X.  C,  gage  heights 

and  measurements  of. 134- 136 

rating  table  for 612 

volume  of,  maximum  and  minimum  .     184 
Tarboro,  N.  C,  hydrographic  work  at. .  184-186 

rating  table  for 512 

Tates  Creek,  Ga. ,  measurement  of 206 

Taylor,  C.  V. ,  stream  measurements  by  . .     406 

Taylor,  L.  H. ,  acknowledgments  to 0 

gaging  stations  established  by 306, 

400,407,406 

stream  measurements  by 386, 

306, 307, 308, 403, 404, 405, 407, 408 

Taylor,  T.  U. ,  acknowledgments  to 0 

stream  measurements  by 336, 

337, 338, 339, 340,  .^1 ,  343, 344, 345, 361 
Telllco  River,  Tenn, ,  measurement  of  . . .  317 
Tenmile  River,  N.  T.,  measurements  of  . .       36 

Tennessee,  hydrographic  work  in 182-186, 

187-188,191-192,180-195 

rating  tables  for  streams  in 516 

stream  measurements  in,  miscellane- 
ous   212,213,214,21.5,216-217,218 

Tennessee  River  at  Chattanooga.  Tenn., 

gaging  station  on,  description  of  .  196 
measurements  and  ga};e  heights  of  . .  195 
rating  table  for 615 
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Tennessee  Rirer  at  Enoxville,   Tenn., 
measurements  and  gage  heights 

of 193-194 

Tennessee  River,  tribntariefl  of,  measure- 
ments of,  miscellaneous 217 

Terry,  A.  N., aid  by 88 

Tessantee  River,  Ga. ,  measurement  of . . .     806 
Texas, hydrographic  work  in...  38^-^46,862-866 

rivers  in,  volume  of,  increase  in 332-3R8 

The  Duncan  Company,  aid  by 88 

The  Great  Plains  Water  Co.,  reservoirs  of.     320 
The  Narrows,  Cal.,  hydrographic  work 

at 464-471 

Thermoiwlis,  Wyo.,  hydrographic  work 

near 289 

rating  table  for 616 

Therriault,H.,aldby 438 

Thomas  Creek,  Tenn. ,  measurement  of . .     216 
Thomapple  River,  Mich.,  measurement 

of 246 

water  of,  analysis  of 241 

water  i>ower8  on 247,249 

Thorpe,  L.,  aid  by 416 

Three  Fork  Creek,  N.  C,  measurement 

of 218 

Threemile  Creek,  N.  C,  measurements 

of 212 

Three  Top  Creek ,  N.  C. ,  measurement  of.     210 
Thunder  Bay  River,  Mich.,  features  of.  262-263 

gaging  station  established  on 268 

Tibbetts  Creek,  Cal. ,  measurements  of . . .     461 
Tiokanetley    River,  Ga.,  measurement 

of 209 

Tiger  Creek,  Ga.,  measurements  of 206 

Timber  Cut  Creek,  Ala.,  measurement 

of 210 

Timm,G.,aidby 848 

Timpson  Creek,  Gki. ,  measurement  of 206 

Tobias  Creek,  Cal. ,  measurement  of 461 

Toccoa  River,  Ga.-Tenn.,  and  tributaries, 

measurements  of,  miscellaneous . .     21 8 
Toccoa  River  near  Blueridge,  Ga.,  meas- 
urements and  gage  heights  of 193 

ratingtable  for 616 

Toe  River,  N.  C. ,  measurements  of 212 

Tohlckon  Creek  at  Point  Pleasant,  Pa.* 

discharge  of  (daily),  1888-1889 81-80 

Tombigbee   River  at  Columbus,  Miss., 

gage  heights  of 174-175 

height  of,  maximum  and  minimum..      176 
Tombigbee  River  near  Epes,  Ala.,  gage 

heights  of 175-176 

TowaHga  River  near  Juliette,  Ga.,  meas- 
urements and  gage  heights  of . .  154-155 

rating  table  for 518 

Town  Creek,  Ga.,  measurements  of 208,217 

Town  Creek,  Tenn.,  measurements  of . . .     216 
Townsend,   Mont.,   hydrc^n^phic  work 

at 265-206 

rating  table  for 516 

Toyah  Creek,  Tex.,  features  and  meas- 
urement of 361-362 

Tropical  vegetation,  elTect  of,  on  opacity 

of  water 16-17.18 

Trowbridge,  Mich. ,  power  plant  at 258 


Page. 
Truckee  Basin,  Nev.-Cal.,  stream  meas- 

nrementsin 406 

Truckee  River,  Cal.,  measurements  of, 

miscellaneous 406 

Truckee  River  at  Nevada-California  State 
line,    measurements    and     gage 

heights  of 4GB-«0t 

rating  table  for 581 

Truckee  River  at  Tahoe,  Cal.,  measure- 
ments and  gage  heights  of 402-403 

rating  table  for SdO 

Truckee  River  at  Vista,  Nov.,  measure- 

mex^ts  and  gage  heights  of 4OM06 

rating  table  for 621 

Tuckasegee  River  at  Bryson,  N.  C,  meas- 
urements and  gage  heights  of . .  188-189 

ratingtable  for 5U 

Tucker,  Oreg.,  gaging  station  at,  refer- 

enceto 445 

Tucker  Creek,  N.  C  ,  measurement  of . . .     211 
Tugaloo  River,  Ga.,  tributaries  of,  meas- 

urementsof 206 

Tugaloo  River  near  BCadison,  S.  C,  meas- 
urements and  gage  heights  of 149 

rating  table  for 513 

Tule  canal,  Cal.,  measurement  of 453 

Tule  River,  Cal. ,  measurements  of 4S 

Tuolumne  River,  Cal.,  measurements  of, 

miscellaneous 481 

Tuolumne   River    at    Lagrange,    CaL, 
measurements  and  gage  heights 

of 4fi<M58 

rating  table  for as3 

Turbidity  of  water,  methods  of  determin- 
ing amountof 16-18 

Turkey  Creek,  GkL,  measurement  of 209 

Turkey  Creek,  Nebr.,  measurement  of . . .  811 
Turkey  Creek,  N.  C. ,  measurements  of . . .  212 
Turkey  Cove  Creek,  N.  C,  measurements 

of 206 

Turlock  canal,  Cal.,  measurements  of  ..  457,458 

Turner  Creek,  Ga.,  measurement  of 208 

Tuscaloosa,  Ala  ,  hydrographic  work  at.  170-171 

rating  table  for 514 

Twin  Lakes,  Colo.,  hydrographic  work 

at 320-3S 

rating  table  for 518 

Twin  Lakes  Land  and  Water  Co.,  reser- 
voirs of  3S0-aSl 

Twin  Rock  Bridge,  N.T.,  gaging  station 

at,  data  regarding 38 

hydrographic  work  at 49-^ 

stream  measurement  at .^ 39 

Twombly,  A.  H.,  acknowledgments  to 31 

Two   Medicine   River,  Mont.,   measure- 
ments of 


U. 


Uinta,  Utah,  hydrographic  work  near. .  414r-415 
rating  table  for 5ES1 

Uinta  River  at  Fort  Duchesne,  Utah, 

canals  from,  measurements  of 871 

measurementH  and  gage  heights  of.  dSO-STl 
rating  tables  for 519 
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Uinta  BlTer  at  Onray  School,  Utah^meas- 

ureznenta  and  gage  heights  of . .  371-87S 

rating  table  for 519 

Uinta   River    near   Whiterocks,   Utah, 

measarementsof 969 

rating  table  for 519 

Umatilla  River  at   Gibbon,  Oreg.,  gage 

heights  of 4U-445 

rating  table  for 622 

Uncompahgre  River,  Colo.,  measure- 
ments of ,  misoellaneons 906 

seepage  along 806 

UnoomiMhgre  River  at  Fort  Crawford, 
Cola,  gaging  station  on,  refer- 
ence to 379 

Uncompahgre  River  at  Montrose,  Colo., 
measurements  and  gage  heights 

of 379-380 

rating  table  for 5S0 

Uneva,  W.  Va. ,  hydrographic  work  near .      177 
Union  Gap,  Wash.,  hydrographic  work 

at 441-442 

rating  table  for 528 

United  States  Weather  Bnrean,  acknowl- 
edgments to 10 

Upper  Creek,  N.  C. ,  measurements  of 205 

Utah,  hydrographic  work  in. . . .  96&-d74, 411-428 

irrigation  in  Utah  Valley  In 486-509 

rating  tables  for  streams  in 519,521 

Utah  Lake,  Utah,  area  of 499 

gage  heights  of 419-480 

Utah  Valley,  Utah,  features  of 499 

irrigation  in 496-509 

seepage  and  evaporation  in 500-^1 

Utica  Electric  Light  and  Power  Co.,  aid 

by 38 

Uva,  Wyo.,  hydrographic  work  near 274 

V. 

Vedder,  H. K., gaging  stations  supervised 

by 246 

Vegetation,  tropical,  effect  of,  on  opacity 

of  water 16-17,18 

Verde  River  at  McDowell,  Ariz.,  gaging 

station  at,  reference  to :{87 

Verdigris    River    near  Liberty,  Eans., 
measurements  and  gage  heights 

of 331 

rating  table  for 518 

Vernal,  Utah,  hydrographic  work  near .  368-369 

rating  table  for 519 

Victor,  CaL    Sec  Victorvllle. 

Victor  ville,  CaL ,  hydrographic  work  at .  463-464 

Virginia,  hydrographic  work  in 118-180, 

126-131,132-134,178,181 

rating  tables  for  streams  in 512, 514 

stream  measurements  in,  miscellane- 
ous  211,214,215 

Vista,  Nev. ,  hydrographic  work  at 404-405 

rating  table  for 621 

W. 

Wabasacon  Creek,  Mich. ,  water  power  on.     258 

Waco,  Tex. ,  hydrographic  work  at 833-334 

Wade  Creek,  CaL,  measurement  of 461 


Page. 
Walden  Creek .  Tenn. ,  meaisurements  of . .      217 
Walker,  E.  D.,  gaging  station  established 

by 63,64,65 

stream  measurementM  by .  39, 61, 63, 64, 66, 68 

Walker.H.A.,  aldby •....       38 

Walker  Creek,  Va ,  measuremeu ts  of 215 

Wallkill  River,  N.  Y. ,  measurement  of ... .       36 

Walls,T.A.,  aid  by 166 

Walnut  Creek,  N.  C. ,  measurements  of . . .      218 

Walnut  River,  Ga ,  measurement  of 207 

Warbonnet  Creek, Nebr. ,  measurement  of     311 

Ward  Creek,  CaL ,  measurement  of 406 

Warden,  P.  R., aid  by 180 

Wards  Creek,  Ga ,  measurement  of 208 

Ware,  W.  J.,  acknowledgments  to 10 

stream  measurements  by  446,447,448,449,450 
Warmsprings,  CaL,  hydrographic  work 

near 475-476 

rating  table  for 523 

Warren,  A.  K., acknowledgments  to 468 

Warrensburg,  N.  Y.,  gaging  station  near, 

data  regarding 38 

stream  measurements  at 39,73-74 

Washington, hydrographic  work  in  ...  438-444, 

445-450 

rating  tables  for  streams  in 582,588 

stream  measurements  in.mlBcellane- 

ous 449,450 

Water,  analjrses  of.  Grand  River,  Mich., 

and  tributaries 241 

movement  of,  in  canals  and  feeders..       19 
opacity  of,  effect  of  tropical  vegeta- 
tion on 16-17,18 

sediment  in,  methods  of  determining 

amount  of 15-18 

Waterloo,  S.  C,  hydrographic  work  at.  147-148 

rating  table  for 518 

Water  power,  method  of  using  stream 

gagings  for  computation  of 10-15 

Watertown,  N.  Y.,  hydrographic   work 

near 39,236-239 

Watertown,  S.Dak.,  hydrographic  work 

near 270-271 

Waterville,  Me. ,  hydrographic  work  at. . .  2^-30 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 
Division  of  Hydrography, 

Washington,  D.  C. ,  April  m,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Prof. 
Israel  C.  Russell,  of  Ann  Arbor,  Michigan,  relating  to  the  geology 
and  water  resources  of  Nez  Perce  County,  Idaho,  for  publication  in 
the  series  of  Water-Supply  and  Irrigation  Papers.  This  is  the  result 
of  the  examination  conducted  during  the  field  season  of  1900.  The 
facts  obtained  have  considerable  value,  not  only  in  the  development 
of  water,  but  also  in  obtaining  a  knowledge  of  the  other  resources  of 
this  important  area.  The  details  and  descriptions  have  increased  the 
length  of  the  manuscript  to  such  an  extent  that,  in  order  to  conform 
with  the  terms  of  the  law  restricting  the  pamphlets  to  100  pages,  it  is 
necessary  to  divide  the  material  into  two  portions,  the  first  or  pre- 
liminary part  relating  to  the  geology  and  physiography  of  the  area, 
and  the  second  part  taking  up  the  water  supply  and  other  economic 
features. 

Very  respectfull3%  F.  H.  Newell, 

ITydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  Sta;tes  Geological  Survey. 
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GEOLOGY  AND  WATER  RESOURCES  OF  NEZ  PERCE 

COUNTY,  IDAHO. 


PART  I. 


By  IsRAKL  C.  Russell. 


liOCATION  AND  GENERAIi  CHARACTEB  OF    KEGION. 

An  investigation  of  the  geology  of  Nez  Perce  County,  Idaho,  was 
made  by  the  writer  during  the  summer  of  1900,  with  special  reference 
to  the  possibilities  of  obtaining  artesian  water.  Field  work  was  car- 
ried on  from  July  4  to  September  11,  and  examination  was  made  of  as 
much  of  the  county  and  adjacent  country  as  time  permitted.  In  the 
absence  of  a  satisfactory  topographic  map,  however,  only  what  is  under- 
stood as  reconnaissance  work  could  be  done,  and  without  such  a  map 
it  is  also  difficult  to  make  a  detailed  and  accurate  presentation  of  the 
facts  observed.  For  these  reasons  this  paper  should  be  considered  as 
simply  a  report  of  progress,  and  not  a  complete  and  detailed  geologic 
survey  of  the  region  visited  and  studied. 

Nez  Perce  County,  as  is  shown  on  PL  I,  is  situated  in  western  Idaho. 
It  is  bordered  on  the  west  by  portions  of  Washington  and  Oregon,  and 
the  dividing  line  between  these  two  States  if  prolonged  eastward 
would  cross  the  county  about  10  miles  from  its  southern  boundary, 
As  will  be  seen  on  the  accompanying  geologic  sketch  map  (PL  II),  the 
western  border  of  the  county,  to  within  about  4  miles  of  Lewiston,  is 
marked  by  the  middle  line  of  Snake  River.  The  other  portions  of  the 
boundary  need  not  be  described,  as  they  are  indicated  on  the  map 
referred  to,  but  it  will  be  convenient  to  bear  in  mind  their  relations 
to  certain  conspicuous  topographic  features.  A  part  of  the  southern 
boundary  is  formed  by  Salmon  River,  and  another  part  by  Lawyers 
Creek,  while  the  eastern  boundary  is  determined  by  Clearwater  River 
and  the  South  Fork  of  the  same  stream.  Each  of  the  streams  just  men- 
tioned, and  also  Snake  River  throughout  the  portion  of  its  course 

shown  on  PL  U,  flows  in  a  canyon  2,000  or  more  feet  deep,  so  that 
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throughout  much  of  its  course  the  boundary  of  the  county  coincide^^ 
with  strongly  pronounced  features  in  the  relief  of  the  land. 

The  approximate  area  of  the  county  is  1,335  square  miles — somewhat 
larger  than  that  of  the  State  of  Rhode  Island.  It  is,  however,  one  of 
the  smaller  of  the  twenty -one  counties  into  which  Idaho  is  divided. 
The  main  portion  of  the  county  lies  between  latitude  46^  and  46  -  35' 
N., and  between  longitude  116^  and  117°  W.  The  county  seat  is  Lewis 
ton,  which  has  a  population  of  2,425  and  is  situated  on  its  western 
border,  at  the  junction  of  Clearwater  River  with  Snake  River.  Lewis- 
ton  is  connected  with  Clarkston,  Washington,  on  the  west  side  of  Snake 
River,  by  a  fine  steel  cantilever  bridge.  These  two  towns,  frequently 
designated  Lewiston-Clarkston,  have  a  joint  population  of  4,000. 
There  are  also  many  villages  and  hamlets  scattered  throughout  the 
county  and  over  the  adjacent  country,  more  especially  to  the  east  and 
north,  and  isolated  farmhouses  and  settlers'  cabins  are  numerous.  The 
population  of  the  county  is  13,748.     Agriculture  is  the  chief  industry. 

An  examination  of  any  recent  map  of  the  New  Northwest  will  show 
that  branches  of  the  Northern  Pacific  Railroad  and  of  the  tracks  of 
the  Oregon  Railway  and  Navigation  Company  extend  into  Nez  Perce 
County  and  the  country  adjacent,  and  terminate  without  making 
through  connections.  These  branches  of  two  great  trunk  railroad  sys- 
tems suggest  at  once  that  the  newly  settled  region  which  they  invade 
has  something  that  invites  capital,  and  it  will  be  found  that  the  attrac- 
tion which  has  drawn  the  steel  bands  through  profound  canyons,  across 
broad  plateaus,  and  over  rugged  mountains  is  mainly  wheat.  No  doubt 
it  will  be  a  surprise  to  many  of  my  readers  to  learn  that  the  eastern 
portions  of  Washington  and  Oregon,  with  an  adjacent  strip  of  country 
in  Idaho,  produce  annually  from  50,000,000  to  60,000,000  bushels  of 
wheat,  as  well  as  considerable  quantities  of  other  grain.  This  great 
and  lupidly  growing  industry  is  based  on  the  remarkable  fertility  of 
the  soil  and  the  favorable  climatic  conditions.  The  fine,  dark,  rich  soil, 
as  will  be  shown  later,  has  resulted  from  the  disintegration  and  decay 
of  certain  widely  spread  volcanic  rocks,  and  is  of  almost  unrivaled  fer- 
tility. The  climate,  although  in  many  respects  favorable  to  agricultural 
pursuits,  is  not  all  that  might  be  desired.  The  seasons  are  two  in  num- 
ber, winter  and  summer;  or,  to  use  more  descriptive  terms,  a  humid 
season  and  a  dry  season.  The  winters,  more  particularly  in  the  valleys 
and  canyons  and  on  the  lower  plateaus,  are  wet.  Snow  seldom  lies  on 
the  ground  for  more  than  a  few  days  at  a  time,  but  damp,  chilly  weather 
is  prevalent,  and  practically  all  the  rain  of  the  year  falls  during  that 
time.  It  is  stated  that  the  only  ''zero  weather"  known  at  Lewiston 
within  the  last  ten  years  or  longer  occurred  in  February,  1899,  when 
the  temperature  during  one  night  fell  to  7i°  below  zero;  the  next  cold- 
est period  was  in  January,  1899,  when  the  thermometer  registered  12^ 
above  zero.     On  the  higher  plateaus  and  mountains,  or,  in  general,  at 
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an  elevation  of  2,000  or  more  feet  above  Lewiston,  equivalent  to  an 
elevation  of  3,000  feet  above  the  sea,  the  climate  throughout  the  year 
is  cooler  and  more  humid  than  at  lower  altitudes,  and  in  winter  the 
cold  is  frequently  severe  and  the  snow  deep.  In  the  Bitterroot  Moun- 
tains, to  the  east  of  Nez  Perce  County,  the  marks  made  on  the  trees 
in  winter,  known  as  ''snow-shoe  blazes,"  are  from  16  to  20  feet  above 
the  ground,  and  show  that  the  snow  accumulates  to  great  depths. 
These  mountains  are  densely  forest  covered,  are  uninhabited,  and 
judging  from  the  nature  of  the  vegetation  the  climate  is  cold  and  the 
precipitation  abundant.  Between  the  two  extremes  in  elevation, 
namely,  the  canyons  and  lower  plateaus  and  the  truly  mountainous 
portions  of  the  country,  there  are  certain  broad  plateaus,  such  as  the 
one  to  the  north  of  Clearwater  River,  termed  in  this  paper  the  Union- 
town  Plateau,  and  the  Camas  and  Kamiah  prairies,  which  have  surface 
elevations  of  about  3,000  feet  and  are  intermediate  in  climatic  condi- 
tions between  the  extremes  just  referred  to.  The  winters,  although 
colder  than  at  lower  elevations,  are  not  severe;  snow  remains  on  the 
ground  several  weeks,  but  seldom  affords  good  sleighing,  and  the  rain- 
fall is  frequently  heavy.  During  the  long,  clear  summers  the  days  are 
hot,  but  the  nights  are  always  cool. 

The  most  populous  portions  of  the  region  are  thus  without  the  cold, 
clear  winter  weather,  with  the  land  snow  covered,  which  forms  so 
characteristic  a  feature  of  the  States  in  the  same  latitude  on  the  eastern 
side  of  the  continent.  On  the  contrary,  the  open  winters  of  western 
Idaho  and  of  adjacent  portions  of  Washington  and  Oregon  are  charac- 
terized by  frequent  changes  from  frost  to  thaw.  The  air  is  frequently 
damp  and  chilly,  and  much  of  the  time  the  roads  are  all  but  impassable, 
on  account  of  the  deep  mud.  The  summers  are  long,  and  in  the  can- 
yons and  on  the  lower  plateaus  the  heat  at  times  is  intense,  the  ther- 
mometer frequently  registering  lOO'^  F.  or  more  in  the  shade.  Owing 
to  the  dryness  of  the  air,  however*,  this  extreme  heat  is  less  oppressive 
than  a  much  lower  temperature  would  be  in  more  humid  lands.  Dur- 
ing the  summer  hot  winds,  the  equivalent  of  the  warm  chinook  winds 
of  winter,  also  occasionally  occur,  which,  particularly  on  the  lower 
plateaus,  sometimes  wither  the  green  grain  in  a  few  hours  and  cause 
great  losses.  During  the  heat  of  the  summer  the  soil  is  dry,  fre- 
quently parched,  and  the  dust  on  the  roads  lies  several  inches  deep, 
being  often  carried  in  the  air  in  dense  clouds. 

The  rainfall  at  Lewiston,  situated  in  the  lowest  and  driest  portion 
of  the  Nez  Perce  region,  is  usually  from  14  to  16  inches  a  year.  Of 
this  meager  amount  the  larger  portion  comes  between  the  first  of 
November  and  the  end  of  March.  With  increase  in  elevation  there  is 
an  increase  in  precipitation,  but  in  the  absence  of  definite  observations 
the  annual  rainfall  on  the  higher  plateaus  can  only  be  judged  from  the 
nature  of  the  vegetation  and  the  success  with  which  various  crops  are 
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cultivated.  On  the  Uniontown  Plateau,  where  the  elevation  is  about 
3,000  feet,  the  annual  precipitation  is  said  to  be  in  the  neighborhood 
of  25  inches.  In  its  original  state  this  broad  plateau  was  without 
trees,  but  was  covered  with  a  luxuriant  growth  of  grasses  and  flower- 
ing annuals,  which  made  it  a  beautiful  prairie.  The  broad  Camas  aud 
K^miah  prairies  also  were  treeless,  and  may  be  considered  to  have 
about  the  same  rainfall  and  other  climatic  features  that  characterize 
the  Uniontown  Plateau.  At  higher  elevations,  beginning,  in  general, 
at  about  3,600  feet,  forests  appear,  and  give  evidence  of  more  abundant 
precipitation. 

In  the  lower  and  drier  portions  of  the  county,  particularly  in  the 
canyons  of  Snake  and  Clearwater  rivers  and  on  the  adjacent  pla- 
teaus, irrigation  is  necessary  for  all  forms  of  agriculture  except 
where  the  land  is  so  low  that  it  is  subirrigated  naturally  from  the 
streams.  On  the  plateaus,  1,500  or  more  feet  above  the  sea,  wheat, 
oats,  barley,  flax,  etc.,  are  grown  without  water  other  than  that 
absorbed  and  retained  by  the  fine  porous  soil,  and  yield  surprisingly 
abundant  returns;  but  orchards,  except  under  unusually  favorable 
local  conditions,  require  irrigation.  On  the  higher  plateaus  and  in 
the  mountains,  although  the  rainfall  is  sufficient  for  growing  fruit,  the 
temperature  conditions  are  unfavorable  except  for  berries  and,  pos- 
sibly, apples.  In  the  valleys  and  canyons,  particularly  those  of  Snake^ 
Salmon,  and  Clearwater  rivers,  where  suitable  land  can  be  had  and 
where  water  for  irrigation  is  also  available,  peaches,  pears,  plums, 
prunes,  cherries,  gi*apes,  berries,  and  garden  vegetables,  all  of  excellent 
quality,  are  produced  in  great  abundance. 

With  reference  to  native  vegetation,  the  Nez  Perce  region  may  be 
divided  into  two  portions,  namely,  prairies  and  forests.  Before  being 
plowed,  the  plateaus  at  elevations  of  3,500  feet  or  less  wei-e  clothed 
with  bunch  grass  and  a  great  variety  of  flowering  annuals.  With  the-se 
natural  meadows  are  to  be  classed  also  the  precipitous  border  of  most 
of  the  canyons,  which  are,  for  the  most  part,  still  in  their  natural  state, 
except  that  they  have  been  utilized  for  stock  ranges  and  are  still  clothed 
with  bunch  grass.  In  early  spring  their  rugged  slopes  ai*e  many  tint< 
of  green,  but  as  the  heat  of  summer  increases  the  grasses  wither  and 
become  yellow.  In  late  summer  the  entire  landscape,  from  any  com- 
manding eminence  rising  above  the  plateaus,  is  various  shades  of  yellow, 
for  then  the  grain  fields  have  changed  to  nearly  the  same  color  as  the 
grass-covered  canyon  walls,  the  only  exception  to  the  prevailing  old- 
gold  color  being  furnished  by  the  rich  brown  of  the  crumbling  rocks 
in  the  canyon  walls,  the  less  prevalent  black  of  the  but  slightly  weath- 
ered basaltic  lava,  and  rectangular  areas  of  deep  black,  as  it;  appears  by 
contrast,  which  mark  the  locations  of  fallow  lands  among  the  grain 
fields. 

While  Nez  Perce  County  and  much  of  the  adjacent  country  is  highly 
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favored  in  many  ways  by  soil  and  climatic  conditions,  there  is  in  gen- 
eral a  scarcity  of  water  available  for  town  supply,  irrigation,  and 
even  for  household  purposes.  While  the  streams  are  numerous,  and 
several  of  them  are  of  large  size,  they  are,  for  the  most  part,  in  deep 
canyons,  and  are  practically  unavailable  for  irrigation  or  other  eco- 
nomic uses.  In  certain  instances,  however,  the  water  of  streams  has 
been  diverted  and  is  being  used  for  irrigation,  but  the  areas  thus 
brought  under  cultivation  are  small  in  comparison  with  the  total  extent 
of  rich  agricultural  land  which  needs  water  at  certain  seasons.  The 
further  utilization  of  the  stream  is  limited  by  the  great  cost  of  con- 
structing storage  reservoirs,  dams,  and  ditches,  and  by  the  conflicting 
interests  involved.  For  these  reasons  attention  has  been  directed  to 
possible  subterranean  sourcas  of  water  supply,  and  a  number  of  wells 
have  been  drilled,  one  of  which  yields  a  good  surface  flow.  It  was 
with  the  hope  that  if  the  geologic  conditions  were  understood  the 
present  scant  water  supply  might  be  increased,  not  only  by  obtaining 
artesian  water  but  by  increasing  the  flow  of  springs,  that  the  studies 
described  in  the  following  pages  were  undertaken. 

GBOIiOGY. 

The  rocks  in  the  Nez  Perce  region  form  two  sharply  defined  groups. 
The  older  group  consists  of  a  large  variety  of  rocks  of  both  igneous 
and  sedimentary  origin,  and  includes  also  great  areas  of  metamorphic 
rock  the  original  nature  of  which  has  not  in  all  cases  been  determined. 
The  younger  group  consists  principally  of  basalt,  but  includes  layers 
of  clay,  sand,  gravel,  volcanic  dust,  and  lapilli  interbedded  with  it. 
The  older  group  was  greatly  divSturbed  by  folding  and  otherwise,  and 
formed  a  land  surface  that  was  deeply  denuded  before  the  younger 
group,  which  in  general  has  been  but  moderately  deformed,  was  spread 
out  upon  it.  Thus,  geologically,  the  two  groups  are  sharply  defined. 
Their  diflferences  are  also  conspicuous  from  the  viewpoint  of  the 
economist.  The  older  group  contains  a  variety  of  excellent  building 
stones,  in  many  places  carries  gold  and  ores  of  various  metals,  and  when 
decomposed  forms  usually  a  light-colored  soil,  which  is  not  fertile; 
while  the  younger  group,  f urnLshing  only  the  black  basalt  and  certain 
soft  beds  of  loosely  compacted  volcanic  dust  which  can  be  used  for 
building  purposes,  is  without  native  metals  or  ores,  but  contains  lig- 
nite which  may  prove  of  value,  and  on  decomposing  furnishes  a  deep, 
rich,  dark  soil  of  marvelous  fertility. 

With  reference  to  the  possibilities  of  obtaining  artesian  water,  only 
the  younger  group  needs  to  be  considered;  and  as  the  principal  aim  of 
the  reconnaissance  was  to  ascertain  to  what  extent  the  geologic  condi- 
tions favor  an  increase  in  the  underground  water  supply,  but  little 
attention  could  be  given,  in  the  time  available,  to  the  study  of  the 
rocks  of  the  older  group. 
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PRE-TERTIARY  TERRANES. 

The  older  rock  group  just  referred  to  is  considered  to  be  of  pre- 
Tertiaiy  age,  partly  because  of  its  lithologic  similarity  to  known  ter- 
ranes  of  older  date  than  the  Tertiary,  but  principally  because  certain 
limestones  found  in  it  carry  obscure  fossils  which  seem  to  indicate  a 
Mesozoic  age,  and  because  the  Columbia  River  lava,  which  overlies  por- 
tions of  it  unconformably,  is  known,  from  the  fossils  contained  in  the 
sedimentary  beds  included  in  it,  to  have  been  outpoured  during  Ter- 
tiary time. 

Bocks  of  older  date  than  the  Columbia  River  lava  are  now  exposed 
at  the  surface.  In  some  places  these  rocks  were  never  covered  by  the 
lava,  and  in  other  places  the  lava  beneath  which  they  were  formerly 
buried  has  been  cut  through  or  removed  by  stream  erosion.  The 
exposures  of  the  former  class,  so  far  as  the  region  shown  in  PL  U  is 
concerned,  are  in  the  foothills  of  the  Bitterroot  Mountains,  and 
where  Cottonwood  Butte,  Kamiah  Buttes,  and  a  few  other  island-like 
areas  rise  above  the  surface  of  the  genei'ally  lava-covered  country. 
The  exposures  of  the  older  formations  due  to  erosion  occur  where 
Snake,  Salmon,  and  Clearwater  rivers  and  some  of  their  tributaries 
have  cut  through  the  lava  and  into  the  rocks  beneath. 

BITTERROOT  MOUNTAINS. 

Comparatively  little  information  is  available  concerning  the  Bitter- 
root  Mountains;  but  it  is  known  that  along  their  western  border  they 
are  composed  principally  of  gneiss  and  mica-schist,  frequently  rich  in 
garnets,  diorites,  etc. ,  with  occasional  poi-phyritic  dikes  and  intrusion$ 
of  rhyolite.  The  trend  of  the  structural  lines  in  the  gneiss  and  schist 
and  of  the  dikes  is  nearly  north  and  south.  About  20  miles  east  from 
the  generalized  western  margin,  as  can  be  seen  along  the  Lolo  trail,  a 
change  occurs,  and  the  great  central  portion  of  the  mountains  is  seem- 
ingly composed  throughout  of  a  light-colored  gmnite  containing  black 
mica  and  frequently  large  ciystals  of  both  white  and  pink  feldspar. 
This  granite  is  the  country  rock  over  a  great  area,  extending  far  to  the 
north  of  the  Middle  Fork  of  Clearwater  River,  and  no  doubt  is  a  part 
of  the  extensive  area  of  similar  rock  in  the  southern  portion  of  the 
same  mountains,  mapped  by  W.  Lindgren  and  shown  by  him  to  be 
intrusive  and  of  post-Paleozoic  age.*  Lindgren  makes  the  statement 
that  this  is  the  largest  granite  area  in  the  United  States,  and  give^ 
a  detailed  description  of  the  rock,  accompanied  by  several  chemical 
analyses. 

A  view  of  the  Bitterroot  Mountains  from  any  commanding  sumaiit 
near  their  western  border  shows  a  multitude  of  peaks  and  sharp,  serrate 

1  The  gold  and  silver  veins  of  Silver  City,  De  Lamar,  and  other  mining  districts  in  Idaho,  by  Walde- 
mar  Loidgren:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  m,  pp.  79^-86. 
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crests  rising  to  a  general  elevation  of  about  6,500  feet  above  the  sea. 
(See  PL  III,  A.)  Between  the  elevations  are  deep  canyons  and  valleys 
with  flaring  sides.  The  topography  is  characteristic  of  an  old  land  sur- 
face, deeply  denuded  and  now  drained  by  a  mature  and  well-developed 
system  of  waterways.  Every  view  of  the  mountains  impresses  one 
with  the  vast  amount  of  erosion  that  has  occurred  in  the  process  of 
shaping  the  present  peaks  and  removing  the  solid  rocks  which  once 
occupied  the  valleys,  and  although  this  herculean  task  taxes  the  imag- 
ination to  picture  and  understand,  it  is  evidently  small  in  comparison 
with  the  total  amount  of  denudation  required  to  lay  bare  the  granite, 
which  at  the  time  of  its  intrusion  must  have  been  covered  to  a  depth  of 
thousands  of  feet  by  rocks  which  were  hardened  by  its  heat. 

To  the  south  of  the  Middle  Fork  of  Clearwater  River  and  in  the 
west-central  part  of  the  Bitterroot  Forest  Reserve,  is  a  i^ange  of  proini- 
nent  peaks  termed  The  Crags,  which  rise  from  3,000  to  4,000  feet  above 
the  general  level  of  the  rugged  land  surrounding  them,  and  have 
patches  of  snow  in  their  sheltered  recesses  late  in  the  summer.  Judg- 
ing from  their  topography  as  seen  at  a  distance,  the  depressions  among 
the  prominent  peaks  appear  to  have  formerly  been  occupied  by  alpine 
glaciei's.  At  least  one  of  the  secondary  peaks,  Rocky  Crest,  situated 
about  16  miles  west  of  Bald  Mountain  and  crossed  by  the  Lolo  trail,  also 
bears  evidence  of  former  glaciation.  On  its  eastern  and  northeastern 
sides  there  are  three  well-defined  amphitheaters  in  the  walls  and  over 
the  bottoms  of  which  are  smoothed  rock  surfaces  such  as  glaciers  leave. 
These  amphitheaters,  eroded  in  the  summit  of  a  bold  mountain,  are 
about  500  feet  deep,  and  on  their  lower  margins  open  out  into  impres- 
sive stream-cut  valleys.  The  glaciers  which  occupied  them  were  in  each 
instance  about  a  mile  in  length  and  were  isolated  from  one  another. 
None  of  the  adjacent  mountains  retain  evidences  of  glaciation,  although 
about  20  miles  to  the  northeast  of  Rock}"  Crest  there  are  prominent 
peaks  which  are  similar  in  form  to  that  mountain  and  which  very  likely 
once  gave  origin  to  small  ice  streams.  This  is  the  only  evidence 
observed  of  the  former  presence  of  glaciers  in  the  region  represented 
on  the  map  forming  PI.  II,  or  over  a  large  area  to  the  east  and  west  of 
that  region.  Seven  Devils  and  Powder  River  mountains,  from  40  to 
50  miles  south  of  the  southern  boundary  of  Nez  Perce  County,  were 
in  plain  view  from  several  points  visited  during  the  reconnaissance,  and, 
judging  from  the  topography  and  the  fact  that  late  in  summer  they 
are  whitened  with  lingering  snowbanks,  it  is  to  be  presumed  that  they 
were  formerly  occupied  by  glaciers.  This  meager  evidence,  taken  in 
connection  with  observations  made  by  Eldridge  ^  and  Lindgren '  in 
south-central  Idaho,  shows  that  throughout  central  and  southern  Idaho 

1 A  geological  reconnaissance  across  Idaho,  by  Geo.  H.  Eldridge:  Sixteenth  Ann.  Rept.  U.  S.  Geol. 
Survey,  Pt.  U,  pp.  223-224. 
«  Twentieth  Ann.  Rept.  U.  8.  Geol.  Survey,  Pt.  Ill,  pp.  100-101. 
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local  glaciers  only,  of  the  alpine  type,  existed  during  the  Glacial  epoch, 
and  that  there  was  an  absence  of  anything  approaching  a  confluent  ice 
sheet.  The  most  instructive  records  made  in  this  region  during  the 
time  referred  to  are  the  stream-deposited  gravels,  some  account  of 
which  will  be  given  further  on. 

The  Mascot  Hills,  indicated  in  part  in  the  northeastern  comer  of  the 
map  forming  PI.  II,  are  a  typical  portion  of  the  foothills  of  the  Bitter- 
root  Mountains,  adjacent  to  the  eastern  margin  of  the  Columbia  River 
lava,  and  may  be  taken  as  representative  of  the  conditions  that  exist 
for  a  long  distance  to  both  the  north  and  the  south  of  them.     These 
hills  rise  boldly  to  a  height  of  about  1,100  feet  above  the  lava  plain 
skirting  them  on  all  sides  except  to  the  eastward,  and  form  a  promi- 
nent headland  on  the  margin  of  the  sea  of  molten  rock  which,  as  will 
be  described  further  on,  encroached  on  the  western  slope  of  the  Bitter- 
root  Mountains.     The  rocks  forming  the  Mascot  Hills  consist,  in  large 
part  at  least,  of  gneiss  and  mica-schist  traversed  by  quartz  veins.     As 
is  an  almost  invariable  rule  along  the  western  border  of  the  Bitterroot 
Mountains,  the  trend  of  the  rock  structure  is  about  north  and  south, 
and  what  appears  to  be  the  bedding  of  the  gneiss  and  the  lamination  of 
the  schist  stands  nearly  vertical.     A  marked  feature  in  the  topography 
of  the  hills  is  their  subdued  and  genei'ally  rounded  profiles,  indicative  of 
long  exposure  to  the  atmosphere.     Sustaining  this  conclusion  is  the  fact 
that  the  rocks  are  deeply  disintegrated  and  decomposed.     At   the 
extremity  of  a  tunnel  at  the  Mascot  mine,  150  feet  from  its  entrance 
and  about  125  feet  below  the  surface,  the  rock  is  so  soft  and  so  com- 
pletely shattered  that  it  can  be  removed  with  a  pick,  and  even   the 
quartz  can  be  crumbled  between  the  fingers.     Although  the  rocks  are 
evidently  weathered  to  a  great  depth,  nowhere  about  the  hills  is  there 
evidence  of  the  advanced  degree  of  rock  decay  which  gives  origin  to 
red  soil.     The  characteristic  topography  and  deep  weathering  referred 
to  are  among  the  numerous  evidences  that  the  older  group  of  rocks 
under  consideration  has  formed  a  land  surface  for  a  great  length  of 
time,  and  was  deeply  eroded  before  the  coming  to  the  surface  of  the 
younger  group  of  rocks  of  the  region,  namely,  the  Columbia  River 
lava. 

From  the  summit  of  the  Mascot  Hills  the  relation  of  the  Bitterroot 
Mountains  to  the  vast  lava  plateau  to  the  northward  and  westward  is 
plainly  revealed  in  the  topography.  To  the  north,  and  extending  well 
to  the  northeast,  there  is  a  broad,  level,  densely  forest-covered  region 
across  which  the  North  Fork  of  Clearwater  River  has  cut  a  steep- 
sided  trench.  Each  branch  of  the  river  flows  in  a  canyon,  and  what 
in  distant  views  seems  to  be  a  level  plateau  is  in  reality  deeply  dis- 
sected. The  summits  of  the  canyon  walls  are  formed  of  rim  rocks  of 
basalt,  and  the  lower  and  usually  bold  slopes  reveal  the  characteristic 
buttresses  or  terrace-like  shouldei*s  produced  by  the  weathering  of 
the  more  resistant  rocks  on  which  the  basalt  rests. 
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The  same  plateau  which  has  been  deeply  trenched  by  the  North 
Fork  and  its  liunoierouB  tributaries  sweeps  about  the  western  base  of 
the  Mascot  Hills  and  extends  eastward  up  Orofino  Creek  nearly  to 
Stuart.  South  of  the  canyon  of  Orofino  Creek,  with  its  precipitous 
walls  of  black  basalt,  the  eye  ranges  over  a  long  succession  of  rounded, 
forest-covered  hills  which  project  irregularly  into  a  plateau  to  the 
westward,  which  is  without  forests  and  in  sununer  is  yellow,  as  far  as 
the  eye  can  reach,  with  grain  fields.  This  vast  cultivated  tract,  seem- 
ingly as  level  as  a  floor,  is  the  Camas  and  Kamiah  prairies.  Although 
the  plain  is  trenched  by  a  number  of  narrow,  steep-sided  canyons, 
they  are  concealed  from  view,  and  the  plateau  appears  as  it  did  when 
the  last  of  the  lava  sheets  of  which  it  is  composed  was  poured  out  as 
molten  rock.  Rising  from  the  sea-like  expanse  of  the  former  grass- 
covered  and  flower-strewn  prairie,  and  forming  conspicuous  objects 
in  the  far-reaching  landscapes,  are  two  elevations,  known  as  Cotton- 
wood Butte  and  Kamiah  Buttes,  which  are  easily  recognized,  even  at  a 
distance  of  many  miles,  as  mountain  peaks  which  stood  as  islands 
when  the  lava  invasion  occurred.  A  view  from  the  summit  of  the 
Mascot  Hills  not  only  serves  to  reveal  the  general  relation  between 
the  two  groups  of  rocks  of  which  the  surrounding  region  is  composed, 
but  brings  out  the  fact  that  although  large  portions  of  the  plateau 
formed  by  the  younger  group  still  retain  an  essentially  horizontal 
position,  other  portions  have  been  tilted  and  otherwise  deformed  as 
well  as  trenched  by  stream  channels.  The  evidence  of  extensive 
movements  in  the  once  horizontal  lava  sheets,  however,  will  be  dis- 
cussed further  on. 

ISLAND-LIKE   AREAS  IN   A  SEA  OF  LAVA  (STEPTOBS). 

The  deep  erosion  of  the  pre-Tertiary  land  over  which  the  Columbia 
River  lava  was  poured  out  has  already  been  referred  to,  but  nowhere 
is  it  more  clearly  demonstrated  than  at  Cottonwood  Butte,  which  rises 
through  the  lava  forming  the  Camas  Prairie  and  in  the  adjacent  por- 
tion of  the  canyon  of  Salmon  River.  This  butte,  which  rises  1,100  or 
1,200  feet  above  the  generally  level  basaltic  plateaus  surrounding  it, 
is  composed  of  a  variety  of  rocks  belonging  to  the  older  group 
referred  to.  At  its  summit  and  on  its  western  side  the  rocks  are 
compact  and  massive,  and  consist  largely  of  old  lavas  or  intrusions 
which  have  been  altered  and  somewhat  metamorphosed.  In  its  eastern 
portion  reddish  slate  appears,  the  cleavage  planes  of  which  are  nearly 
vertical,  also  ancient  lavas  and  lapilli-like  deposits  that  have  been  con- 
solidated and  greatly  altered,  probably  by  heated  waters  and  pressure.* 

1  Rock  samples  collected  on  Cottonwood  Butte  have  been  examined  by  Waldemar  Lindgren,  who, 
from  their  macroscopic  characteristics,  made  the  following  provisional  determinations: 

"A  sample  from  west  slope  of  the  butte.  metaandesite;  from  the  top  probably  metabasalt  or  altered 
volcanic  feldspar  basalt;  east  slope,  tuff  or  tuff-brcccla,  of  old  effusive  rock,  greenstone  tuff,  original 
character  basaltic  or  andesitic;  east  end,  clay  slate  (roofing  slate),  probably  containing  considerable 
admixed  volcanic  toffaceous  material." 
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These  old  rocks  show  that  they  were  deeply  eroded  before  the  comirig 
of  the  Columbia  River  lava,  but  were  left,  by  the  removal  of  the  mate- 
rial which  formerly  surrounded  them,  as  isolated  mountain   peaks. 
The  time  required  for  this  topo^aphic  transformation  was  certainly 
long,  although  it  can  not  be  measured  by  years,  but  some  idea  con- 
cerning it  may  be  had  by  comparing  the  tasks  accomplished  by  erosion 
before  and  after  the  eruption  of  the  Columbia  River  lava.     The  peak 
has  stood  fully  exposed  to  storms  and  sunshine  since  the  lava  flowed 
about  it,  but  evidently  it  has  suffered  only  a  moderate  amount  of  denu- 
dation, although  the  neighboring  canyon  of  Salmon  River  has  been 
excavated  in  the  lava  and  the  underlying  and  more  resistant  rocks  to 
a  depth  of  fully  3,500  feet.     The  work  of  the  river  in  shaping  its 
magnificent  canyon  is  small  in  comparison  with  the  task  which  was 
accomplished  previous   to  the  coming  of  the  lava  in  removing  the 
material  from  about  the  hard  rocks  now  forming  the  butte  and  leav- 
ing it  a  prominent  mountain.     The  peak  has  suffered  but  little  change 
during  the  time  the  adjacent  canyon  was  being  excavated,  for  the 
reason  that  it  afforded  but  a  small  gathering  gi*ound  for  streams,  and 
also  because  its  slaty  layera  are  on  edge  and  permit  the  rain  water 
falling  on  them  to  percolate  through,  thus  robbing  it  of  the  power  to 
corrade.     The  rocks  of  Cottonwood  Butte  are  not  onlv  resistant  to 
mechanical  wear,  changes  of  temperature,  etc.,  but,  equally  important, 
they  do  not  yield  readily  to  chemical  influences  such  as  the  solvent 
action  of  percolating  water.     Even  at  the  surfac^e  they  are  hard,  and 
show  visible  evidences  of  weathering  to  a  depth  of  only  a  few  feet, 
in  some  cases  only  a  few  inches.     The  soil  on  the  butte  is  thin,  and  the 
rock-  exposures  are  abundant.     The  weathering  which  has  produced 
the  deep  rich  soil  of  the  basaltic  plateau  has  made  but  little  progre.s.^ 
on  the  more  resistant  rocks  forming  the  much  more  ancient  butte. 
Even  when  account  is  taken  of  the  steep  slopes  of  the  butte  and  the 
fact  that  rock  waste  would  be  removed  much  more  readily  there  than  on 
the  nearly  flat  prairie  surface  surrounding  it,  the  evidence  still  favors 
the  view  that  the  butte  has  been  changed  but  little  in  height  or  contour 
since  the  Columbia  River  lava  was  poured  out.     A  view  of  the  south- 
ern slope  of  the  butte  is  shown  in  PL  V,  A.     It  is  of  interest  to  note 
also  that  the  soil  on  the  butte  is  different  from  that  on  the  surrounding 
basaltic  plateau,  and  was  derived  from  the  rocks  on  which  it  i-est??. 
Reference  will  be  made  further  on  to  this  and  other  kindred   facte* 
which  show  that  the  soil  of  the  basaltic  plateau  was  derived  from  the 
decay  of  the  basalt  itself,  and  was  not  brought  from  a  distance  through 
the  agency  of  the  wind. 

As  already  stated,  the  slaty  cleavage  in  the  rocks  forming  Cotton- 
wood Butte  is  nearly  vertical.  This  has  an  important  influence  on  the 
drainage,  and  accounts  for  the  presence  of  the  numerous  springs  of 
clear,  cool  water  which  occur  there.     One  of  these  springs  is  in  the 
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depression  between  the  two  summit  peaks,  and  is  supplied  by  the  rain 
falling  at  higher  levels.  The  northern  side  of  the  butte  is  forest  cov- 
ered, but  its  southern  slope  is  mostly  free  from  trees,  and  is  clothed 
with  bunch  grass  down  to  an  horizon  about  800  feet  below  the  summit, 
where  a  pine  forest  begins  which  extends  southward  over  the  basaltic 
plateau. 

No  more  charming  camping  plaice  and  no  more  attractive  location 
for  a  summer  resort  can  be  found  in  the  Nez  Perce  region  than  is 
afforded  by  this  isolated  mountain  peak,  from  the  summit  of  which  so 
much  of  the  earth's  history  can  be  read  as  from  a  printed  page.  From 
the  sunmiit  of  the  butte  one  has  not  only  a  magnificent  but  a  most 
instructive  panorama  spread  out  before  him.  In  summer  the  air  is 
nearly  always  cool  and  invigorating,  and  so  clear  that  the  distant 
mountains  as  well  as  the  depths  of  the  neighboring  canyons  seem 
near  at  hand,  instead  of  msmy  miles  away.  The  clouds,  which  fre- 
quently form  in  vast,  brilliantly  illuminated  banks  about  the  higher 
peaks  of  the  BitteiToot  Mountains  and  drift  over  the  broad  wheat 
fields  of  the  once  monotonous  prairie,  mottling  them  with  slowly  mov- 
ing shadows,  serve  to  enhance  the  glory  of  the  scene,  and  perhaps 
bring  refreshing  showers;  violent  storms  are  unknown  in  this  region. 
In  winter  the  ancient  mountain  peak  is  white  with  snow,  and  the  cold 
frequently  is  intense.  Looking  southward  from  the  topmost  crag  of 
the  prominent  butte  on  which  the  reader  is  invited  to  stand,  in  fancy, 
one  sees  at  his  feet  the  forest-covered  plateau  of  Columbia  River  lava. 
Near  at  hand,  rising  from  amid  the  dark  pines,  is  the  shining  spire  of 
a  village  church.  A  few  miles  beyond  the  dark  plateau  breaks  off,  as 
if  an  earthquake  had  shattered  it,  and  one  looks  down  into  the  purple 
depths  of  the  vast  chasm  which  Salmon  River  has  eroded  in  order  to 
carry  its  burden  of  sand  and  gravel  to  Snake  River  and  then  onward 
to  the  sea.  The  canyon  is  not  a  narrow  gash  in  the  rocks,  with  verti- 
cal walls,  as  the  term  may  perhaps  be  thought  to  signify,  but  is  a  great 
excavation  from  4  or  5  to  10  or  more  miles  wide,  with  many  serrate 
ridges  and  buttresses  diversifying  its  precipitous  sides.  The  upper 
portions  of  the  canyon  walls,  sculptured  into  many  forms  by  rain  and 
rills,  are  of  horizontal  masses  of  dark  rock  (the  edges  of  nearly  level 
lava  sheets),  below  which  are  more  massive  slopes  showing  where  the 
underlying  and  more  resistant  rocks  have  been  exposed.  The  course 
of  the  canyon  can  be  traced  for  50  or  more  miles — from  far  away  to 
the  southeast  to  where  it  makes  a  sharp  bend,  seemingly  at  one's  feet, 
and  thence  southwestward  to  its  junction  with  the  larger  and  still  more 
magnificent  excavation  of  a  similar  nature  in  the  depths  of  which 
Snake  River  is  hidden.  To  the  south  of  the  canyon  of  Salmon  River 
is  a  broad  forest-clothed  remnant  of  the  original  plateau,  formed  of 
lava,  which  is  bordered  on  its  farther  side  by  the  canyon  of  Snake 
River,  there  fully  4,000  feet  deep.  The  upper  portion  of  the  vast 
south  wall  of  Snake  River  Canyon  is  in  view  from  the  butte,  and 
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when  brilliantly  illuminated  by  the  sun,  one  can,  at  a  distance  of  25 
miles,  trace  the  outlines  of  the  castle-like  and  cathedral-like  forms 
which  give  diversity  to  its  somber  scenery.  The  brink  of  the  distant 
canyon  is  marked  by  a  dark  line  of  pines  and  firs,  and,  like  the  layer 
of  basalt  beneath  it,  is  the  edge  of  a  widely  extended  sheet — the  great 
coniferous  forest  of  eastern  Oregon.  Still  farther  away,  but  fre- 
quently sharply  outlined  against  the  southern  sky,  rise  the  angular 
peaks  of  the  Seven  Devils  and  Powder  River  mountains,  their  summits 
far  above  timber  line  and  here  and  there  flecked  with  snow  which 
gleams  like  burnished  silver  in  the  intense  light  of  the  unclouded  sum- 
mer sun. 

The  view  to  the  eastward  embraces  the  broad  undulating  surface  of 
the  Camas  and  Kamiah  prairies,  which  are  checkered  with  rectangles 
of  yellow  grain  fields  and  black  fallow  lands.  The  plain,  several  hun- 
dred square  miles  in  area,  is  everywhere  covered  with  a  deep,  rich 
soil,  which  has  resulted  from  the  decay  of  lava  and  is  of  wonderful 
fertility.  Some  suggestions  are  furnished  of  the  deeply  sunken 
stream  channels  which  dissect  this  young  land,  but  for  the  most  part 
they  are  lost  to  view,  and  the  great  expanse,  with  its  mild  undula- 
tions, recalls  the  rolling  prairie  or  the  great  plateaus  to  the  east  of  the 
Rocky  Mountains.  The  Camas  and  Kamiah  prairies  are  bordei*ed  on 
the  east  by  an  irregular  coast  line  of  hills,  beyond  which  rise  the 
forest-covered  peaks  and  ridges,  with  flowing  outlines,  which  compose 
the  nearer  portion  of  the  Bitterroot  Mountains.  The  view  to  the 
westward  is  less  extensive  than  in  other  directions,  but  it  presents 
other  instructive  features.  The  generally  level  surfaces  of  the  Camas 
and  Kamiah  prairies  rise  gently  along  their  western  margin  and  merge 
by  insensible  gradations  into  the  long  eastern  slope  of  Craig  Mountain. 
With  increase  in  elevation  there  comes  a  change  in  the  vegetation,  and 
the  open  prairie  country,  with  its  grain  fields,  its  scattered  farm- 
houses, and  its  villages,  gives  place  to  a  dark  forest  of  pines  and  firs. 
The  rocks  which  underlie  the  prairie  have  been  bent  upward  and  form 
a  gently  tilted  plain,  which  breaks  off  abruptly  on  its  farther  (western) 
side,  and  there  possesses  some  of  the  features  of  a  mountain. 

A  few  miles  to  the  north  and  west  of  Cottonwood  Butte  there  are 
low  hills,  composed  of  rocks  which  are  older  than  the  Columbia  River 
lava,  which,  like  the  main  butte,  are  islands  in  the  lava  plain.  As 
sheet  after  sheet  of  molten  rock  was  poured  out  and  flowed  over  the 
land,  it  rose  higher  and  higher  on  the  sides  of  the  once  prominent 
mountains,  but  the  inundation  ceased  before  they  were  completely 
buried.  Neighboring  peaks  of  lesser  height  were  no  doubt  covered, 
and  ages  hence  will  be  revealed  through  the  agency  of  erosion. 

Another  group  of  mountain  summits  left  as  islands  in  the  lava  sea 
occurs  on  the  west  side  of  the  South  Fork  of  Clearwater  River, 
between  the  towns  of  Stuart  and  Kamiah,  rising  to  elevations  of  500 
or  600  feet  above  the  cooled  and  hardened  surface.     The  Kamiah 
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Buttes,  as  they  have  been  named,  are  between  the  canyon  of  the  South 
Fork,  which  there  is  1,800  feet  deep,  and  the  smaller  but  nearly  as 
deeply  cut  canyon  of  Lawyers  Creek.  The  nature  of  the  rock  form- 
ing the  buttes  is  not  definitely  known,  but  what  probably  are  portions 
of  the  same  mass  are  exposed  in  the  canyon  of  the  South  Fork;  they 
are  granite-like  in  character — ^more  definitely,  diorite.  The  buttes  are 
without  timber,  and  to  some  extent  are  now  under  cultivation.  They 
consist  of  several  rounded  summits,  and  are  to  be  classed  with  the 
foothills  of  the  Bitterroot  Mountains,  now  separated  from  them  hy 
about  6  miles  of  lava.  A  view  of  Camas  Prairie,  showing  the  Kamiah 
Buttes  in  the  distance,  is  shown  in  PL  III,  JS. 

Another  island  like  area  in  the  lava  bed,  of  small  size  and  rising 
onlv  a  few  hundred  feet  above  its  surface,  occurs  5  or  6  miles  to  the 
south  of  the  Kamiah  Buttes,  on  the  brink  of  the  canyon  of  the  South 
Fork.  Still  another  area,  with  a  similar  history,  is  situated  farther 
north,  on  the  west  side  of  the  same  canyon,  opposite  Greer;  from 
Kamiah  Prairie  it  appears  as  a  low  hill  with  an  undulating  surface. 
Another  and  less  conspicuous  example  occurs  on  the  east  brink  of  the 
canyon  of  Snake  River,  near  Waha,  but  in  this  instance  there  is  some 
question  whether  the  elevation  of  old  igneous  rock  now  exposed  was 
an  island  in  the  lava  or  was  covered  by  it  and  has  since  been  exposed 
bv  erosion. 

Isolated  mountain  peaks  rising  through  the  Columbia  River  lava,  of 
the  general  nature  of  those  described,  form  conspicuous  and  instruct- 
ive features  in  several  portions  of  the  vast  region  occupied  by  that 
formation,  and  are  of  such  importance  as  to  demand  a  family  name  by 
which  to  designate  them.  Steptoe  Butte,  near  Grarfield,  Washington, 
which  has  been  described  in  a  previous  paper, ^  is  a  typical  example  of 
these  eminences,  and  its  name  may  with  propriety  be  adopted  as  a  gen- 
eric term  by  which  to  designate  similar  topographic  forms.  A  step- 
toe,  then,  is  an  island-like  area  in  a  lava  flow.  Cottonwood  Butte  and 
the  Kamiah  Buttes  are  the  largest  steptoes  in  the  Nez  Perce  region. 
These  are  far  exceeded,  however,  by  the  Eagle  Creek  Range  (known 
also  as  the  Powder  River  Mountains)  in  Oregon,  which,  as  stated  by 
Lindgren,*  consist  of  bare,  rugged  peaks  that  rise  several  thousand  feet 
above  the  basaltic  plateau  surrounding  them  on  all  sides.  This,  the 
greatest  steptoe  known,  has  a  diameter  of  24  miles. 

FORMATIONS   BENEATH   THE   CX)LUMBIA   RIVER  LAVA. 

As  is  indicated  on  the  map  forming  PI.  II,  the  older  group  of  rocks 
in  the  Nez  Perce  region  is  exposed  in  the  deeper  portions  of  several 
of  the  larger  canyons  that  have  been  excavated  in  the  Columbia  River 
lava.     The  principal  outcrops  of  this  nature  are  along  Clearwater 

lA  reconnoissance  in  southeastern  Washington,  by  I.  C.  Ruflsell:  Water-Supply  and  Irrigation 
Paper  U.  S.  Geol.  Survey  No.  4  (18d7),  pp.  38-40. 
'Twentieth  Ann.  Rept  U.  S.  Geol.  Survey,  Pt.  Ill,  p.  92. 
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River  and  several  of  its  tributaries  to  the  east  of  Peck;  along  Snake 
River  above  the  mouth  of  Grande  Ronde  River;  in  the  vicinity  of  Buf- 
falo Rock;  and  on  the  sides  of  the  canyon  of  Salmon  River  near  its 
junction  with  Snake  River  and  again  at  several  localities  from  20  to  30 
miles  above  its  mouth. 

Near  its  moutl\  the  North  Fork  of  Clearwater  River  has  cut  through 
a  thousand  or  more  feet  of  basalt  and  deep  into  the  underlying  diorite 
and  gneiss.  The  portion  of  the  canyon  sunk  in  these  older  rocks  is 
steep-sided  and  all  but  impassable.  Beginning  about  6  miles  above  its 
mouthy  however,  the  basalt  comes  down  to  the  stream,  and  for  4  or  5 
miles  the  canyon  broadens  so  as  to  leave  room  for  a  few  sxnsU  farms 
on  its  western  side,  where  it  is  about  2,000  feet  deep.  About  a  mile 
below  the  mouth  of  Elk  Creek  the  older  group  of  rocks  appears  again 
in  the  lower  portion  of  the  canyon  wall  and  continues  for  at  least  25 
miles  upstream,  probably  to  the  eastern  edge  of  the  basalt.  Through- 
out this  distance  the  rocks  beneath  the  lava  are  mainly  gneiss  and  mica- 
schist  rich  in  garnets.  In  places  the  older  terranes  are  traversed  by 
light-colored  porphyritic  dikes,  and  in  a  few  instances  by  dikes  of  dark 
rock  apparently  of  the  same  nature  as  the  lava  which  forms  the  upper 
portion  of  the  walls  of  the  canyon.  One  of  the  dikes  is  from  260  to 
300  feet  wide,  nearly  vertical,  and  trends  N.  10^  W.  The  structural 
lines  in  the  gneiss  and  schist  have  nearly  the  same  strike,  and  the  appar- 
ent bedding  and  planes  of  schistosity  dip  eastward  at  an  angle  of  from 
70  to  80  degrees.  At  many  localities  along  the  river  the  lower  portion 
of  the  canyon  walls,  up  to  a  height  of,  in  general,  800  to  1,200  feet,  are 
composed  of  the  older  group  of  rocks  and  are  bold  and  precipitous. 
At  the  summit  of  these  steep  lower  slopes  there  is  usually  an  irregular 
terrace,  due  to  the  more  rapid  recession  of  basalt  which  overlies  the 
more  ancient  mica-bearing  rocks,  while  the  upper  portion  of  the  canyon 
walls,  500  to  1,000  feet  in  height,  according  to  the  irregularities  of  the 
subbasaltic  floor,  is  diversified  by  alternate  promontories  and  reces- 
sions. The  summit  of  the  canyon  walls  is  frequently  marked  by  a 
rim  rock  formed  by  the  edge  of  the  topmost  layer  of  basalt  which 
forms  the  surface  of  the  bordering  uplands.  The  great  forest-covered 
plateau  in  which  the  North  Fork  has  sunk  its  channel  rises,  with  a 
gentle  gi*adient,  toward  the  east,  and  the  basalt  which  underlies  it 
grows  gradually  thinner  when  traced  in  that  direction,  although  there 
are  many  important  irregularities  in  thickness,  and  the  influence  of 
the  underlying  rocks  on  the  topography  of  the  canyon  walls  becomes 
more  and  more  marked. 

When  the  region  traversed  by  the  North  Fork  is  studied  in  detail, 
it  will  probably  be  found  that  there  is  a  progressive  change  in  the 
rocks  beneath  the  basalt,  in  reference  to  metamorphism,  from  west  to 
east,  until  the  granite,  which  begins  near  Rocky  Crest  and  extends  at 
le.ast  20  miles  eastward  from  that  peak,  is  reached.     This  is  seemingly 
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in  keeping  with  the  conclusion  reached  by  Lindgren,  that  the  granite 
of  the  Bitterroot  Mountains  is  intrusive  and  has  altered  the  rocks 
along  its  contact;  but  the  greater  part  of  the  metamorphism  observed 
in  the  rocks  along  the  North  Fork  is  probably  regional  and  of  older 
date  than  the  granite. 

At  Orofino,  for  several  miles  both  up  and  down  each  side  of  Clear- 
water River,  and  also  along  Orofino  Creek  for  a  distance  of  2  or  3  miles 
from  its  mouth,  the  mica-bearing  rocks  beneath  the  basalt  are  well 
exposed.  In  this  region  the  sublava  formations  are  mainly  gneiss, 
mica-schist,  crystalline  limestone,  and  quartzite.  This  association  is 
essentially  the  same  as  occurs  in  Snake  River  Canyon,  where  black 
slate  also  is  found,  and  it  is  to  be  expected  that  slate  is  also  present  in 
the  neighborhood  of  Orofino.  The  limestone  is  in  well-defined  beds, 
associated  with  mica-schist.  The  beds  are  nearly  vertical  and  strike 
N.  15^  to  20^  W.,  which  is  also  the  general  trend  of  all  of  the  con- 
spicuous division  planes  in  the  older  group  of  rocks,  and  shows  the 
influence  of  a  force  acting  in  an  east- west  direction.  In  common  with 
all  other  portions  of  the  canyon  in  the  Nez  Perce  region  in  which  the 
older  group  of  rocks  is  exposed,  the  topogmphy  of  the  bluffs  in  the 
vicinity  of  Orofino  reveals  the  junction  of  the  overlying  basalt  with 
the  rocks  on  which  it  rests;  but,  as  is  common  in  other  instances  also, 
the  precise  contact  is  almost  always  obscured  by  landslides  and  talus 
slopes. 

The  rocks  exposed  beneath  the  basalt  near  Orofino  can  be  traced 
continuously  along  Clearwater  River  and  its  south  fork  to  near 
Kamiah,  and  appear  again  in  the  west  wall  of  the  canyon  about  a  mile 
above  that  town.  The  same  group  of  rocks  is  also  exposed  along 
several  of  the  streams  which  join  Clearwater  River  from  the  east,  as 
well  as  along  the  nuiin  stream  above  its  junction  with  the  South  Fork. 
In  the  lower  portions  of  the  canyon  walls  in  the  vicinity  of  Greer,  a 
light-colored  diorite  resembling  granite  is  the  most  important  member 
of  the  older  terrane. 

In  the  first  6  miles  of  its  course  below  the  great  bend  near  Keuter- 
ville,  Salmon  River  cuts  at  least  three  ridges  of  hard,  resistant  rocks 
belonging  to  the  series  which  occurs  beneath  the  lava.  At  each  of 
these  localities  the  stream  is  narrow,  and  rushes  through  the  flume- 
like trenches  with  a  swift,  foaming  current.  The  topography  of  the 
walls  of  the  canyon  permits  one  to  trace  in  even  distant  views  the  out- 
crop)8  of  the  rocks  beneath  the  lava,  and  to  distinguish  their  junction 
with  the  black,  horizontally  bedded  basalt  resting  on  them.  In  this 
canyon,  as  in  many  others  in  the  Nez  Perce  region,  the  older  rocks, 
consisting  largely  of  light-colored,  acid,  igneous  rock,  are  more  resist- 
ant to  atmospheric  influences  than  is  the  basalt  resting  on  them,  and 
form  conspicuous  shoulders  on  the  lower  portions  of  the  mountain-like 
spurs  which  extend  into  the  canyon  from  either  side.     Where  the 
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basalt  descends  to  the  river  the  trail  by  which  one  can  traverse  the 
canyon  from  its  mouth  to  near  Keuterville  descends  also,  and  follows 
the  bank  of  the  river  or  runs  near  it;  but  where  the  rocks  beneath  the 
basalt  are  exposed  the  immediate  banks  of  the  river  are  precipitous, 
and  the  trail  ascends  and  crosses  the  promontory  at  an  elevation  of,  in 
general,  about  1,000  feet  above  the  bottom  of  the  canyon.  Below 
Deer  Creek,  which  comes  from  the  north  and  joins  Salmon  River  about 
16  miles  from  its  mouth,  the  river  flows  over  basalt  and  is  bordered  by 
magnificent  mountain-like  escarpments  of  the  same  rock,  in  which  the 
bedding  is  essentially  horizontal.  The  basalt  continues  along  the 
margin  of  the  river  to  within  4  or  5  miles  of  its  mouth,  where,  as 
already  stated,  it  enters  a  deep,  narrow,  impassable  canyon  in  quartzite, 
diorite,  and  other  exceedingly  resistant  terranes.  Some  of  the  finest 
canyon  scenery  in  Idaho  is  along  this  portion  of  Salmon  River  and  in 
the  still  greater  excavation  made  by  Snake  River  near  its  mouth. 

Snake  River  Canyon  between  the  mouths  of  Salmon  and  Grande 
Ronde  rivers  presents  the  most  varied  and  instructive  exposures 
of  the  sublava  formations  to  be  found  in  the  Nez  Perce  region.  Some 
account  of  the  rocks  there  laid  bare  by  the  excavation  of  a  mighty 
trench  through  the  lava  and  deep  into  the  formations  on  which  it  rests, 
as  well  as  of  other  similar  outcrops  a  few  miles  below  the  mouth  of 
Grande  Ronde  River,  in  the  vicinity  of  Buffalo  Rock,  has  been  given 
in  a  previous  publication,*  and  although  additional  facts  are  here  pre- 
sented much  more  study  must  be  given  to  this  instructive  area 
before  its  complete  history  and  the  economic  importance  of  its  build- 
ing stone  and  ores  can  be  presented. 

Beginning  at  the  first  exposure  of  the  sublava  rocks,  in  ascending 
Snake  River  above  Lewiston,  we  find,  just  west  of  Waha,  on  the  right 
or  eastern  border  of  the  canyon,  a  bold  bluff  of  ancient  porphyry 
which  descends  to  the  river.  On  the  opposite  bank  there  is  a  small 
outcrop  of  the  same  rock,  showing  that  the  river  in  deepening  its  can- 
yon in  the  lava  sheets  was  lowered  onto  a  spur  of  a  buried  mountain 
and  cut  a  channel  across  it.  The  precipitous,  mountain-like  bluff  of 
igneous  rock  (diorite-porphyry)  referred  to  rises  3,300  feet  (aneroid 
measurement)  above  the  river.  From  its  rounded  summit  a  most 
instructive  view  can  be  had  of  the  deeply  dissected  lava  plateaus  about 
its  base.  This  bluff  is  at  the  southwest  end  of  Craig  Mounta,in, 
and  probably  formed  a  small  steptoe  which  rose  above  the  level 
of  the  last  sheet  of  Columbia  River  lava.  The  basement  rocks  form- 
ing the  bluff  have  been  laid  bare  by  the  erosion  of  Captain  John  and 
Buffalo  Creek  canyons,  and  are  well  exposed  at  Buffalo  Rock.  The 
walls  of  Snake  River  Canyon  from  above  the  outcrop  of  old  igneous 
rocks  just  mentioned  to  about  1  mile  above  the  mouth  of  Grande  Ronde 
River  are  composed,  from  base  to  summit,  of  horizontally  bedded  lava, 

i  Water-supply  and  Irrigation  Paper  U.  S.  Geol.  Survey  No.  4  (1«97),  pp.  81-«, 
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showing  that  a  deep  valley  in  the  old  land  surface  was  there  filled  by 
the  lava  flows.  Upstream  from  the  mouth  of  Grande  Ronde  River,  as 
briefly  described  in  the  publication  just  cited,  the  horizontal  lava  sheets 
in  the  canyon  wall  abut  against  cliffs  of  schist  which  form  the  precipi- 
tous border  of  a  buried  mountain.  The  side  of  the  old  mountain  slopes 
at  an  angle  of  about  45  degrees,  and  is  free  from  debris.  Its  base  is 
evidently  far  below  the  level  of  Snake  Kiver.  Each  successive  layer 
of  basalt  extends  farther  and  farther  over  the  metamorphic  rock,  until, 
at  a  height  of  2,500  feet,  the  summit  of  the  old  mountain  is  covered 
and  the  horizontal  sheets  of  lava  above  it  have  an  aggregate  thickness 
of  not  less  than  1,500  feet.  The  strata  beneath  the  lava  are  generally 
inclined  northward  at  an  angle  of  40  to  45  degrees,  but  in  places  are 
nearly  vertical.  The  upper  layer  of  thin-bedded  limestone  contains 
indefinite  fossils.  Beneath  the  limestone  are  schists,  and  farther 
upstream  an  immense  mass  of  compact  igneous  rock  of  the  nature  of 
greenstone  (diorite)  is  exposed  in  the  cliffs  which  rise  steeply  from  the 
river  to  a  height  of  a  thousand  or  more  feet.  The  same  rock  may  also 
be  studied  to  advantage  in  the  small  tributary  canyons  which  come 
down,  with  steep  gradients,  to  the  main  stream  from  each  side. 
Farther  up  Snake  River  there  are  associated  with  the  greenstone 
extensive  outcrops  of  fine,  even-grained  diorite  (granite)  suitable  in 
every  way  for  architectui'al  uses.  This  "granite"  has  been  opened 
by  quarrying  on  each  side  of  the  river  near  where  Corral  Creek  joins 
it,  as  well  as  at  another  locality  a  mile  or  two  below. 

The  rocks  beneath  the  basalt  are  exposed  in  the  lower  2,000  feet  of 
the  canyon  of  Snake  River  all  the  way  upstream  from  Corral  Creek  to 
above  the  mouth  of  Salmon  River,  but  they  were  examined  by  the 
writer  at  only  one  locality,  namely,  where  Cougar  and  Cottonwood 
creeks  descend  the  eastern  escarpment.  The  creeks  referred  to  are 
small  streams,  fed  principally  by  springs  which  come  out  at  the  base 
of  the  basalt,  but  they  have  cut  deep  canyons  in  sandstone,  shale, 
limestone,  and  diabase-porphyry.  The  sti*atified  rocks  are  much 
disturbed,  but  in  general  the  beds  strike  about  northeast  and  south- 
west, or  directly  across  the  course  of  Snake  River.  The  dip  of  the 
beds  shows  great  variation,  indicating  that  the  beds  were  disturbed, 
largely,  perhaps,  on  account  of  the  intrusion  of  porphyry  beneath 
and  among  them,  forming  dikes.  The  sandstone  is  coarse,  feld- 
spathic,  and  hard,  and  contains  well-rounded  pebbles  of  dense  igneous 
rock.  Certain  layers  are  exceedingly  coarse,  being  in  reality  con- 
glomerates, containing  water-worn  pebbles  6  or  more  inches  in 
diameter.  The  shale  is  fine-grained,  black,  frequently  has  a  glossy 
surface,  and  on  weathering  breaks  into  sliver-like  fragments  a  few 
inches  long  and  a  fraction  of  an  inch  in  diameter.  Its  thickness  is 
evidently  gi'eat,  probably  a  thousand  or  more  feet,  but  owing  to  the 
disturbances  it  has   suffered  it  can   not  easily  be  measured.     It  is 


28  GEOLOGY,  ETC.,  OF  NEZ  PEBOE  CO.,  IDAHO. PART  I.      [no.  5a. 

especially  well  exposed  along  Cougar  Creek,  where  it  immediately 
underlies  the  basalt.  Limestone  occurs  on  Cottonwood  Creek,  and 
forms  well-defined  layers  which  show  a  diversity  of  dips.  At  one 
locality  these  strata  have  a  thickness  of  about  60  feet,  but  in  most 
places  they  extend  to  much  greater  depths.  The  limestone  is  compact, 
bluish  in  color,  and  without  recognizable  fossils.  The  variety  of 
rocks  at  the  locality  referred  to  and  the  abundance  of  good  exposures 
make  it  a  favorable  place  for  a  detailed  study  of  the  geology  and 
topogmphy  of  the  old  land  over  which  the  Columbia  River  lava  was 
outpoured. 

In  Snake  River  Canyon,  near  the  mouth  of  Salmon  River,  quartzite 
and  diorite  are  exposed;  and  the  trenches  cut  through  the  basalt  and 
a  thousand  or  more  feet  into  the  underlying  terrane^  become  nar- 
row, with  exceedingly  rugged  and  precipitous  walls,  where  the  older 
rocks  are  exposed. 

The  geologic  age  of  the  sedimentary  beds  referred  to  as  occurring 
in  the  canyon  of  Snake  River  is  unknown,  but,  judging  from  the  few 
obscure  fossils  obtained  and  from  the  result  of  Lindgren's  studies  in 
what  is  probably  a  southern  extension  of  the  same  terranes  in  Seven 
Devils  Mountains,  they  probably  belong,  in  part  at  least,  to  the  Car- 
boniferous. 

COLUMBIA  RIVER  LAVA. 
HISTORY. 

On  the  preceding  pages  many  references  have  been  made  to  the 
formation  here  specially  considered,  the  reason  being  that  it  forms  so 
important  a  feature  in  both  the  geology  and  geography  of  the  North- 
west that  but  little  can  be  written  about  the  natural  conditions  and 
economic  development  of  that  region  without  frequent  reference  to  it. 
The  rocks  here  termed  the  Columbia  River  lava^  are  exposed  nearly 
ever^'^where  in  the  canyon  walls  of  the  Nez  Perce  region  to  the  west 
of  the  Bitterroot  Mountains,  and  are  familiar  to  all  of  its  inhabitants. 
They  were  poured  out  in  a  molten  condition,  and  hence  come  under 
the  geneml  meaning  of  the  term  lava,  but  more  definitely,  and  from 
the  point  of  view  of  the  petrologist,  they  should  be  designated  basalt. 
Either  of  these  terras  may  be  used  in  referring  to  them. 

The  lava  in  the  region  under  review  is  a  part  of  a  terrane  that  is 
among  the  most  widely  distributed  of  the  geologic  formations  of  the 
continent.  Its  exact  boundaries  have  not  been  ti*aced,  but  enough  is 
known  concerning  them  to  determine  approximately  the  area  it  occu- 
pies. It  lies  almost  entirely  within  the  drainage  area  of  Columbia 
River,  for  which  it  is  named,  forming  the  surface  over  nearly   the 

iln  previous  reports  this  formation  has  been  termed  Columbia  iava;  but  to  avoid  confusion  vrith  the 
Columbia  formation  of  the  Atlantic  States,  it  has  been  thought  best  to  change  the  name  to  CkUunUna 
River  lava. 
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whole  of  Washington  and  Oregon  to  the  east  of  the  crest  of  the 
Cascade  Mountains,  and  extending  into  Idaho  until  it  meets  the  older 
formations,  principally  mica-bearing  metamorphic  rocks  and  old  erup- 
tives  which  form  the  Coeur  d'Alene  and  Bitterroot  mountains.  The 
same  great  series  of  lava  sheets  extends  into  southern  Idaho,  where 
they  have  been  deeply  trenched  by  Snake  River.  The  area  of  the 
foimation  is  estimated  to  be  200,000,  possibly  250,000,  square  miles, 
and  its  greatest  known  thickness  more  than  4,000  feet. 

The  lava  was  outpoured  at  successive  intervals  embracing  a  long 
period  of  time,  as  is  shown  by  the  occurrence,  at  several  horizons,  of 
layers  of  sedimentary  material,  principally  cla}' s  and  sand,  between  the 
lava  sheets.  •  In  places,  also,  the  lava  sheets  are  separated  by  layers  of 
volcanic  dust  containing  the  silicified  trunks  of  trees  which  grew  on 
a  soil  formed  by  the  decay  of  the  underlying  layer,  thus  showing  that 
the  intervals  between  the  flows  were  in  some  cases  a  century  or  more 
in  duration.  The  lava  came  through  fissures  in  the  earth's  crust — in 
what  are  known  as  fissure  eruptions — and  spread  widely  over  the  land, 
from  which  it  is  evident  that  each  sheet  was  spread  out  horizontally. 
The  movements  that  have  occurred  in  the  layers  since  they  cooled  and 
hardened,  and  which  have  caused  them  to  be  deformed  from  their  orig- 
inal horizontal  position,  can  be  studied  in  the  same  way  as  the  struc- 
ture of  sedimentary  beds.  Although  the  lava  sheets  arc  still  essentially 
horizontal  over  broad  areas,  they  frequently  have  gentle  dips,  and  in 
certain  regions  are  tilted  and  even  shaiply  folded  and  faulted.  On  the 
eastern  slope  of  the  Cascade  Mountains  the  lava  sheets  occur  with  a 
dip  to  the  eastward,  for  long  distances,  of  3  or  4  degrees,  showing  that 
a  large  part  of  that  range  has  been  elevated  to  a  height  of  at  least 
6,000  feet  since  the  lava  was  poured  out.  Similar  but  less  extensive 
deformations  have  also  occurred  on  the  eastern  side  of  the  lava-covered 
country,  as  will  be  described  fuither  on.  Between  these  bordering 
areas  is  the  region  of  the  Grreat  Plains  of  the  Columbia,  and  south- 
ward from  it,  in  Oregon,  the  lava  sheets  have,  in  general,  been  but 
little  disturbed  from  their  original  horizontal  position,  although  a 
subsidence  of  three  or  four  thousand  feet  has  probably  taken  place. 
Extensive  movements  in  the  earth's  crust  occurred  also  at  certain 
periods  during  the  time  the  lava  sheets  were  being  formed,  as  is  shown 
near  Clealum,  Washington,  on  the  eastern  slope  of  the  Cascades, 
where  the  upturned  and  eroded  lower  portion  of  the  formation  is  over- 
lain unconformably  by  later  sheets.  How  widely  extended  this  uncon- 
formity may  be  remains  to  be  determined. 

The  fact  that  the  Columbia  River  lava  came  to  the  surface  through 
fissures,  a.s  molten  rock,  and  that  it  spread  widely  over  the  land,  is 
shown  not  only  by  the  generall}^  level  condition  of  much  of  its  surface 
as  it  exists  to-day,  and  by  the  absence  of  volcanic  mountains,  cinder 
cones,  etc.,  in  connection  with  it,  but  is  demonstrated   in   a  most 
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instructive  manner  where  denudation  has  exposed  the  dikes  formed  by 
the  cooling  of  the  liquid  magma  in  the  fissures  through  which  it  wa^ 
forced  to  the  surface.  Over  an  area  of  at  least  400  ^square  miles  on  the 
eastern  slope  of  the  Cascade  Mountains  in  Washington,  to  the  south  of 
Mount  Stuart,  the  lava  has  been  eroded  away  so  as  to  lay  Imre  the 
rocks  on  which  it  formerly  rested.  In  the  surface  there  exposed  many 
hundreds,  probably  thousands,  of  dikes  are  to  be  seen.  These  dikes, 
composed  of  dense  basaltic  rock,  range  in  thickness  from  a  few  feet 
to  160  or  more  feet,  but  in  general  they  are  from  15  to  60  feet  a<.^ross. 
They  stand  nearly  vertical,  usually  with  a  slight  inclination  to  the  west- 
ward, and  in  general  trend  about  N.  15°  E.* 

The  vast  lava  flows  just  considered  spread  over  the  land  surface  like 
an  inundation,  covering  the  broad  plains  and  extending  far  into  the 
valleys  previously  eroded  in  the  slopes  of  the  bordering  mountains. 
Although  the  lava  is  of  volcanic  origin,  its  surface  presents  marked 
contrasts  to  the  topographic  changes  produced  by  eruptions  through 
definite  and  circumscribed  vents.  Volcanoes  generally  tend  to  roughen 
the  surface  where  they  occur,  and  to  build  up  mountains,  thus  increas- 
ing the  diversity  of  the  relief.  Fissure  eruptions,  on  the  other  hand, 
owing  to  the  vast  volumes  of  liquid  rock  poured  out,  tend  to  spread 
out  widely  and  to  obliterate  the  inequalities  of  the  land  over  which 
they  flow,  and  .produce  horizontal  surfaces.  For  this  reason  it  is  safe 
to  assume  that  the  entire  region  occupied  by  the  (Columbia  River  lava 
was  a  monotonous  plain  nearly  as  level  as  the  ocean's  surface  at  the 
time  each  successive  sheet  of  molten  rock  was  outpoured.  The  surface 
was  no  doubt  rough  and  strewn  with  broken  fragments  of  the  first- 
formed  crust,  and,  as  cooling  progressed,  it  was  in  places  forced  up 
into  mounds  and  low  ridges,  which  were  probably  cracked  open  at  the 
top,  as  is  the  case  to-day  on  the  very  fresh  lava  sheets  forming  the  Snake 
River  plains;  but  these  small  features  would  not  detract  from  the  gen- 
eral monotony.  Again,  some  diversity  of  surface  was  no  doubt  pro- 
duced owing  to  the  unequal  extent  of  the  various  lava  flows.  Although 
individual  sheets  are  known  to  have  a  great  area — their  edges  as 
exposed  in  canyon  walls  in  many  instances  being  traceable  for  a  score 
or  more  of  miles  without  noticeable  variations  in  thickness  and  with- 
out any  indications  of  approaching  a  limit — it  is  not  to  be  supposed 
that  each  one  had  precisely  the  same  extent  as  its  predecessor,  and 
diflTerences  in  elevation  from  this  cause  are  to  be  surmised. 

Where  a  lava  sheet  was  thickest  a  greater  amount  of  vertical  shrink- 
age on  cooling  would  occur  than  where  it  was  thin,  and  in  such  depres- 
sions shallow  lakes  would  form.  The  greatest  influence  on  the  streams, 
however,  occurred  from  the  fact  that  the  lava  invaded  the  lowlands 
and  entered  the  lower  portions  of  the  valleys  in  the  mountains,  thus 

1 A  preliminary  paper  on  the  geology  of  the  Cascade  Mountains  in  northern  Washington,  by  I.  C-. 
Russell:  Twentieth  Ann.  Kept.  U.  8.  Geol.  Survey,  Pt,  II,  pp.  121-122. 
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obstructing  the  di-ainage  and  furnishing  conditions  for  the  origin  of 
extensive  lakes.  The  truth .  of  this  deduction  is  verified  by  the  pres- 
ence of  lacustral  deposits,  some  of  them  of  great  thickness  and  wide 
extent,  interbedded  with  the  lava  sheets. 

The  age  of  the  lava,  as  determined  principally  from  the  fossil  plants 
contained  in  the  sedimentary  layers  and  beds  of  volcanic  dust  inter- 
stratified  with  it,  is  Tertiary.  It  seems  to  have  been  outpoured 
mainly  during  the  medial  division  of  the  Tertiary,  or  during  the  Mio- 
cene epoch.*  The  time  when  the  eruptions  ceased  has  not  been  deter- 
mined, and  if  the  lava  forming  the  Snake  River  plains  in  southeastern 
Idaho  is  included  in  the  same  formation  as  that  of  the  central  portions 
of  Oregon  and  Washington,  it  will  probably  be  found  to  extend  into 
late  Tertiary,  or  possibly  into  the  Pleistocene  division  of  geologic  time. 

In  the  history  of  the  Columbia  River  lava  Nez  Perce  County  and 
the  country  adjacent  on  the  east  occupy  an  important  place,  for 
there  the  lava  met  the  mountains  which  form  the  eastern  border  of 
the  region  it  inundated.  Although  the  western  shore  of  the  sea  of 
molten  rock  in  the  same  latitude  is  not  definitely  known,  it  was  to  the 
west  of  the  present  crest  line  of  the  Cascade  Mountains  and  at  least 
250  miles  distant. 

The  lava  is  well  exposed  in  the  canyon  walls  throughout  the  region 
under  consideration,  all  through  the  Palouse  country  and  the  (xreat 
Plains  of  the  Columbia  in  Washington,  and  throughout  central  and 
eastern  Oregon.  In  the  central  portions  of  each  sheet  the  rock  is 
usually  compact  and  massive,  nearly  black  in  color,  and  is  typical 
basalt.  As  determined  by  J.  S.  Diller,"  it  is  composed  of  plagio- 
clase,  augite,  olivine,  and  magnetite,  with  considerable  globulitic  base. 
An  exception  to  the  prevailing  characteristics  of  the  lava  occurs 
in  the  rock  on  the  eastern  side  of  Snake  River  Canyon,  at  Corral 
Creek,  and  again  near  the  junction  of  Snake  and  Salmon  rivers.  At 
each  of  these  localities,  at  a  depth  of  about  2,000  feet  below  the 
top  of  the  formation,  there  are  exposures  of  a  sheet  of  black  rock, 
from  90  to  100  feet  thick,  which  contains  crystals  of  labi'adorite  an 
inch  or  more  across.  Below  and  above  this  sheet  are  layera  of  the 
normal  and  in  places  markedly  characteristic  Columbia  River  lava. 
In  the  central  portions  of  thick  sheets  the  rock  is  frequently  columnar 
in  structure,  illustrated  by  a  conspicuous  example  at  what  is  known 
as  the  Candle  Rocks,  on  the  left  bank  of  Snake  River  about  3  miles 
below  Lewiston.  While  the  central  portions  of  the  sheets  are  hard, 
compact,  without  steam  holes,  and  frequently  are  conspicuously 
jointed,  their  upper  and  lower  portions  are  irregularly  and  con- 
fusedly jointed,  and  usually  are  scoriaceous.  The  scoriaceous  layers 
are  likely  to  be  of  a  reddish  color;  occasionally  they  are  bright  red, 

» p.  H.  Knowlton,  Bull.  U.  S.  Geol.  Survey  No.  108,  pp.  103-104. 

«  Water-Supply  and  Irrigation  Paper  U.  S.  Qeol.  Survey  No.  4,  p.  4;i 
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due  to  the  oxidation  of  the  iron  which  thev  contain.  The  number  of 
separate  sheets  in  an  exposure,  as  in  the  wall  of  a  canyon,  for  exam- 
ple, is  usually  difficult  to  determine,  on  account  of  the  disintegration 
that  has  occufred  and  because  of  the  prevalence  of  talus  slopes  and 
landslides,  but  an  approximation  to  the  actual  number  can  be  niadc 
by  counting  the  layers  where  the  rock  is  sufficiently  massive  to  stand 
in  vertical  walls.  On  the  sides  of  Snake  River  Canyon  between 
Asotin  and  the  mouth  of  Grande  Ronde  River,  where  the  cliffs  are 
about  2,000  feet  high,  from  12  to  15  sheets  of  lava  are  exposed.  An 
estimate  made  in  the  same  cianyon,  near  Corral  Creek,  by  counting  the 
layers  of  scoriaceous  rock,  gave  a  still  larger  number.  The  thickne.ss 
of  the  sheets  is  in  general  from  50  to  150  feet.  The  appearance  of 
the  edges  of  the  lava  sheets  exposed  in  the  walls  of  the  numeroiLs 
canyons  excavated  in  it  is  well  shown  in  Pis.  IV  and  V,  Zf,  which  also 
indicate  the  extent  to  which  they  are  concealed  beneath  their  own 
debris.  On  the  surface  of  the  plateaus  between  the  canyons  such 
deep  decay  has  occurred  that  usually  no  hard  rock  is  seen.  In  fact 
one  might  travel  many  miles  through  the  cultivated  fields  above  the 
lava  without  finding  a  fi*agment  of  rock  of  sufficient  size  to  show  its 
common  features. 

The  feature  of  the  lava  which  is  of  greatest  interest  in  conne<^tion 
with  the  possibilities  of  obtaining  artesian  water  is  its  texture.  Is  it 
sufficiently  porous  to  permit  water  to  percolate  through  it,  or  should 
it  be  classed  as  impervious  ^  The  compact  portions  of  the  rock  should 
no  doubt  be  considered  impervious;  but  it  is  so  genemlly  broken  into 
blocks  or  columns,  by  joints,  that  the  ability  of  even  thick  sheeta 
to  retain  water  in  a  lower  porous  layer  under  pressure  is  doubted. 
The  scoriaceous  surfaces  of  the  sheets  where  they  come  in  contact  are 
sufficiently  open  to  permit  the  ready  passage  of  water  through  them, 
and  if  interbedded  with  clay  or  some  similar  material  they  would 
furnish  one  of  the  requisite  conditions  for  flow^ing  wells.  In  this  con 
nection  the  sheets  of  volcanic  dust  and  the  beds  of  sedimentarv  mate- 
rial  interstratified  with  the  basalt  demand  careful  study. 

SHEETS   OF   VOLCANIC    DUST. 

Between  the  sheets  of  Columbia  River  lava  there  are,  at  several 
localities,  beds  of  almost  pure  white,  fine-grained  volcanic  dust,  which 
was  blown  out  of  some  distant  volcano  and  widely  spread  over  the 
land  through  the  agency  of  the  wind.  Exposures  of  this  material, 
known  locally  as  magnesia,  occur  beneath  the  Candle  Rocks,  on  the 
left  bank  of  Snake  River  below  Lewiston;  near  Swallow  Rock,  between 
Clarkston  and  Asotin;  on  Asotin  Creek,  about  10  miles  from  its  month; 
on  Captain  John  Creek;  at  several  localities  in  the  canyon  of  Grande 
Ronde  River;  and  at  a  number  of  places  on  each  side  of  Potlatch  Can- 
yon.    The  exposures  referred  to,  which  occur  oo  the  west  side  of 
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Snake  River,  probably  belong  to  a  single  sheet,  the  position  of  which 
is  about  200  feet  below  the  surface  of  the  topmost  layer  of  lava  as  it 
exists  to-day;  but  most  of  the  exposures  are  in  landslides,  and  the 
exact  position  where  they  occur  in  place  has  not  been  determined. 
The  evidence  seems  to  indicate  that  in  the  region  under  review  there 
are  several  layers  of  volcanic  dust,  some  of  them  mingled  with  sedi- 
n)entary  material.  These  deposits  are  of  special  interest  in  connection 
with  the  question  of  obtaining  artesian  water,  as  the  coarser  layers 
more  particularly  are  sufficiently  porous  to  permit  water  to  percolate 
through  them.  This  is  shown  not  only  by  their  texture  but  by  the  fact 
that  in  certain  instances,  where  their  edges  are  exposed,  springs  come 
to  the  surface,  the  water  having  a  peculiar  opalescent  or  slightly 
milky  appearance,  due  to  the  exceedingly  fine  particles  of  dust  held  in 
suspension.  These  layers  frequently  contain  fossil  leaves,  which 
afford  excellent  illustrations  of  the  nature  of  the  varied  and  luxuriant 
floni  which  clothed  the  lava  plain  at  the  time  the  dust  showers  occurred, 
and  also  serve  to  define  the  stratification  of  the  lava  sheets  with  which 
they  are  associated,  and,  further,  they  are  of  economic  importance,  as 
will  be  shown  further  on. 

Near  the  heads  of  many  of  the  small  streams,  particularly  at  the 
lower  extremities  of  small  gulches,  down  which  there  is  only  an  occa- 
sional flow  of  water,  there  are,  throughout  a  wide  extent  of  territory 
in  eastern  Washington  and  adjacent  portions  of  Idaho,  small  surface 
deposits  of  fine  white  material,  usually  designated  by  herdsmen  and  oth- 
ers as  alkali.  If  examined  under  a  microscope,  however,  this  material 
will  be  found  to  be  composed  of  small  angular  grains  and  shreds  hav- 
ing a  glass-like  appearance;  to  be,  in  fact,  volcanic  dust,  which  chem- 
ical analyses  prove  it  is.  The  deposits  referred  to  are  usually  from  a 
few  inches  to  6  or  10  feet,  possibly  more,  in  thickness.  Characteristic 
examples  occur  on  Cottonwood  and  Cougar  creeks,  which  flow  into 
Snake  River;  about  the  mouth  of  several  of  the  small  gulches  opening 
into  the  canyon  oc<;upied  by  China  Creek,  and  elsewhere,  particularly 
in  the  southern  portion  of  Nez  Perce  County.  In  all  of  these  instances 
the  dust  has  accumulated  in  alluvial  cones  or  flood  plains  near  the 
mouths  of  gulches  which  are  usually  dry,  and  has  not  been  noted  where 
the  conditions  favor  rapid  transportation.  Evidently  it  was  brought 
down  by  brooks  and  rills  flowing  through  the  small  i-avines  and 
g^ulches  at  the  mouths  of  which  it  is  now  found,  and  was  deposited  at  a 
recent  date.  The  probable  explanation  of  these  occurrences  is  that  a 
light  shower  of  volcanic  dust  occurred  over  the  Northwestern  States 
not  many  yeai>j  ago,  and  that  the  material  has  been  washed  from  the 
steeper  slopes  and  in  part  accumulated  in  the  flood  plains  and  alluvial 
cones  of  small,  particularly  of  intermittent,  streams.  The  larger 
streams,  which  must  also  have  received  their  share  of  the  material, 
l>eing  able  to  carry  it  away,  evidence  of  the  shower  is  now  to  be  found 
IRB  53—01 3 
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in  only  sheltered  situations.  That  these  accumulations  of  volcanic 
dust  are  not  due  to  the  washing  out  and  redeposition  of  the  similar 
material  from  between  the  sheets  of  the  Columbia  River  lava  is  shown 
by  the  fact  that  characteristic  examples  of  the  deposits  occur  at  the 
mouths  of  gulches  which  drain  areas  of  the  older  group  of  rocks  only, 
as,  for  example,  on  some  of  the  tributaries  of  Cougar  Creek,  from 
which  the  lava  has  been  removed  by  erosion  and  deep  trenches  exca- 
vated in  the  shale,  limestone,  et(i.,  beneath. 

An  analysis  o'f  a  chai*acteristic  sample  of  the  dust  from  Cotton-wood 
Creek,  one  of  the  small  tributaries  of  Snake  River,  in  the  southern 
part  of  Nez  Perce  County,  is  given  herewith,  which  shows  that  it  is 
richer  in  silica,  potash,  and  soda  than  the  basalt  which  forms  the 
Columbia  River  lava.  Evidently  the  fissure  eruptions  which  furnished 
the  basalt  can  not  be  responsible  for  the  dust,  which  must  have  come 
from  some  distant  volcano  in  a  state  of  explosive  eruption  and  dis- 
charging acid  lava.  The  fineness  of  the  dust,  which  frequently  equak 
that  of  ordinary  wheat  flour,  also  indicates  that  it  was  brought  from  a 
distance  by  the  wind,  all  coarse  particles  being  dropped  on  the  way. 

Aiialysis  ofrolcanu'.  dtistfrom  CoUmnvood  Canyon,  Idalw. 

[W.  F.  Hillebraiul,  analyst] 


Constituent. 


Silica  (SiOa) 

Alumina  ( AU()i) 

Ferric  oxide  "(Fe«(.)ji) 

Ferrous  oxide  f  I^eO) 

Magnesium  oxide  (MgO) 

Cnlcium  oxide  (CaO) 

Sodium  oxide  (NajP). 


Per  cent. 


Pota.saium  oxide  (KaOJ 

Water,  hygroscopic  (HjO-) 
Water,  combined  (HaO-h ) .  -  - 


68.05 
14.33 
1.17 
1.23 
0.47 
2.18 
5.08 
2.58 
0.28 
3.63 


Constituent. 


Per  it-nl. 


Titanium  oxide  (TiO^) 

Ziroxtnium  oxide  (ZrOs) 

PhoHpboriispentoxid  (PjO;.) 
Chlorine  (Cl) . 


o.t! 
0.<Q 
O.K- 


Fluorine  (F) 

Sulphur  (8) '  Triici*. 

Manganous  oxide  (MnO) Traw. 

Barium  oxide  (BaO) '  0.  l^ 

Strontium  oxiae  (SrO) Tthcv. 

Lithium  oxide  (LijO) '  Trart 


Total 


IW.  v^ 


The  dust  referred  to  became  mingled  with  the  soil  of  the  plateau 
and  served  to  increase  its  percentjige  of,  especially,  silica,  [>ota.sh,  and 
soda.  While  the  dust  of  the  particular  shower  of  which  evident' 
r(»main8  can  not  })e  considered  as  having  made  a  notable  increase  in 
t\w  richness  of  the  soil  in  potosh,  it  is  possible  that  older  showers,  all 
direct  evidence  of  which  has  been  lost,  may  have  assisted  in  the  same 
direction,  which  would  explain  the  greater  percentage  of  potash  m 
the  soils  of  the  lava-covered  region  than  is  contained  in  the  rocks  from 
which  they  originated,  as  will  be  explained  further  on. 

DEPosrrs  OF  lapilli. 

When  a  lava  flow  encounters  a  body  of  water  steam  is  generated,  or 
the  wattn'  is.  perhaps,  d(*composed  and  oxygen  and  hydrogen  are  evolved, 
whi(^h,  if  ignited,  cause  an  explosion.  In  either  case  the  hot  rocks  art' 
likely  to  be  blown  into  fragments,  which  are  covered  by  the  lava  in 
case  it  continues  to  advance.     The  fragments  produced  in  this  manner 
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are  angular,  frequently  of  the  size  of  gravel,  and  on  account  of  the 
rapidity  with  which  the  hot  magma  cools  they  usually  have  a  glassy 
texture,  or  when  broken  resemble  bits  of  overburned  earthenware. 
Deposits  of  this  material  known  as  lapilli  occur  in  the  Columbia  River 
lava  at  several  horizons,  but  usually  seem  to  be  local  in  their  distribu- 
tion. A  characteristic  deposit,  in  which  the  angular,  glassy  grains 
are  incrusted  with  a  yellowish  coating,  probably  of  ferric  chloride,  is 
exposed  near  Swallow  Rock,  a  few  miles  below  Asotin,  along  the 
aqueduct  which  supplies  Clarkston  with  water.  Another  deposit  can 
be  seen  above  the  conspicuously  column^.r  basalt  forming  a  colonnade 
along  Snake  River  between  Clarkston  and  Alpowa;  and  others  of  a 
similar  character  but  of  smaller  extent  and  thickness  and  usually  asso- 
ciated with  highly  scoriaceous  lava,  are  known  at  a  few  other  locali- 
ties in  the  Nez  Perce  region.  The  lapilli  is  seemingly  too  local  in  its 
distribution  to  have  much  significance  in  reference  to  the  occurrence 
of  artesian  water,  but  as  it  is  associated  with  the  scoriaceous  portions  of 
lava  flows  and  occurs  between  lava  sheets,  it  would  favor  the  passage 
of  water  through  the  rocks.  Its  principal  geologic  interest  lies  in  the 
fact  that  it  furnishes  a  part  of  the  evidence  by  which  separate  lava 
sheets  may  be  distinguished. 

SEDIMENTARY   BEDS. 

During  each  interval  between  the  inundation  which  spread  out  the 
sheets  of  Columbia  River  lava,  the  streams  from  the  bordering  uplands 
brought  down  debris  and  deposited  it  on  the  newly  formed  surface. 
When  the  intervals  between  the  eruptions  were  long,  the  quantity  of 
debris  swept  down  from  the  uplands  would  increase,  and  it  would  be 
deposited  as  alluvial  cones  at  the  mouths  of  valleys,  or  perhaps  be 
spread  out  in  lakes  on  the  lava  plains  and  form  deltas  or  possibly 
widely  extended  layers  of  lacustral  sediment.  It  is  therefore  to  be  ex- 
pected that  both  fluvial  and  lacustnii  deposits  will  be  found  at  several 
horizons  where  a  number  of  lava  sheets  occur  one  above  another. 
This  expectation  has  been  realized  in  the  Nez  Perce  region,  by  the  dis- 
covery of  several  localities  where  beds  of  clay,  sand,  gravel,  etc., 
occur  between  sheets  of  Columbia  River  lava.  One  of  the  most 
instructive  of  these  is  on  the  farm  of  Ira  Small,  about  6  miles  east  of 
Lewiston  (sec.  1,  T.  35,  R.  5),  where  a  well,  drilled  with  the  hope  of 
obtaining  artesian  water,  passed  through  the  following  strata:  ^ 


1  In  the  first  layer  of  basalt  mentioned  an  inflow  of  water  amounting  to  about  4  barrels  an  hour  was 
obtained  at  a  depth  of  140  feet  from  the  surface.  This  fact,  taken  in  connection  with  observations 
made  elsewhere,  indicates  that  the  basalt  above  the  sedimentary  beds  reported  in  the  section  is  in 
reality  composed  of  two  separate  sheets— the  upper  one  about  140  to  150  feet  thick  and  the  lower  one 
from  90  to  100  feet  thick.  When  the  drilling  had  reached  a  depth  of  approximately  300  feet,  and  was 
at  about  the  bottom  of  the  sand,  as  stated  by  Mr.  Small,  "  there  was  an  escape  of  air  which  had  suffi- 
cient force  to  blow  off  a  2-inch  plank  when  laid  over  the  top  of  the  well."  This  so-called  air  was  not 
inflammable,  and  may  have  been  carbonic  acid  gas?  At  the  base  of  the  clay  an  inflow  of  water  was 
obtained  sufficient  for  the  purpose  of  continuing  the  drilling  in  the  underlying  basalt,  but  no  water 
under  pressure  was  encountered.  The  well  is  6  inches  in  diameter  (tool  6f  inches),  and  is  cased  to 
within  about  10  feet  of  the  surface  of  the  lower  basalt. 


• 
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Sccthm  aUmt  S  rnUes  east  of  Leim^4m,  Idaho. 

Feet. 

Soil  and  subsoil  (decomposed  lava) 10 

Basalt,  hard,  compact,  black 210 

Sand  (about  60  feet)  and  clay  (from  90  to  100  feet) 160 

Basalt,  hard,  compact,  black 75 

Total 465 

The  locality  where  this  boring  was  put  down  is  near  the  northern 
border  of  the  plateau  ternaed  in  this  report  the  Lewiston  Plateau,  which 
at  that  place  slopes  gently  downward  toward  the  south,  in  conf ornnity 
with  the  dip  of  the  strata  beneath  it.  To  the  north  of  the  site  of  the 
boring,  and  from  a  quarter  to  a  half  niile  distant,  is  the  brink  of  the 
south  wall  of  the  canyon  of  Clearwater  River,  in  which  are  exposed 
the  sedimentary  beds  penetrated  in  sinking  the  well.  At  this  locality, 
and  at  the  head  of  a  small  ravine  opening  northward  into  the  canyon 
of  Clearwater  River,  a  copious  spring  outflows  at  the  contact  of  the 
layer  of  sand  with  the  clay  beneath,  which  has  been  enlarged,  by  exca- 
vation, so  as  to  supply  a  neighboring  farm  with  water  for  household 
use  and  irrigation.  This  spring  is  typical  of  a  large  number  of  springs 
in  the  Nez  Perce  region,  and  it  will  be  referred  to  again  in  connection 
with  certain  suggestions  for  increasing  and  utilizing  the  waters  of 
some  of  the  porous  sedimentary  layers  which  occur  between  the  lava 
sheets  by  excavating  "horizontal  wells." 

The  sedimentary  beds  pcneti-ated  in  drilling  Small's  well,  and  which 
are  exposed  in  the  neighboring  gulch,  can  be  tmced  over  a  large  extent 
of  country  in  the  northern  and  western  portions  of  Nez  Perce  County 
and  adjacent  portions  of  Washington  and  Oregon.  They  probably 
extend  eastward  to  the  foothills  of  the  Bitterroot  Mountains,  but  as 
there  are  other  similar  layers  in  that  region  they  have  not  l>een  identi- 
fied east  of  Craig  Mountain.  All  along  the  sides  of  the  canyon  of 
Snake  River  from  near  Lewistou-Clarkston  to  Buffalo  Creek  on  the  east 
and  to  the  breaks  of  Grande  Ronde  Canyon  on  the  west,  as  well  a.s  on 
the  sides  of  the  canyons  of  the  various  bmnches  of  Asotin  Creek,  and 
of  Tammany,  Sweetwater,  and  Lapwai  creeks,  the  sedimentary  bedh 
referred  Uy  are  plainly  revealed  in  the  topography  of  the  canyon  walls. 
The  basalt  above  these  beds  has  been  eroded  more  rapidly  than  the 
layers  below,  leaving  a  terrace  which,  although  usually  heavily 
encuml)ered  with  talus  and  landslides,  can  readily  be  distinguished. 
The  terrace  extends  into  each  side  gulch  which  opens  out  into  the  main 
canyons,  and  near  the  heads  of  these  gulches  there  frequently  is  a 
spring.  The  position  of  the  teri*ace  in  reference  to  the  surfaces  of  the 
adjacent  plateaus  between  the  drainage  lines  varies  from  200  to  38i.> 
feet.  This  variation  is  due  in  part  to  inaccuracies  in  determining  pre- 
cisely where  the  base  of  the  soft  beds  occurs,  owing  to  the  debris  that 
is  almost  invariably  present,  and  to  the  differences  in  weathering  which 
the  plateaus  have  experienced.     By  aneroid  measurement  the  terrace 
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on  the  east  border  of  Snake  River  Canyon  near  Waha  is  200  to  220 
feet  below  the  general  level  of  the  adjacent  plateau;  on  the  border  of 
the  canyon  of  Asotin  Creek  it  is  370  feet  below;  and  on  th(5  Clearwater 
escarpment,  which  forms  the  south  border  of  the  Union  town  Plateau,  it 
is  about  250  feet  below.  The  identification  of  the  sedimentary  layer 
which  deteimines  the  presence  of  the  terrace  referred  to  is  in  places 
rendered  somewhat  difficult,  owing  to  the  presence  above  it  of  another 
layer  of  similar  material,  which  is  separated  from  it  by  a  sheet  of 
basalt.  The  nature  of  these  irregularities,  which  are  to  be  expected 
in  so  large  an  area,  is  shown  by  the  following  section,  obtained  in  the 
south  wall  of  Asotin  C/anyon  nearly  opposite  the  mouth  of  George 
Creek: 

Section  in  Asotin  (hnyon. 

Feet 
Soil  on  the  slope  descending  from  tlie  plateau  surfa^^e,  with  blocks 

of  basalt,  exposures  poor 1 20 

Basalt,  forming  a  well-defined  rim  rock 35 

Sedimentary  beds  containing  a  large  variety  i)f  weIl-rounde<l 

pebbles,  some  of  them  3  to  5  inches  in  diameter 110 

Basalt,  forming  a  bold  escarpment,  in  plat^es  broken  off  and 

fallen  in  landslides 150 

Sedimentary  bed,  soft,  apparently  clay 140 

Basalt,  Bcoriaceous  at  top  and  lK)ttom;  compac^t  in  central  part, 

but  showing  4  or  5  partings  on  weathere<l  sl()j)et< 390 

Total 955 

The  thicknesses  given  in  the  foregoing  section  are  only  approxi- 
mately correct,  as  the  contacts  are  seldom  sharply  defined.  Judging 
by  the  plateau  surfaces,  the  upper  layer  of  basalt  on  Asotin  Creek  and 
at  Small's  farm  are  the  same,  but  the  sedimentary  beds  at  the  former 
locality  are  sepai^ated  by  a  sheet  of  basalt  al)out  150  feet  thick,  and 
their  aggregate  thickness  is  100  feet  more  than  at  the  second  locality 
referred  to.  A  tentative  explanation  of  these  differences  is  that  a  lava 
flow  oc<5urred  in  the  Asotin  region  which  did  not  reach  as  far  to  the 
northeast  as  the  locality  where  the  drill  hole  was  put  down  at  Small's 
farm,  and  that  to  the  east  of  Lewiston  this  lava  flow  practically  sepa- 
rates the  upper  or  sandy  member  of  the  sedimentary  beds  from  the 
lower  or  clayey  member.  The  writer  confesses,  however,  that  the  dif- 
ference may  be  owing  to  errors  of  observation,  as  the  natural  exposures 
are  obscure  and  are  largely  interpreted  from  topographic  forms. 

What  is  probably  a  part  of  the  sedimentary  beds  just  considered 
occurs  on  the  south  side  of  the  Blue  Hills,  in  the  walls  of  the  canyon 
of  Grande  Ronde  River,  but  there  it  appears  to  be  thicker  than  in  the 
vicinity  of  Lewiston,  and  it  carries  one  or  more  beds  of  lignite.  Its 
presence  in  the  locality  referred  to  is  shown  not  only  by  actual  out- 
crops, usually,  however,  in  landslides,  but  in  a  conspicuous  manner  by 
the  topography.     On  the  north  side  of  the  river,  where  the  strata  dip 
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toward  it  at  a  low  angle,  there  have  been  a  great  number  of  large  land- 
slides, but  on  the  south  side,  where  the  strata  dip  awaj^  from  the 
face  of  the  precipices,  the  cut  edges  of  the  beds  stand  nearly  vertical, 
and  the  presence  of  the  soft  layer  near  the  summit  is  revealed  by  a 
well-defined  teri^ace. 

An  important  feature  in  reference  to  these  sedimentary  beds  is  that 
when  two  beds  are  present,  as  along  Asotin  Creek,  the  upper  portion 
of  the  fonnation  is  composed  of  sand  and  gmvel,  and  is  so  open  that 
water  could  flow  freely  through  it.  In  many  instances,  as  on  the  escarp- 
ment forming  the  south  border  of  the  Uniontown  Plateau,  the  gravel 
contains  well-worn  pebbles  5  to  6  inches  in  diameter.  The  lower  por- 
tion of  the  formation,  however,  is  clay-like  and  is  practically  impervious. 
Water  descending  into  the  sandy  and  gravelly  portion  of  the  forma- 
tion is  arrested  by  the  basalt  or  the  clay  beneath  it,  and  there  flows 
laterally,  thus  accounting  for  the  springs  which  appear  where  the  beds 
are  cut  by  canyons.  These  springs  occur  at  only  certain  localities, 
especially  near  the  heads  of  small  gulches,  as  in  most  places  the  out- 
crops of  soft  beds  are  covered  with  loose  material  which  has  fallen 
from  above.  The  large  number  of  canyons,  which  have  been  cut  to  a 
greater  depth  than  the  base  of  the  sedimentary  beds,  in  most  instances 
precludes  the  possibility  of  their  receiving  water  from  the  mountains, 
and  all  of  the  water  which  issues  as  springs,  or  which  may  be  obtained 
by  excavating  tunnels,  must  be  supplied  by  the  local  rainfall.  And* 
on  account  of  the  deep  dissection  of  the  plateaus,  it  is  not  to  be  expected 
that  the  water  in  the  porous  beds  referred  to  could  exist  under  suflB- 
cient  pressure  to  supply  artesian  wells. 

At  Denver  and  Cottonwood,  situated  on  the  Camas  Prairie  within 
the  region  occupied  by  the  Columbia  River  lava  and  at  a  distance  of 
from  8  to  15  miles  from  its  eastern  border,  borings  (the  detailed 
records  of  which  will  be  presented  further  on)  have  been  made,  which 
show,  in  connection  with  natural  exposures  and  the  topography  of  the 
walls  of  neighboring  canyons,  that  sedimentary  beds  of  considerable 
thickness  underlie  the  surface  sheet  of  basalt.  At  Cottonwood  the 
surface  la^-er  of  basalt  is  from  60  to  70  feet  thick,  as  shown  by  a  boring. 
and  rests  on  a  sheet  of  gravel  which  has  been  penetrated  to  a  depth  of 
56  feet  without  reaching  its  base.  At  Denver,  where  several  borings 
have  been  made,  the  surface  sheet  of  basalt  appears  to  be  broken  and 
largely  disintegrated,  as  the  drill  penetrated  only  loose  material  to  a 
depth  of  about  200  feet.  Terraces  on  the  sides  of  canyons  and  occa- 
sional outcrops  in  their  walls  in  the  same  region  indicate  that  over  a 
large  portion,  perhaps  the  whole,  of  the  Camas  Prairie,  layers-of  open 
and  porous  sedimentary  material  are  probably  present  beneath  the 
surface  sheet  of  basalt. 

Along  the  canvon  of  the  South  Fork  of  Clearwater  River,  from 
Stuart  to  the  vicinity  of  Peck,  there  are  occasional  outcrops  of  sand- 
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stone  and  allied  rock,  mostly,  however,  in  landslides,  which  indicate 
the  presence  of  a  thick  sheet  of  similar  material,  the  surface  of  which 
is  about  800  feet  below  the  general  level  of  the  ad]ac*ent  plateaus.  The 
chief  evidence  of  the  presence  of  this  important  bed  of  soft  material 
is  furnished  by  the  vast  number  of  landslides  that  have  occurred. 
Where  the  river  has  not  cut  below  the  level  of  the  bed  referred  to  its 
c^nj'on  widens,  as  at  Kamiah,  and  its  sides  are  formed  by  hundreds  of 
displaced  masses  of  basalt  which  have  fallen  from  above.  A  view 
taken  near  Kamiah  (PL  IX,  A)  exhibits  some  of  the  topographic 
forms  refeiTed  to. 

Throughout  the  length  of  Orofino  Creek,  from  its  mouth  to  near 
Pierce  City,  there  is  an  almost  continuous  series  of  heavy  landslides 
on  each  side  of  the  creek,  which  indicates  the  presence  of  incoherent 
beds  at  least  200  or  300  feet  in  thickness,  beginning  at  a  depth  of  about 
750  feet  below  the  surface.  These  sti*ata  are  probably  a  continuation 
of  those  which  have  so  greatly  influenced  the  topogmphy  of  the  wall 
of  Clearwater  Canvon  near  Kamiah  and  elsewhere.  Their  character 
is  shown  by  outcrops  of  sandstone  and  shale  carrying  lignite  which 
are  exposed  in  the  bed  of  the  creek  at  several  lo(*alities. 

Along  Little  Canyon  Creek,  which  drains  a  portion  of  the  broad 
plateau  to  the  south  of  Orofino,  coarse  sandstone  associated  with  car- 
bonaceous shale  occurs  just  at  the  base  of  the  precipitous  canyon 
walls  and  beneath  800  feet  of  horizontally  bedded  basalt.  The  thick- 
ness of  this  bed  is  not  exposed,  but  it  evidently  is  considerable,  as  the 
water  percolating  from  it  is  suflicient  to  maintain  Little  Canyon  Creek 
throughout  the  dry  summer  months. 

Again,  in  the  canyon  of  Potlatch  Creek,  which  joins  Clearwater  River 
from  the  north  about  18  miles  east  of  Lewiston,  there  are  several  out- 
crops of  sedimentary  beds  interstratified  with  the  Columbia  River 
lava.  In  ascending  the  canyon  the  firet  of  these  exposures  is  on  its 
western  side,  about  3  miles  from  its  mouth,  where  some  grading  has 
been  done  for  a  wagon  road.  There  is  shown  a  thickness  of  about  25 
feet  of  sedimentary  material,  consisting  largely  of  volcanic  dust,  at  a 
height  of  approximately  80  feet  above  the  canyon's  bottom.  Neither 
the  top  nor  the  bottom  of  the  deposit  was  seen,  and  it  is  probably  a 
part  of  a  large  landslide.  This  layer  is  impervious,  and  a  spring  finds 
an  outlet  just  above  it.  A  half  mile  farther  upstream,  and  about  250 
feet  above  the  canyon's  bottom,  there  is  a  small  exposure,  3  to  4  feet 
thick,  of  yellowish  sandstone  carrying  pebbles.  On  the  wagon-road 
grades  which  ascend  the  steep  eastern  side  of  the  canyon  near  Julia- 
etta,  there  are  at  least  three  outcrops  of  sedimentary  beds,  one  of 
which  is  evidently  in  place,  or  has  moved  but  a  short  distance  down 
the  slope  from  its  true  position.  It  is  250  feet  below  the  general  level 
of  the  neighboring  plateau,  and  consists  of  coarse  granitic  sand  span- 
gled with  mica.    A  thickness  of  8  feet  is  in  sight.    Resting  on  this  is  a 
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layer  of  sandy,  micaceous  clay,  a  thickness  of  2  feet  of  which  is 
exposed.  Two  other  outcrops  of  sedimentary  material  at  lower  levels 
consist  mainly  of  volciinic  dust,  and  are  apparently  portions  of  land- 
slides. While  owing  to  the  prevalence  of  landslides  and  talus  but  lit- 
tle information  was  obtained  concerning  the  true  position  of  tho:?e 
beds,  the  differences  between  the  limited  outcrops  observed  show^  that 
at  least  two  important  sheets  of  sedimentary  origin  underlie  the  adja- 
cent plateaus.  One  of  these  beds  is  of  open  texture,  and  permits 
the  free  percolation  of  water,  the  other,  or  lower,  is  clay-like  and 
imperrious.  The  direct  connection  of  these  beds  with  the  sheet**  of 
similar  material  in  the  cliffs  lx)rdering  Clearwater  Canyon  on  the  south, 
between  Spalding  and  Lewiston,  which  are  penetnited  by  the  well  at 
Small's  ranch,  has  not  been  traced,  but  it  is  probable  that  the^'  belonjj 
to  the  same  layers.  While  the  elevations  of  the  outcrops  at  these  two 
localities  differ,  owing  to  the  movements  that  have  occurred  in  the 
rocks,  the  depth  of  the  sedimentary  sheet  below  the  surface  of  the 
broad  plateaus  should  be  in  each  instance  approximately  the  same. 

In  the  canyon  of  Salmon  River  near  the  mouths  of  Eagle  and  Det^r 
creeks,  for  a  distance  of  3  or  4  miles  along  its  western  border,  and 
extending  a  mile  or  more  up  the  sides  of  each  of  the  creeks,  there  are 
five  exposures,  from  20  to  55  or  more  feet  in  thickness,  of  coarso,  yol- 
lowish  sandstone  containing  well-rounded  pebbles  and  fragments  of 
silicified  wood.  This  l)ed  of  .sandstone  is  at  a  depth  of  approximately 
3,500  feet  in  the  Columbia  River  lava,  and  has  beneath  it  a  bed  (»f 
lava  with  a  rough  scoriiu^cous  surface.  One  of  the  outcrops  referred 
to,  on  the  west  side  of  Salmon  River  just  above  the  mouth  of  Eagle 
Creek,  is  interrupted  by  a  promontory  of  crystalline  rock  which  ri.so^ 
into  the  overlying  lava  sheets,  having  formed  an  island  or  cape  in  the 
waters  in  which  the  sandstone  was  deposited.  Such  an  interruption  in 
a  porous  water-bearing  sheet  illustnites  one  class  of  difficulties^  to 
be  expected  in  attempting  to  obtain  artesian  water  from  the  sedi- 
mentary beds  interstratilied  with  the  Columbia  River  lava.  That  is,  the 
old  land  surface  over  which  the  lava  spread  was  irregular;  the  ancient 
peaks  and  ridges  rise  into  the  lava  to  varying  heights,  some  of  them, 
as  already  noted,  remaining  as  steptoes  when  the  last  and  highest  lava 
sheet  flowed  about  them,  while  others,  and  probabl}^  b}"  far  the  larger 
number,  were  buried  to  greater  or  less  depths  and  can  only  be  dis- 
covered when  denudation  has  unearthed  them  or  the  drill  in  its  descent 
encounters  them.  As  will  be  shown  more  fully  further  on,  these  bur- 
ied peaks  and  ridges  of  impervious  rock  may  cut  off  the  supplj^  of 
water  from  an  otherwise  favorably  located  porous  layer. 

SUMMARY. 

In  addition  to  the  observations  already  noted,  others  might  be  cit4^d 
to  prove  the  presence  of  sedimentary  beds  between  sheets  of  Colum- 
bia River  lava,  but  they  are  of  a  qualitative  nature  and  pertain  princi- 
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pally  to  the  presence  of  such  material  in  landslides.     What  is  desired 
are  definite  measurements  of  the  thickness  of  the  sedimentary  deposits 
and  their  depth  below  the  surface;  but  such  quantitative  observations 
are  difficult  to  obtain,  owing  to  the  peculiar  conditions  which  exist,  espe- 
cially^ with  reference  to  the  disintegration  of  the  rocks  in  natural  out- 
crops and  the  tendency  of  soft  beds  beneath  lava  sheets  to  give  origin 
to  landslides.     The  depth  at  which  a  widely  extended  layer  of  clay, 
sand,  gravel,  etc.,  occurs   beneath  the  surface  varies  from  place  to 
place,  owing  principally  to  movements  which  have  affected  the  rocks 
over  broad  areas  and  the  amount  of  surface  denudation.     From  such 
facts  as  are  in  hand  it  is  evident  that  in  the  Nez  Perce  region,  where 
extensive  lava  plateaus  occur,  the  presence  of  porous  water-bearing 
l>eds  is  to  be  expected  at  three  principal  horizons,  namely,  at  150  to 
350  feet,  at  750  to  1,000  feet,  and  at  3,500  to  3,600  feet.     Although 
the  beds  at  these  approximate  depths  below  the  plateau  surface  in 
which  the  stratification  is  essentially  horizontal,  are  widely  extended, 
yet  at  certain  localities  where   the  lower  beds  especially  might  be 
expected  to  occur,  they  have  not  been  found.     In  Snake  River  Can- 
yon above  Asotin,  where  the  sedimentary  beds  would  be  expected  to 
appear  at  the  horizon  750  to  1,000  feet  below  the  surface,  no  evidence 
of   their  prevsence  has  been  obtained.     A  more  careful  search  may 
reveal  them,  but  it  is  evident  that  if  there  were  present  a  stratum  of 
sandstone  of  the  thickness  and  character  of  the  one  near  Orofino  it 
would  have  a  deluded  influence  on  the  topography  of  the  canyon  walls, 
and  such  testimony  is  wanting.     The  conclusion  to  be  drawn  from 
this  negative  evidence  seems  to  be  that  the  beds  under  consideration 
did  not  reach  the  locality  referred  to,  possibly  on  account  of  interven- 
ing ridges  of  the  pre-lava  formations  which  cut  off  the  streams  from 
the  Bitterroot  Mountains. 

The  general  history  to  be  read  in  these  sedimentary  beds  is  that 
the  material  of  which  they  are  composed  was  brought  by  streams 
from  the  mountains  bordering  the  Columbia  River  lava  on  the  east 
and  spread  out  over  the  lava  from  time  to  time,  during  the  inter- 
vals between  the  eruptions,  as  alluvial  fans  and  as  lacustral  depos- 
its. The  material  thus  spread  out  should  become  finer  and  finer 
when  traced  away  from  the  mountains  that  supplied  it,  and  in  the  case 
of  the  beds  of  sand  and  gravel  it  should  thin  out  in  the  same  direction. 
Such  beds  should  also  be  more  numerous  near  the  eastern  border  of 
the  lava  plateaus  than  farther  west,  for  after  each  lava  flow  some 
material  would  be  washed  down  upon  it  from  the  mountains,  but  dur- 
ing" only  the  longer  intervals  would  widely  extended  alluvial  fans  be 
formed.  For  this  reason  it  may  be  concluded  that  the  probabilities  of 
obtaining  artesian  water  should  increase  as  the  eastern  margin  of  the 
la.st  lava  flow  is  approached. 

While  the  beds  of  sand  and  gravel  referred  to  should  be  considered 
niainly  as  stream  deposits,  they  ma}^  be  in  part  the  shore  foundations 
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of  lakes  into  which  the  Htreains  flowed.  There  Ih  no  means  of  deter- 
mining from  occiisional  exposures  under  which  of  these  two  methods 
sand  and  gravel  may  have  l)een  laid  down,  and  in  fact  the  stream-laid 
beds  and  the  layers  of  coarse  material  found  in  the  shallow  portions  of 
lakes  merge  into  the  others  by  insensible  gradations.  The  fine  clays, 
however,  such  as  those  underlying  the  region  about  Lewiston  at  a 
depth  of  280  to  300  feet  below  the  surface  of  the  level  plateaus,  were 
evidently  deposited  in  lakes,  and  may  l)e  widely  extended  without 
exhibiting  marked  variations  in  thickness.  During  the  intervals 
between  many  of  the  eruptions  lakes  probably  existed  on  the  surface 
of  the  lava,  and  the}'  would  lay  down  sheets  of  clay-like  material  of 
variable  thickness,  dependent  largely  on  the  length  of  time  they 
existed;  but  the  positions  of  the  lakes  can  not  be  predicted.  It  is 
expected,  however,  that  lacustral  deposits  will  be  found  widely  dis- 
tributed throughout  the  Columbia  River  lava,  and  as  they  are  in  gen- 
eral composed  of  impervious  beds,  one  of  the  conditions  requisite  for 
the  storage  of  water  under  pressure — artesian — may  be  pre^^ent  in  even 
the  centnil  portion  of  the  lava-covered  country.  This  statement  in 
reference  to  the  probable  wide  extent  of  hu^ustml  deposits  interl)edd«Hl 
with  the  lava  is  not  based  entirely  on  general  principles,  as  thick  and 
widelv  extended  foundations  of  the  nature  referred  to  are  known  to 
exist  in  west-central  Washington.  On  the  whole,  what  is  known  of 
the  sedimentjiry  beds,  whether  fluviatile  or  lacustral,  interbedded  with 
the  Columbia  River  lava  is  favorable  to  obtaining  artesian  water  over 
a  widely  extt^nded  region  embracing  portions  of  Washington,  Oregon, 
and  Idaho. 

SOILS. 

As  is  well  known,  the  material  forming  soils  is  composed  chiefly  of 
disintegrated  and  more  or  less  thoroughly  decomposed  rock  debris. 
This  debris  (uther  remains  in  essentially  the  position  where  it  origi- 
nated or  is  removed  from  that  position  and  redeposited  elsewhere. 
Two  heading  classes  of  superficial  accumulations  are  thas  produoinl, 
termed  sedentary  deposits  and  transported  deposits,  in  each  of  which 
important  subdivisions  have  been  recognized.  So  far  as  the  Noz 
Perce  region  is  concerned,  the  representatives  of  the  sedentary 
deposits  are  such  as  have  originated  from  the  disintegration  and 
decay  of  rocks  in  place,  and  they  may  be  termed  residual  soils;  while 
the  superficial  material  which  has  been  brought  from  a  distance  and 
redepositc^d,  found  principally  along  the  margins  of  the  rivers,  form> 
alluvial  soils. 

RESIDUAL   SOILS. 

The  character  and  mode  of  origin  of  the  soil  in  a  typical  portion  of 
the  great  region  occupied  by  the  Columbia  River  lava  has  been  dis- 
cussed in  a  previous  report,^  and  but  little  information  in  addition  to 

»A  reconnoisMuncc  In  sontheafltern  Wafihington,  by  I.  C.  Ruwell:  Water-Supply  and  Irrigation  Pa|ier 
•U.  8,  Geol.  Survey  No.  4  (1897),  pp.  57-64. 
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what  wiis  then  presented  can  be  pfiven  at  this  time.  The  soils  covering 
the  broad  plateau  surfaces  in  the  Nez  Perce  region  and  streaming  down 
their  steep  bordering  escarpments  are  similar  to,  in  fact  practically 
identical  with,  the  soils  about  Pullman,  Washington,  described  in  the 
report  just  referred  to.  Throughout  the  lava-covered  portions  of 
Oregon,  Washington,  and  Idaho  and  the  bordering  uplands,  composed 
of  older  terranes,  the  soils  have  resulted  from  the  disintegration  and 
decay  of  the  underlying  rocks,  and  in  genenal  have  been  removed  but 
short  distances,  if  at  all,  from  their  original  positions.  This  conclusion 
is  sustained  by  the  fact  that  when  the  sua'face  material  is  traced  down- 
ward it  is  found  to  change,  frequently  by  insensible  gmdations,  into 
the  underlying  and  still  solid  rock;  also  by  comparing  the  chemical 
composition  of  the  soil  and  subsoil  with  that  of  the  unaltered  rocks 
beneath,  and  by  noting  the  surface  changes  in  passing  from  one  geo- 
logic formation  to  another.  In  traveling  from  the  lava  plateaus  to  the 
adjacent  uplands  of  older  rocks,  such  as  limestone,  granite,  diorite, 
schist,  etc.,  in  the  foothills  of  the  Bitterroot  Mountains,  an  immediate 
change  in  the  character  of  the  soil  forces  itself  on  one's  attention. 
Above  the  lava  the  soil  is  line  and  of  a  dark  color,  owing,  principally, 
to  the  presence  of  orgiinic  matter,  while  the  subsoil,  equally  fine  in 
texture,  is  always  of  a  dull  yellow  or  a  brownish  yellow  color,  and  is 
characteristically  without  pebbles  or  sand  grains  v^isible  to  the  unaided 
eye,  while  the  soils  on  the  older  rocks  are  usually  light  colored  and 
contain  sand,  angular  fragments  of  rocks,  and  minerals  the  nature  of 
which  can  readily  be  determined  and  which  corresponds  with  that  of 
the  underlying  rocks.  The  chemical  composition  of  these  two  divisions 
of  residual  soils  shows  marked  differences,  in  harmon}'^  with  the  obvious 
iact  that  the  soils  of  the  lava  plateaus  are  more  productive  than  those 
of  the  older  formations. 

Compared  with  the  older  rocks  adjacent  to  it,  the  greiiter  rapidity 
with  which  the  Columbia  River  lava  breaks  down  and  changes  its 
physical  characteristics  is  shown  by  the  increased  fineness  and  far  more 
complete  decay  of  the  residual  material  produced.  This  is  the  more 
striking  when  it  is  remembered  that  the  region  composed  of  the  older 
terranes  above  the  level  of  the  last  sheet  of  lava  has  been  much  longer 
exposed  to  the  influences  which  produce  weathering  than  the  more 
thoroughly  decayed  surface  of  the  lava.  That  this  difference  is  not 
due  to  differences  of  slope  or  of  exposure — the  surface  of  the  lava 
being  frequently  nearly  flat,  while  the  surface  slopes  of  the  older 
terranes  are  more  generally  inclined,  thus  favoring  the  removal  of 
small  particles  and  resulting  in  a  concentration  of  the  larger  frag- 
ments— is  evident  from  the  fact  that  the  older  land  has  a  great  variety 
of  surface  slopes  and  that  on  all  of  them  the  debris  is  much  less  thor- 
oughly decomposed  than  on  the  lava  plateaus  or  even  on  the  steep 
escaipments  fonning  the  walls  of  the  canyons  excavated  in  the  lava. 

The  fact  that  the  soil  on  the  lava  plateaus  is  not  mainly  a  dust  deposit 


44  GEOLOGY,  ETC.,  OF  NEZ  PERCE  CO.,  IDAHO. — PART  T       [No.5i 


brought  from  a  distance  by  the  wind,  as  its  fineness  might  indicate  and 
as  has  been  suggested  by  certain  careful  observers,  is  clearly  shown 
by  the  abrupt  change,  just  referred  to,  observable  in  the  surface 
material  on  passing  from  the  lava  to  the  bordering  upland  and  particu- 
larly on  visiting  the  steptoes  which  rise  in  isolated  positions  through  the 
lava.  On  Steptoe  and  Kamiah  buttes  in  Washington,  on  Cottonwood 
Butte  in  Idaho,  and  on  other  similar  island -like  areas,  or  steptoes,  of  pro- 
Tertiary  terranes  rising  through  the  Columbia  River  lava  there  is  an 
abrupt  and  frequently  conspicuous  change  between  the  soil  of  the 
buttes  and  that  of  the  surrounding  plateau.  The  soils  on  the  various 
steptoes  also  diifer  from  one  another,  but  all  contain  fragments  of  the 
underlying  rocks.  These  observations  are  evidently  not  in  harmony 
with  the  suggestion  that  the  soil  of  the  wheat  lands  has  been  brought 
from  a  distance  by  the  wind. 

The  great  importance  of  the  wonderfully  rich  soil  on  what  may  l>e 
termed  the  wheat  lands  of  the  region  under  consideration  Ls  sufficient 
excuse  for  repeating  certain  observations  concerning  it,  which  were 
published  in  the  report  already  cited.  In  the  following  table  there  is 
given  the  results  of  analyses  of  a  sample  of  basalt,  a  representative 
of  the  Columbia  River  lava,  collected  at  Wallawalla,  Washington,  and 
of  the  subsoil  and  soil  resting  on  the  same  formation  at  Daj^ton,  Wash- 
ington. The  subsoil  is  from  a  depth  of  30  feet,  and  the  soil  was  col- 
lected in  a  wheat  field  at  a  depth  of  2  feet  below  the  surface.  Each  of 
these  samples  is  characteristic  of  the  material  from  which  it  was  taken 
over  a  wide  extent  of  country. 

Analyses  ofbcaaUy  subsoUy  and  sad  from  WaUavxUl/i  and  Daytofij  Washington 

[QeoiKe  P.  Merrill,  analyst} 


ConHtituent. 


Basalt. 


I 


Silica  (SiOi) 

Alumina  ( AU)a)  • 
Iron  oxide  (FeM^) 


Magnesia  (MgO)  , 

Lime  (CaO) 

Soda  (NiU)) 

Potaah  (K^) 

Loss  on  ignition  (principally  organic  matter) 


Total 


} 


Percent 
47.35 

M.38 

4.43 
8.27 
2.56 
1.83 
.9b 


99.26 


Subsoil. 


St>il. 


/Vr  (xnL    Purr  mi. 
65.89  6:^1.  V 


•>» 


19 


1.85 
2.36 
2.06 
2.S6 
2.60 


22,36 
2.> 

2.r 

4.37 


99. 3S 


99. 1'' 


In  reference  to  these  analyses,  Merrill  says: 

All  of  the  material  analyzed  was  first  dried  at  100°  C.  The  analyses  are  not  a- 
detailed  as  I  would  like  to  make,  but  are  all  that  the  limited  time  permits.  Perha{v 
the  most  striking  fact  in  the  analyses  is  the  similarity  in  composition  between  thtf 
surface  soil  and  that  from  a  depth  of  30  feet;  almost  the  only  essential  difEere'Jice 
being,  apparently,  the  larger  j)erceiitage  of  volatile  matter  of  the  surface  soil.  Nt.t 
having  as  yet  separated  the  iron  and  alumina,  I  am  unable  to  account  for  the  appar- 
ent loss  of  these  constituents  shown.  From  previous  analyses  I  am  led  to  Bii^iect 
that  the  iron  oxides  have  been  very  largely  removed.  I  am  unable  as  yet  to  *ux^^unt 
for  the  apparent  increase  in  potash  in  the  decomposed  material.  It  is  po^ble, 
though  hardly  probable,  that  this  is  due  to  errors  in  analysis. 
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The  close  similarity  between  the  composition  of  the  soil  and  sub- 
soil and  of  the  rock  which  occurs  beneath  them  is  instructive  and 
sustains,  the  conclusion  that  the  surface  material  has  resulted  from  the 
breaking  down  of  basalt.  In  the  formation  of  residual  soils  the  more 
soluble  constituents  are  removed  in  solution  by  percolating  water,  and 
the  less  soluble  substances  are  left  as  a  residuum.  The  soil  and  subsoil 
should  therefore  cdntain  an  increased  percentage  of  the  less  soluble 
i^ubstances  in  the  original  rock,  such  as  silica  and  alumina,  and  a 
smaller  percentage  of  the  more  readily  soluble  substances,  such  as  soda, 
potash,  lime,  etc.  The  foregoing  analyses  are  essentiall}'^  in  harmony 
with  this  general  principle,  with  the  exception  of  the  potash  and  soda. 
In  the  case  of  the  potash  there  is  an  increase  in  the  decomposed  mate- 
rial above  the  amount  present  in  the  parent  rock,  while  the  percentage 
of  soda  is  nearly  the  same.  This  result  is  so  surprising  that  I  fear  more 
analyses  should  be  made  before  accepting  it  as  final,^  but  it  is  perhaps 
not  out  of  place  to  suggest  a  way  in  which  potash  and  soda  may  have 
been  added  to  the  soil. 

Over  a  large  portion  of  the  United  States  to  the  west  of  the  Missis- 
sippi there  have  been  showers  of  volcanic  dust  in  recent  times.  An 
analysis  of  some  of  this  material  which  fell  in  Nez  Perce  County  has 
already  been  given  (p.  34),  which  shows  that  it  carries  2.58  per  cent  of 
potash  (KjO)  and  5.08  per  cent  of  soda  (NajO).  This  material  falling 
on  the  surface  of  the  plateaus  would  in  most  situations  not  be  washed 
away,  but  would  form  an  addition  to  the  soil.  How  many  showers  of 
volcanic  dust  have  occurred  since  the  last  sheet  of 'Columbia  River  lava 
was  poured  out  is  unknown;  but  as  such  showers  occurred  during  the 
eruption  of  the  lava,  and  also  at  a  recent  period,  it  is  reasonable  to 
8upp)ose  that  they  took  place  in  the  interval  referred  to.  The  material 
thus  added  to- the  residual  soils  would  be  on  its  upper  surface,  although, 
judging  by  present  conditions,  when  in  general  the  plateaus  are  with- 
out surface  drainage,  there  would  be  a  ti'ansfer  of  soluble  material  by 
percolation  from  the  surface  downward.     If  there  has  been  a  notable 

1  In  Bulletin  No.  9  of  the  ojnicaltural  experiment  station  at  Moscow,  Idaho,  by  Prof.  Charles  W. 
McCiirdy,  and  In  Bulletin  No.  13  of  the  agricultural  experiment  station  at  Pullman,  Washington,  by 
Prof.  Elton  Fulmer  and  Prof.  C.  C.  Fletcher,  a  large  number  of  soil  analyses  are  given,  and  of  thofle  the 
Ramples  for  which  came  from  the  region  occupied  by  the  Columbia  River  lava,  only  one  contains 
potafih  in  excess  of  1  per  cent,  while  the  average  is  about  one-half  of  1  per  cent.  The  exception 
referred  to  is  in  the  case  of  the  subsoil  from  near  the  experiment  station  at  Moscow,  analyzed  by 
McCurdy,  which  is  reported  to  contain  1.83  per  cent  of  potash.  The  soil  at  the  same  locality  con- 
tained butO.&O  percent  of  potash.  This  analysis  is  vitiated,  however,  for  our  present  purpose,  as 
«*  sand  andsilicates"  are  reported  present  to  the  extent  of  73.77  per  cent;  what  is  included  under  the 
term  silicates  is  questionable.  In  a  large  number  of  analyses  of  the  soils  of  Washington  by  Fulmer 
and  Fletcher,  in  which  there  seems  to  be  no  ambiguity  of  the  nature  just  referred  to,  the  potash 
reported  is  always  considerably  less  than  1  per  cent.  The  geologic  relations  of  the  soils  analyzed 
i»  not  always  stated,  but  a  number  of  these  are  certainly  from  localities  which  are  underlain  by  the 
Columbia  River  lava.  In  a  summary,  In  reference  to  the  presence  of  lime,  phosphoric  acid,  and 
potash  in  the  solto  of  Washington,  embracing  the  results  of  46  analyses,  the  maximum,  minimum, 
And  mean  percentage  for  potash  are  0.6428,  0.0354,  and  0.8049,  respectively.  There  is  thus  a  serious 
ciiscrepancy  between  the  analyses  Just  cited  and  those  by  Merrill  given  on  page  44,  in  reference  to  the 
percentage  of  potash  in  the  soils  of  the  Columbia  River  lava  region,  which  will  have  to  be  diminished 
t>cfore  the  discussion  of  the  origin  of  the  soils  from  a  chemical  standpoint  can  satiufactorily  be  con- 
tinued. 


46     GEOLOGY,  ETC.,  OF  NEZ  PERCE  CO.,  IDAHO. PABT  I.   [no.». 

addition  of  volcanic  dust  to  the  surface  of  the  residual  soils  on  the 
lava,  analysis  may  reasonably  be  expected  to  show  a  greater  percent- 
age of  potash  in  the  soil  than  in  the  subsoil,  but  this  supposition  is  not 
sustained  by  the  chemical  evidence  available.  Again,  the  beds  of  vol- 
canic dust  interstratified  with  the  Columbia  River  lava  mav  have  con- 
tributed  material  to  the  soils  formed  by  their  decay  and  enriched  in 
potash.  The  volcanic  dust  referred  to  is  of  the  same  physical  charac- 
ter as  that  of  which  an  analysis  has  been  given,  and  with  little  doubt  i< 
of  about  the  same  chemical  composition. 

A  typical  illustration  of  the  nature  of  the  soil  and  subsoil  produced 
by  the  disintegration  and  decay  of  basalt  is  afforded  at  an  excavation 
made  for  clay  at  a  brickyard  in  Uniontown.  The  material  there  ased 
for  brick  making  is  the  normal  subsoil  of  the  wheat  lands.  It  is  al>out 
35  feet  thick,  but  the  passage  to  the  solid  rock  beneath  was  not 
exposed  at  the  time  it  was  visited.  The  material  is  fine  in  texture,  in 
fact  is  almost  without  appreciable  grains,  and  is  of  a  uniform  brown- 
ish yellow  color,  except  that  the  upper  4  or  5  feet,  as  seen  in  verticiil 
walls,  is  darkened  by  organic  matter.  There  not  only  is  no  evidence 
of  stratification,  but  the  material  is  uniform  in  color,  texture,  etc., 
from  the  base  of  the  discolored  upper  portion  to  the  bottom  of  the 
exposure,  a  depth  of  about  25  feet.  The  most  interesting  feature  is 
the  presence  of  nearly  vertical  but  somewhat  tortuous  tubes,  having 
an  approximately  uniform  diameter  of  one-fourth  inch,  which  occur  at 
intervals  of,  in  general,  from  4  to  6  inches.  These  tubes  can  easily  l)e 
traced  in  the  walls  of  the  excavation  for  distances  of  5  or  6  feet,  and 
seem  to  be  continuous  from  the  base  of  the  layer  of  soil  to  the  bottom 
of  the  exposure.  They  are  so  nearly  vertical  that  the  gentle  bends  or 
irregularitie^s  in  direction  seldom  cause  them  to  depart  more  than  4  or 
5  inches  from  a  mean  position.  They  do  not  bifurcate  or  send  off 
bran(^hes,  and  have  no  definite  walls.  They  are  simply  holes  in  the 
soft,  clay-like  mat<?rial  traversed  by  them.  On  their  interiors  then* 
are  slight  irregularities,  such  as  might  be  produced  by  the  downward 
flow  of  drops  or  small  clots  of  the  material  which  they  traverse,  which 
have  hardened  so  as  to  fonn  slight  elevations  with  well-defined  and 
rounded  lower  margins. 

A  tubular  structure  like  that  just  described  is  somewhat  exceptional 
in  the  residual  soils  on  the  Columbia  River  lava,  but  it  has  Ixn^n 
observed  in  a  few  other  instances.  More  commonly  much  smaller 
tubes  are  present,  similar  in  every  way,  except,  perhaps,  in  the  char- 
acter of  their  bounding  surfaces,  with  diameters  rather  uniformly 
about  one-tenth  of  an  inch.  These  small  tubes  were  not  observed  in 
the  subsoil  at  Uniontown,  but  in  many  other  instances,  in  material  of 
the  same  character,  they  were  so  numerous  that  a  cubic  inch  of  the 
subsoil  could  not  be  examined  without  finding  several  of  them. 

The  origin  of  either  class  of  these  tubes  is  unknown,  but  it  is  obviou> 
that  they  serve  an  important  function  in  permitting  the  ready  absor].*- 
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tion  of  rain  water  falling  on  the  wheat  lands,  and  show,  in  fact, 
why  there  seldom  is  any  evidence  of  surface  rills.  Slopes  of  fully  25 
to  30  degrees,  composed  of  soft  soil  in  either  its  natural  condition  or 
plowed,  harrowed,  and  left  unsown  for  a  year,  a  common  custom, 
show  no  rill  marks  such  as  are  usual  in  many  regions,  especially  where 
the  soil  is  an  impervious  clay.  The  open  tubes  in  the  subsoil  insure  a 
prompt  and  most  effective  underdrainage  and  aeration,  and  the  soil  in 
which  it  is  presumed  the  tubes  have  been  obliterated,  through  move- 
ments in  the  material,  due  to  the  beating  of  rain,  the  growth  of  plants, 
frost,  etc. ,  is  so  exceedingly  fine — ^less  than  2  per  cent  of  the  grains 
exceeding  one-tenth  of  a  millimeter  in  diameter' — that  all  of  the  water 
falling  on  it  is  at  once  absorbed.  While  the  rate  of  evaporation  is 
high,  the  soil  does  not  become  charged  with  alkaline  salts,  as  is  so 
commonly  the  case  in  regions  of  small  rainfall — the  water  from  below 
being  raised  to  the  surface  by  capillary  atti-acjtion,  and  the  salts  it 
contains  being  precipitated  as  evaporation  progresses — but  on  account 
of  the  prompt  subdrainage  by  percolation,  where  I'ain  occurs,  the 
material  brought  to  the  surface  during  dry  seasons  is  redistributed. 
The  only  localities  on  the  plateaus  underlain  by  Columbia  River  lava 
where  alkaline  salts  are  concentrated  at  the  surface  are  in  low  basins 
where  an  excess  of  organic  matter  has  rendered  the  soil  impervious; 
but  these  places  are  of  rare  occurrence  and  of  small  area. 

On  the  precipitous  walls  of  the  numerous  canyons  cut  into  the 
Columbia  River  lava  and  the  older  formation  beneath,  there  is  usually 
a  mantle  of  soil  not  only  on  the  ledges  and  terraces  but  on  the  steep 
talus  slopes  and  irregular  surfaces  of  landslides.  These  soils,  although 
asually  composed  largely  of  disintegrated  and  decayed  basalt,  have  in 
many  instances  received  important  additions  of  material  derived  from 
the  layers  of  volcanic  dust,  sand,  gravel,  etc.,  interbedded  with  the 
lava,  and  at  horizons  below  the  base  of  the  lava  sheets  they  contiiin 
also  the  debris  of  the  pre-Tertiary  terranes.  The  sides  of  the  canyons 
are  nearly  everywhere  clothed  with  bunch  grass,  and  in  spite  of  their 
steepness  they  afford  excellent  pasturage.  The  commingling  of  ddbris 
on  the  steep  plateau  margins  has  led  to  the  making  of  a  soil  which  in 
some  instances  seems  to  be  even  better  adapted  to  agriculture  and  hor- 
ticulture than  the  more  uniform  soils  of  the  plateau  surfaces.  This 
may  be  due  in  part,  however,  to  more  favorable  exposure  to  the  sun, 
i)ut  it  certainly  is  influenced  by  the  escape  of  water  from  the  cut  edges 
of  porous  layers  in  the  lava  formation. 

In  the  case  of  the  terranes  of  older  date  than  the  Columbia  River 
lava,  surface  disintegration  seems  to  be  in  excess  of  rock  decay,  as  the 
soils  are  usually  charged  with  rock  fragments,  while  on  the  lava 
plateaus  the  reverse  is  true,  and   fragments  of  rock  large  enough 

1  See  mechanical  analysis  of  n  Mimple  of  wheat-land  soil  from  Pullman,  WoHhin^rton,  hy  Milton 

Whitmey:  Water-Supply  and  Irrigation  Paper  U.  S.  Geol.  Survey  No.  4  (1897),  p.  69.  i 
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to  be  distinguished  by  the  unaided  eye  are  of  rare  occurrence,  even 
at  depths  of  from  20  to  perhaps  76  or  more  feet  below  the  surface. 
The  lava  is  plainly  more  prone  to  decay  and  to  crumble  under  the 
influence  of  percolating  water  than  is  the  granite,  diorite,  gneiss?, 
schist,  limestones,  etc. ,  of  the  older  formations.  The  marked  tendency 
of  the  lava  to  decompose  in  this  manner  and  to  yield  a  rich  soil  of 
such  a  physical  character  that  it  absorbs  and  retains  all  of  the  rain 
which  falls  on  it  and  is  easily  plowed,  insures  a  long  period  of  pros- 
perity for  this  "Inland  Empire,"  as  the  grain-growing  region  of 
eastern  Oregon  and  Washington  and  neighboring  portions  of  Idaho  is? 
sometimes  termed. 

The  peculiar  and  interesting  surface  relief  of  the  lava  plateaus  will 
be  discussed  further  on,  in  connection  with  other  features  of  the  phys- 
iography of  the  region  under  consideration. 

TRANSPORTED   SOILS. 

In  addition  to  the  residual  soils  in  the  Nez  Perce  region,  which 
occupy  probably  ninety-nine  one-hundredths  of  the  surface,  there  are 
small  detached  areas,  principally  along  the  margins  of  the  larger 
streams,  where  the  soil  is  composed  of  silt,  sand,  and  gravel  deposited 
by  the  streams  during  high-water  stages.  These  transported  soils,  in 
which  the  debris  from  an  extensive  series  of  cliffs  is  commingled,  con- 
tain a  great  variety  of  rock  fragments,  usually  well  rounded  and 
assorted  and  deposited  in  an  orderly  sequence  with  reference  to  size 
and  specific  gravity.  At  present  this  material  forms  flood  plains 
which  are  inundated  during  high-water  stages,  or  represents  ancient 
flood  plains  which  have  been  abandoned  owing  to  the  deepening  of 
stream  channels.  In  excavations  in  these  deposits  the  changes  to  bo 
observed  as  the  depth  below  the  surface  increases,  are  such  as  are 
normal  to  similar  accumulations  the  world  over,  and  result  from  the 
manner  in  which  the  material  was  laid  down.  As  a  rule,  the  surface 
of  a  flood  plain  is  composed  of  fine  silt  or  fine  sand;  beneath  this, 
at  a  depth  usually  varying  from  3  to  4  feet,  there  is  a  chang-e  to 
gravel,  and  at  lower  levels  pebbles,  and  even  cobblestones  and  rounded 
water-worn  bowlders,  may  be  found.  The  reason  for  this  arrange- 
ment is  that  the  material  in  the  flood  plains  of  streams  is  continually 
being  worked  over  by  the  streams  themselves  and  becomes  assorted. 
Where  streams  are  depositing  their  loads  they  flow  in  curves,  cut 
away  their  banks  on  the  outer  side,  and  make  deposits  on  the  inner 
side  of  each  bend.  The  material  cut  away  at  one  curve  is  carried 
downstream  and  much  of  it  is  redeposited  on  the  inner  side  of  the 
next  curve  below.  This  process  is  clearly  illustrated  along  the  lower 
course  of  Clearwater  River,  and  can  be  observed  in  almost  any  brook 
or  rill.  The  succession  of  finer  and  finer  material  from  the  bottom 
of  a  flood-plain  deposit  to  the  surface  is  due  to  the  fact  that  the  lower 
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portion  is  laid  down  in  the  central  part  of  a  stream,  where  the  current 
18  swift,  and  as  the  stream  migrates  finer  and  finer  material  is  deposited 
upon  it.  The  last  layer  is  spread  out  during  inundation.  It  also 
receives  dust  deposited  from  the  air,  is  usually  of  fine  quality,  and 
forms  a  remarkably  rich  soil.^ 

Flood  plains  of  the  nature  of  those  just  described  occur  along  Clear- 
water River,  and  are  also  well  illustrated  near  Kamiah,  Lewiston, 
Spalding,  and  Lapwai.  They  arc  built  on  deposits  of  the  same  nature, 
and  in  a  few  other  instances,  along  the  larger  streams,  there  are  small, 
nearly  flat  areas  of  a  similar  character;  but  in  general  the  canyons  are 
too  narrow  to  permit  the  deposition  of  much  of  the  material  that  is 
being  transported  through  them.  The  streams  in  general  are  engaged 
ill  deepening  their  channels;  they  have  not  reached  the  stage  of  broad- 
ening their  valleys  and  spreading  out  extensive  flood  plains.  It  is  only 
where  special  conditions  exist — for  instance,  the  presence  of  soft  beds 
at  the  level  of  the  streams,  as  at  Kamiah,  or  where  a  depression  of  the 
rocks  has  caused  a  widening  of  the  valleys,  as  along  Clearwater  River 
near  Lewiston — that  flood  plains  of  suflicient  width  to  be  of  economic 
importance  are  to  be  found.  The  fact  that  the  flat  lands  referred  to 
are  due  to  stream  deposition  is  clearly  shown  in  numerous  instances 
by  the  presence  of  abandoned  stream  channels,  some  of  which  are  in 
the  condition  of  lakelets  or  sloughs. 

Flood-plain  deposits  form  the  lands  now  under  cultivation  in  Asotin 
Canyon,  and  there,  iis  elsewhere,  they  are  in  danger  of  being  removed 
by  the  same  agencj"^  that  built  them.  This  obvious  truth  should  be 
borne  in  mind  by  all  who  seek  to  cultivate  the  narrow  flood  plain  in 
that  canyon,  particularly  where  the  small,  flat  areas  of  rich  land  favor- 
abl}'  situated  for  irrigation  have  tempted  people  to  build  their  homes 
within  reach  of  the  creek  when  swollen  by  heavy  rains.  The  canyon 
bears  evidence  of  having  recently  been  swept  by  floods  caused  by  tor- 
rential rains,  commonly  termed  cloudbursts.  Similar  high-water  stages 
are  sure  to  recur,  and  proper  precautions  should  be  taken  to  insure 
tht»  safety  of  life,  even  if  the  risks  to  grain  fields  and  orchards  are 
accepted. 

As  will  be  shown  further  on,  the  rivers  of  the  Nez  Perce  region  first 
cut  their  canyons  to  about  their  present  depths,  then  filled  them  with 
gravel  to  a  depth  of  350  feet,  and  have  since  removed  the  greater  part 
of  the  material  formerly  deposited.  In  this  process  of  reexcavation, 
in  a  few  instances  portions  of  old  flood  plains  have  been  left,  and  they 
furnish  examples  of  transpoilied  soils  at  a  considerable  elevaticm  above 
the  present  streams.  Clarkston  is  built  on  an  alluvial  deposit  of  this 
nature  which  has  a  sloping  surface,  owing  to  the  fact  that  it  is  on  the 

»ThiH  and  other  importimt  changes  now  being  made  by  streams  in  the  surface  features  of  the  earth 
\rv  di.HOiiiwed  somewhat  fully  in  Rivers  of  North  America,  by  Israel  C.  Russell,  published  by  Putnam's 
■kms.  New  York,  1898. 
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concave  side  of  a  curve  in  Snake  River,  and  the  stream,  in  deepening 
its  channel,  migrated  slowly  eastward.  In  this  instance  there  is  a  sur- 
face layer  of  fine  silt-like  material,  about  5  or  6  feet  thick,  resting  on 
coarse  gravel  and  cobblestones.  The  surface  layer  furnishes  a  rich 
soil,  and  the  open  texture  of  the  gravel  beneath  insures  underdraiu- 
age,  which  prevents  the  concentration  of  alkali  at  the  surface.  This 
fortunate  arrangement  is  favorable  to  the  sanitary  conditions,  particu- 
larly as  the  water  supply  is  brought  from  a  distance. 

Other  areas  of  transported  soil  similar  to  that  at  Clarkston  occur 
on  the  opposite  side  of  Snake  River  and  form  the  surface  of  the  plateau 
on  which  the  newer  or  upper  portion  of  Lewiston  is  situated.  Fine 
sections  of  flood-plain  deposits  are  exposed  in  the  margins  of  thi-s 
plateau,  especially  where  grades  have  been  made  along  the  streets 
connecting  the  upper  with  the  lower  portions  of  the  city.  Similar 
deposits  occur  near  Alpowa,  also  in  the  canyon  of  Salmon  River,  near 
its  mouth,  and,  of  limited  extent,  along  the  borders  of  many  small 
streams  or  where  such  streams  enter  the  large  canyons. 

In  connection  with  the  examples  of  soils  just  cited,  in  which  mate- 
rial has  been  brought  from  a  distance,  reference  will  be  made  to  at 
least  one  somewhat  conspicuous  instance  of  wind  transportation. 
Snake  River  just  above  Lewiston  deposits  on  its  right  bank  a  consid- 
erable quantity  of  fine,  white,  micaceous  sand  or- silt*  During  low- 
water  stages  this  material  is  exposed  to  the  air,  becomes  dry,  and  is 
blown  eastward  by  the  prevailing  winds.  It  is  carried  up  the  canyon 
wall,  which  there  is  low,  over  the  sloping  margin  of  the  Lewiston 
Plateau  for  a  distance  of  2  or  3  miles,  and  is  deposited  largely  iu 
dunes,  although  much  of  it  is  widely  distributed. 

Some  movement  of  the  surface  of  the  soil  on  even  the  generally  lev<*l 
plateaus  must  result  from  the  action  of  the  wind,  but  in  a  state  of 
nature,  when  the  present  extensive  grain  fields  were  prairies,  the  soil 
was  held  by  plant  roots  and  was  sheltered  by  the  vegetation  growing 

I  Many  of  the  sand  bars  along  the  borders  of  the  larger  ntreams  in  the  Nez  Perc«  region  are  of  aa 
exceptional  character.  The  banks  of  the  rivers  are,  as  a  rule,  precipitous,  so  that  gravel  and  ^m! 
can  not  be  rolled  along  them  under  the  Influence  of  the  current,  but  exceedingly  find  sand,  jwuii*"!- 
larly  flakes  of  mica,  are  carried  in  suNpension  by  the  swift  water,  and  are  deposited  in  eddies  whr-n 
the  force  of  the  current  is  slackened.  Conspicuous  bars  or  spits  of  white  sand  or  silt  Hre  in  certair. 
instances  formed  in  this  manner,  and  are  attached  to  the  shore  at  their  downstream  extreiniiit-^ 
while  their  upper  and  usually  rounded  distal  ends  are  free  and  are  surrounded  by  water  sseversj 
feet  deep.  The  explanation  of  the  origin  of  these  peculiar  bars  is  that  the  fine  material  of  whii  b 
they  are  composed  w»is  brought  down  the  streams  in  suspension  by  the  strong  central  current.  ar-J 
when  a  iwrtion  of  the  water  was  deflected  by  changes  in  the  direction  of  the  shore  line,  an  eddy  w*-' 
produced  in  which  the  water  flowed  upstream  along  the  side  of  the  channel.  When  the  currvn* 
slackened,  on  being  deflected  in  this  manner,  the  material  in  suspension  was  deposited  and  8hapi-<i 
into  a  bar  or  spit,  with  curved  margins,  the  free  end  pointing  upstream.  A  pliotograph  of  c^nf-xi 
these  spits  of  flue,  white,  micaceoiLs  silt  is  reproduced  as  PI.  VI,  A. 

The  fineness  and  lightness  of  the  silt  forming  these  bars  and  the  fact  that  it  can  be  tranKportt-d  tr 
suspension  may  V)e  demonstrated  by  pushing  a  mass  of  it  into  the  water  and  observing  that  a  coiim-I- 
crable  iwrtion  of  it  will  float,  often  being  carried  a  long  distance  by  even  a  gentle  current  befun- 1* 
finally  sinks.  Under  natural  conditions  the  bars  are  sometimes  cut  away  during  low-water  stA^- 
and  floating  silt  can  be  s*»en  extending  from  them  in  all  directions  on  its  way  down  the  sEtreas 
The  material  will  float,  however,  only  when  its  upper  surface  is  dry,  and  in  that  condition  it  is^  i-*- 
haps  buoyed  up  by  air  vesicles;  but  when  wet  it  settles  slowly,  and  in  a  rapid  stream  it  vriU  bt*  *-n^ 
ried  long  distances  before  finding  a  place  sheltered  from  the  current  in  which  it  can  rest. 
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on  them,  so  that  the  transfer,  through  this  agency,  of  material  from 
one  locality  to  another  must  have  been  small  in  amount.  At  present, 
when  so  much  of  the  iine  soil  is  plowed  and  left  for  a  season  without 
being  sown,  and  roads  have  been  established,  great  quantities  of  dust 
are  carried  in  the  air  during  the  summer  season. 

SUMMABY. 

The  deep  soils  and  subsoils  on  the  lava  plateaus  and  also  on  the  ter- 
races formed  by  the  projection  of  resistant  layers  in  canyon  walls 
where  they  are  bordered  by  the  Columbia  River  lava,  have  resulted 
from  the  disintegration  and  decay  of  the  lava  rock,  and  remain  in  their 
original  positions  or  have  been  removed  but  short  distances  through 
the  influence  of  beating  rain,  changes  of  temperature,  the  pull  of 
gravity,  etc.  This  widely  extended  surface  sheet  of  decomposed  rock 
furnishes  a  typical  illustration  of  residual  soil.  While  it  has  been 
formed  principally  from  the  lava  rock,  it  contains  some  volcanic  dust 
which  was  deposited  on  it  and  has  been  incoi-porated  in  it.  This  dust 
is  richer  in  potash  and  soda  than  is  the  lava  rock,  and  serves  as  a  fer- 
tilizer. On  the  walls  of  canyons  where  terraces  occur,  and,  what  is 
equally  common,  where  landslides  have  found  terrace-like  shelves, 
frequently  with  undrained  basins  on  their  surfaces,  there  is  in  many 
cases  an  admixture  of  volcanic  dust,  lapilli,  gravel,  sand,  clay,  etc., 
derived  from  lavers  of  these  substances  which  are  interbedded  with 
the  lava  sheets  through  which  the  canyons  have  been  excavated.  In  a 
more  critical  classification  than  is  here  attempted  these  soils  might  be 
considered  by  themselves  as  representing  colluvial  deposits. 

The  soils  on  the  foothills  of  the  Bitterroot  Mountains,  and  generally 
throughout  the  mountains  as  well  as  on  the  steptoes  rising  through 
the  Columbia  River  lava,  are  also  of  sedentary  origin,  and  have  resulted 
from  the  disintegfrotion  and  decav  of  the  rocks  on  which  thev  rest. 
The  rocks  forming  these  uplands  yield  to  the  influences  of  the  atmos- 
phere less  readily  than  does  the  basalt  of  the  adjacent  plateaus,  and  fur- 
nish a  soil  that  is  less  homogeneous  and  less  thoroughly  disintegrated. 

No  soils  of  glacial  origin  occur  in  the  region  represented  on  the  map 
forming  PL  II.  Transported  soils  occur  in  areas  of  limited  extent 
along  the  rivers,  and  are  principally  the  dei>osits  of  the  rivers  in  recent 
times,  although  a  few  remnants  of  ancient  flood  plains  still  remain. 

PHYSIOGRAPHY. 

RELATION  OF  SURFACE   RELIEF  TO  GEOLOGIC    STRUCTURE  AND 

CLIMATE. 

As  Ls  well  understood,  the  present  diversity  in  the  relief  of  all  land 
areas  is  in  the  main  the  net  result  of  two  series  of  changes,  or  of  the 
action  of  two  agencies  which  are  in  opposition  to  each  other.  One  of 
these  embraces  the  movements  in  the  earth's  cinst  by  which  ro<*ks  ar^ 
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raised  above  sea  level,  or,  if  originally  above  that  horizon,  are  folded, 
tilted,  etc. ;  while  the  other  includes  the  denuding  action  of  the  atmos- 
phere and  of  water,  and  has  for  its  object,  so  to  speak,  the  carving 
away  of  all  land  areas  to  sea  level.  In  countries  where  the  rainfall  is 
small  the  changes  in  relief  produced  by  upheaval,  or,  more  definitely, 
the  surface  irregularities  resulting  from  the  folding  and  breaking 
(faulting)  of  the  rocks  and  the  tilting  of  areas  of  greater  or  less  size 
bounded  by  folds  or  faults,  remain  prominent  for  a  long  period  of  time, 
and  frequently  f  urnLsh  the  most  conspicuous  features  in  the  topography ; 
while  in  humid  lands,  particularly  where  the  climate  is  warm  as  well 
as  humid  and  vegetation  is  luxuriant,  rock  deca}'  is  rapid,  and  the 
most  conspicuous  features  in  the  relief  of  the  land  are  likely  to  be 
such  as  result  from  denudation.  Between  these  two  extremes  there 
are  all  degrees  of  gradation. 

In  the  Nez  Perce  region  the  rainfall,  as  already  stated,  is  small,  but 
streams  rising  in  the  mountains  to  the  eastward,  where  precipitation 
is  heavy,  flow  across  it,  and  conspicuous  features  in  the  relief  are  due 
both  to  movements  in  the  underlying  rocks  and  to  stream  erosion. 
For  these  reasons  a  knowledge  of  the  structure  of  the  rocks  and  of 
the  manner  in  which  streams  have  excavated  channels  in  them  is  essen- 
tial in  order  to  understand  the  significance  of  the  larger  topographic 
features  of  the  surface  as  it  exists  to-day.  In  fact,  nearly  the  entire 
history  of  a  region  needs  to  ])e  considered  in  order  to  be  able  fuUj  to 
interpret  its  present  relief. 

ORIGINAL  LAVA  PLATEAU. 

So  far  as  the  Nez  Perce  region  is  concerned,  there  seems  to  have 
been  no  conspicuous  movements  in  the  earth's  crust  during  the  time 
the  Columbia  River  lava  was  being  poured  out.  In  other  word^*,  so 
far  as  known  there  are  no  unconfonnities  in  the  lava  sheets  due  to 
movements  in  one  portion  before  the  next  succeeding  sheet  was  spread 
out  above  it,  although  time  intervals  between  sucx^essive  sheets  are  in 
some  instances  recorded  by  sedimentary  and  other  deposits.  The 
edges  of  the  lava  sheets  exposed  in  canyon  walls  are  always  essentially 
parallel  with  one  another.^ 

A  starting  point  in  the  study  of  the  present  relief  is  thus  furnished 
by  the  condition  of  the  surface  at  the  time  the  last  sheet  of  lava  wa.^ 
spread  over  it.  At  the  time  referred  to  Nez  Perce  County  and  the  coun- 
try adjacent  to  the  foothills  of  the  Bitterroot  Mountains  was  a  feature- 
less plain,  diversified  only  by  a  few  island-like  peaks  that  rose  through 
the  lava.  This  plain,  we  are  justified  in  assuming,  was  similar  to  the 
surfaces  of  many  lava  sheets  of  recent  date  which  have  been  studied, 
and  presented  a  rough  and  moderately  uneven  expanse  of  black.,  sco- 

1  An  exception  to  this  statement  will  perhaps  be  found  in  the  northwestern  portion  of  the  ClArks»ii.«n 
Plateau  and  in  the  region  drained  by  Alpowa  Greek. 
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riaceous,  slag-like  rock.  That  it  was  absolutely  level  is  not  to  be  sup- 
posed, since  lava  sheets  may  continue  to  flow  after  their  surfaces  have 
cooled  and  hardened,  and  the  surface  crust  is  frequently  broken  and 
perhaps  forced  up  into  ridges  and  hillocks.  In  a  thick  lava  sheet  shrink- 
age occurs  after  its  surface  has  hai'dened,  and  the  surface  is  deformed 
and  frequently  forced  up  into  ridges  or  dome-like  forms  which  crack 
open  along  their  tops.  For  these  and  other  reasons  it  is  to  be  presumed 
that  while  the  surface  of  the  last  sheet  of  Columbia  River  lava  formed 
a  plain  without  conspicuous  inequalities,  it  wius  far  from  being  smooth 
and  even. 

If  we  knew  the  elevation  of  the  surface  of  the  last  sheet  of  lava  as 
it  existed  before  being  defonned  by  movement  in  the  earth's  crust, 
much  assistance  would  be  gained  in  tracing  the  history  of  the  present 
highly  diversified  topography.  While  a  definite  answer  to  this  ques- 
tion can  not  at  present  be  given,  certain  facts  enable  one  to  reach  an 
approximate  determination  as  to  the  original  level  of  the  lava  plateau. 

As  already  explained,  the  Columbia  River  lava  was  poured  out  in  a 
molten  condition,  in  a  series  of  vast  inundations,  over  a  deeply  eroded 
land  surface.  The  contact  of  the  lava  with  the  formations  on  which  it 
rests  is  always  unconformable,  and  between  the  two  there  are  no  mas- 
sive sediments.  As  the  pile  of  lava  sheetij  is  in  places  more  than  4,000 
feet  thick,  it  follows  that  the  last  sheet  spread  out  must  have  had  at 
least  that  elevation  above  the  sea,  unless  the  old  land  surface,  like  the 
region  about  the  Dead  Sea  and  the  bottom  of  Death  Valley  at  the  pre- 
sent day,  was  below  sea  level,  which  is  improbable.  The  only  other 
escape  from  the  conclusion  just  stated  seems  to  be  that  movements  pro- 
ducing a  depression  occurred  during  the  time  the  lava  sheets  were  being 
formed.  If  such  a  downward  movement  did  occur,  it  was  evidently 
not  sufficient  to  carry  the  surface  below  sea  level,  for  no  marine  sedi- 
ments have  been  discovered  between  the  lava  sheets.  Unconformities 
due  to  a  folding  or  tilting  of  the  earlier  formed  lava  sheets  before  the 
succeeding  sheets  were  spread  out  have  not  been  discovered  in  the 
eastern  portion  of  the  formation  under  consideration,  although  such 
unconformities  are  known  in  the  Cascade  region.  Whether  the  move- 
ments which  caused  the  unconformity  referred  to  influenced  the  east- 
em  portion  of  the  lava  sheets  can  not  at  present  be  definitely  stated. 

From  these  considerations  it  might  reasonably  be  expected  that  since 
the  lava  sheets  in  eastern  Washington  and  Oregon  and  the  adjacent 
portion  of  Idaho  are  still  horizontal,  the  surface  of  the  plateaus  thus 
formed  should  have  an  elevation  of  at  least  4,000  feet  above  the  sea. 
Instead,  however,  we  find  in  numerous  instances  that  the  general 
elevation  of  the  plateaus  underlain  by  essentially  horizontal  lava  sheets 
is  between  3,000  and  3,300  feet.  This  difference,  approximately  1,000 
feet,  between  the  present  elevation  of  the  locally  undisturbed  plateaus 
and  what  is  assumed   to  have  been  their  original  position    can  be 
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ascribed  in  part,  perhaps,  to  erosion,  but  the  amount  of  erosion  is 
certainly  small,  and  in  places,  as  will  be  shown  further  on,  it  is  nil,  for 
the  reason  that  portions  of  the  scoriaceous  surface  of  the  last  lava 
sheet  have  been  protected  by  sedimentary  beds  laid  down  upon  it,  and 
these  portions  of  the  lava  sheet  have  essentially  the  same  elevation  as 
the  deeply  weathered  portions  of  the  same  sheet.  A  warrantable  infer- 
ence seems  to  be  that  there  has  been  a  general  subsidence  of  the  east- 
tern  portion  of  the  Columbia  River  lava  region  referred  to  of  at  least 
1,000  feet,  which  did  not  disturb  the  horizontality  of  the  strata.  This 
subsidence  may  have  gone  on  during  the  time  the  lava  was  being 
extruded,  or  may  have  occurred  in  part  or  wholly  since  the  last  sheet 
of  lava  was  spread  out.^ 

LEADING    FEATURES    IN    THE    RELIEF    DUE    TO    MOVEMENTS    IN 

THE  EARTH^S  CRUST. 

Whatever  may  have  been  the  amount  of  the  broad  regional  move- 
ments in  the  Nez  Perce  region,  the  fact  that  large  areas  have  not  been 
deformed  but  still  remain  essentially  level  and  are  underlain  by  hori- 
zontally bedded  lava  sheets,  permits  of  reaching  interesting  conclusions 

1  The  r^on  occupied  by  the  Columbia  River  lava  is  of  special  interest  in  reference  to  the  study  of 
the  manner  in  which  the  earth's  crust  has  been  deformed,  as  it  is  unique  and  exceptional  in  the  ^eo^ 
logic  history  of  North  America.    At  the  close  of  the  eruptions  which  furnished  the  lava  there 
existed  in  that  region  an  essentially  horizontal  plateau  200,000  square  miles  or  more  in  area,  which 
in  itself  is  exceptional  in  the  history  of  topographic  forms;  but  more  than  this,  the  plateau  was 
produced  by  the  outpouring  of  lava,  and  was  built  up,  layer  by  layer,  on  a  land  surface.    The  plateau 
has  since  been  variously  deformed,  but  mostlyln  a  broad  way,  and  the  nature  of  the  movements  can 
readily  be  determined.    Moreover,  the  region  is  usually  bare  of  trees,  and  the  changes  that  have 
been  made  by  erosion  are  sharply  defined  and  easy  to  separate  from  those  resulting  from  movements 
in  the  rocks.    In  the  studies  of  isostosy  and  diastrophism  that  may  be  carried  on  there,  the  influence 
of  the  vast  weight  of  the  lava  poured  out  at  the  surface,  and  also  the  withdrawal  of  a  comsiponding 
volume  of  liquid  rock  from  beneath  the  surface,  demand  attention.    The  importance  of  the  field  as 
furnishing  a  test  of  isostasy  is  shown  by  the  fact  that  the  volume  of  the  Columbia  River  lava  i^i  in 
the  neighborhood  of  50,000  to  60,000  cubic  miles;  its  weight  Is  about  160  pounds  to  the  cubic  foot; 
where  the  lava  is  4,000  feet  thick  the  pressure  on  the  underlying  rocks  is  in  the  neighborhood  off  320 
tons  to  the  square  foot.    It  is  reasonable  to  suppose  that  the  effect  of  the  extrusion  of  so  vast  a  vol- 
ume of  lava  would  be  to  cause  a  regional  depression  of  the  earth's  crust    That  this  result  was  pro- 
duced is  shown  by  the  fact  that  over  the  central  part  of  the  lava-covered  country  in  Oregon  and 
Washington  the  surface  is  now  but  a  few  hundred  feet  above  sea  level.    At  Pasco,  Washington,  the 
elevation  is  386  feet,  and  over  a  large  area  of  the  surrounding  lava  plain  the  elevation  is  certainly 
less  than  500  feet.    The  subsidence  that  has  occurred  in  this  region  is  not  less  than  8,500  feet,  and 
probably  exceeds  that  measure  by  at  least  1,000  feet.    This  downward  movement  began,  perhaps,  at 
an  early  stage  in  the  extrusion  of  the  lava,  and  continued  during  the  time  the  successive  sheets  were 
being  spread  out;  but  a  part  of  the  deformation  which  the  lava  has  experienced,  and  possibly  a  part 
of  the  general  subsidence  of  the  central  portion,  has  occurred  since  the  6xtrusi6n  of  the  last  lava 
sheet.    Other  portions  of  the  lava  formation,  of  even  greater  extent  than  the  central  depressed 
region,  have  been  upraised.    In  the  Cascade  Mountains  the  lava  sheets,  with  a  gentle  eastward  dip 
toward  the  depressed  region,  which  includes  the  Great  Plains  of  the  Columbia,  have  an  elevatif>n  of 
from  7,000  to  7,500  feet.    The  lava  plateaus  in  eastern  Oregon  have  an  elevation  of  from  5,000  to  7,0nn 
feet  (Lindgren),  and  the  general  inclination  of  the  beds,  as  in  eastern  Washington,  is  westward 
Thus  portions  of  both  the  eastern  and  western  border  of  the  lava-covered  country  have  been  Tai?««i 
from  3,000  to  8,500  feet,  and  the  central  part  has  been  depressed  by  about  the  same  amount  from  what 
would  have  been  the  surface  level  of  the  lava-covered  country  in  case  there  was  no  subsidence  durini? 
the  extrusion  of  the  lava.    These  movements  have  been  in  large  part  of  the  nature  of  a  tilting  nf 
brood  blocks  of  the  lava,  bounded  by  monocllnal  folds  and  faults. 

While  the  foregoing  statements  serve  to  indicate  the  general  nature  of  the  problems  presented  by 
the  Columbia  River  lava,  a  detailed  study  will  probably  show  that  there  have  been  extensive  move- 
ments in  the  rocks  during  the  time  the  lava  was  being  poured  out.  For  example,  as  has  been  shown 
by  George  Otis  Smith,  on  the  east  side  of  the  Cascade  Mountains  near  Clealum,  there  is  a  Btron^cly 
pronounced  unconformity  between  a  lower  and  an  upper  member  of  the  lava  formation,  whirh 
proves  that  the  lower  portion  of  the  pile  of  lava  sheets)  was  sharply  folded  and  deeply  eroded  bciore 
the  nearly  horizontal  and  later  sheets  were  poured  out. 
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in  reference  to  the  movements  that  have  affected  adjacent  areas  where 
the  strata  are  no  longer  horizontal.  About  the  foothills  of  the  Bitter- 
root  Mountains  there  are  many  small  valleys  which  still  retain  the 
level  floors  given  them  by  the  last  inundation  of  Columbia  River  lava. 
These  floors  are  horizontal,  and  beneath  their  coverings  of  alluvium 
their  scoriaceous  surfaces  are  to  be  seen.  In  several  such  instances 
the  elevation  of  the  lava  surface  is,  by  aneroid  measurement,  about 
3,0()0  feet  above  the  sea.  This  is  also  the  general  elevation  of  the 
Uniontown  Plateau,  to  the  north  of  Lewiston,  beneath  which  the  lava 
sheets  are  horizontal.  The  Uniontown  Plateau,  although  its  bounda- 
ries, except  on  the  south,  have  not  been  defined,  is  certainly  several 
hundred  square  miles  in  area,  and  extends,  without  any  perceptible 
structural  change  in  the  rocks,  eastward  to  the  foothills  of  the  Bitter- 
root  Mountains,  and  on  the  northwest  is  believed  to  merge,  without 
any  conspicuous  change,  into  the  still  more  extensive  region  of  similar 
character  known  as  the  Palouse  country,  where  the  lava  sheets  are  also 
horizontal,  or  possibly  have  a  slight  dip  to  the  westward,  and  where 
the  general  surface  elevation  is  also  about  3,000  feet.  This  extensive 
region  of  essentially  horizontal  lava  sheets  has  evidently  not  under- 
gone local  deformation;  and  where  adjacent  areas  beneath  which  the 
strata  are  inclined  are  below  its  level,  it  seems  safe  to  conclude  that 
they  have  been  depressed;  and  where  similar  areas  stand  above  the 
assumed  datum  plane,  the  conclusion  is  that  they  have  been  locally 
upi-aised.  More  definite  reasons  for  assuming  that  the  Uniontown 
Plateau  may  be  taken  as  a  datum  plane  for  determining  the  amount  of 
differential  movements  that  has  taken  place  in  the  adjacent  plateaus, 
will,  the  writer  thinks,  be  recognized  in  the  somewhat  detailed  record 
of  facts  which  follows. 

The  lava-covered  portion  of  the  region  represented  on  the  map 
forming  PI.  II  is  divided  naturally  into  six  more  or  less  well-defined 
areas  of  primary  rank,  which,  when  inclined,  illustrate  the  nature  of 
the  movements  which  have  affected  the  rocks  beneiith  them.  These 
areas  are  the  Uniontown  Plateau  and  the  Camas  and  Kaniiah  pi-airies, 
l>eneath  which  the  lava  beds  are  horizontal,  and  the  Blue  Hills,  the 
Lewiston  and  Clarkston  plateaus,  and  Craig  Mountain,  beneath  which 
the  lava  beds  are  inclined. 

Uniantmcn  Plateau, — Rising  from  the  north  or  right  l)ank  of  Clear- 
water River,  throughout  the  lower  25  or  30  miles  of  its  course  and 
continuing  westward  beyond  Lewiston,  is  a  bold  escarpment  which  in 
its  central  part  has  a  height  of  about  2,000  feet.  This  is  one  of  the 
most  pronounced  topographic  features  in  Nez  Perce  County,  and 
although  in  some  respects  it  resembles  the  walls  of  the  deeper  portions 
of  several  of  the  great  canyons  in  the  same  region,  it  is  plainly  of  a 
different  nature  and  origin.  For  example,  there  is  but  one  escarpment, 
not  two  facing  each  other,  as  in  the  case  of  a  canyon,  except  in  a 
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minor  way,  as  will  be  explained  later.  Then,  too,  the  strata  in  the 
Clearwater  escaipment,  as  it  in  convenient  to  term  it,  are  for  the  most 
part  not  the  edges  of  horizontal  strata,  as  is  commonly  the  case  in 
the  neighboring  canyon  walls,  but  are  formed  of  inclined  beds  which 
dip  southward.  In  the  central  and  highest  portion  of  the  escarpment 
this  southward  dip  is  at  a  high  angle,  frequently  40  or  50  degrees,  but 
near  its  extremities  the  inclination  is  more  gentle.  On  climbing  the 
escarpment  it  will  be  found  to  be  the  border  of  the  nearly  level  Union- 
town  Plateau. 

At  the  base  of  the  Clearwater  esca-rpment,  and  in  general  about  l,5(Ki 
feet  lower,  are  the  Clarkston  and  Lewiston  plateaus,  described  further 
on.  The  lava  sheets,  and  certain  sedimentary  beds  interstratified  with 
them,  which  underlie  the  Uniontown  Plateau,  are  horizontal,  or  essen- 
tially so;  but  in  the  Clearwater  escarpment  they  bend  abruptly  down- 
ward, and  at  its  base  they  flatten  out  beneath  the  Clarkston  and  Lewiston 
plateaus — that  is,  the  escarpment  is  a  monoclinal  fold,  which  begins  at 
the  east,  in  the  neighborhood  of  Agatha,  as  a  gentle  flexure,  and 
increases  both  in  height  and  in  the  inclination  of  the  layers  as  one  fol- 
lows it  westward,  until  near  Lewiston  its  height  is  about  2,000  feet 
and  the  dip  of  the  beds  from  40  to  50  degrees.     Still  farther  west,  along 
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Fig.  1.— North-south  section  through  the  Uniontown  Plateau,  Clean^'ater  escarpment,  and  L^^wistoQ 

Plateau. 

the  north  side  of  Snake  River  for  3  or  4  miles  below  Lewiston,  the  fold 
becomes  a  break  or  fault.  How  this  fault  terminates  at  the  west  i> 
not  known,  but  such  facts  as  are  in  hand  suggest  that  near  Alpowa  it 
passes  again  into  a  fold,  which  continues  westward  along  the  creek  of 
the  same  name.  The  entire  length  of  the  fold,  including  the  2  or  3 
miles  where  it  is  broken,  is  about  60  miles. 

A  peculiar  and  interesting  fact  in  connection  with  the  monoclinal 
fold  just  described  is  that  Clearwater  River  flows  directly  along  it  for 
a  distance  of  about  36  miles,  and  has  excavated*  a  canyon  in  it.  The 
relation  of  the  river  to  the  fold  is  illustrated  in  fig.  1,  which  may  he 
considered  a  generalized  north-south  section  about  6  miles  east  of 
Lewiston. 

At  the  locality  referred  to,  and  for  a  distance  of  about  10  mile? 
upstream,  the  southward  dip  of  the  rocks  fonning  the  south  side  of 
Clearwater  Valley  is  well  shown.     Again,  to  the  west  of  Lewiston 
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Snake  River  enters  this  same  monoolinal  fold  where  it  changes  to  a 
fault,  and,  bending  westward  at  almost  a  right  angle,  continues  in 
nearly  the  same  course  that  the  Clearwater  has  in  the  portion  referred 
to  above.  From  the  abrupt  bend  made  by  Snake  River  just  below 
Lcwiston  to  the  equally  sharp  curve  made  at  Alpowa,  the  river  flows 
along  the  monoi*linal  fold,  in  part  a  fault,  which  unites  the  Uniontown 
Plateau  with  the  Clarkston  Plateau.  On  the  south  side  of  Snake 
River  tetween  Lewiston  and  Alpowa,  the  southward  dipping  rocks 
fonn  a  conspicuous  precipice  facing  north,  in  which  a  layer  of  colum- 
nar basalt  is  well  exposed.  The  southward  dip  referred  to  ma}"  readily 
be  seen  from  any  commanding  point  near  Lewiston.  A  north-south 
section  midway  between  Lewiston  and  Alpowa  would  be  similar  to  the 
one  shown  in  fig.  1,  but  the  southward  dip  on  the  south  side  of  the 
river  would  be  more  pronounced. 

The  Uniontown  Plateau  is  underlain  all  along  its  southern  border, 
and  apparently  throughout  practically  its  entire  area,  by  horizontal 
sheets  of  basalt,  which  include  at  least  one  important  bed  of  clay,  sand, 
and  gravel,  at  a  depth  of  about  160  feet  below  the  surface.  The 
plateau  is  undulating,  owing  to  stream  erosion,  as  will  be  discussed 
further  on,  and  at  several  localities  on  its  southern  border  deep  notches 
have  been  cut  by  streams  flowing  into  Clearwater  River. 

Clarkston  and  Leioiston  plateaus, — The  country  to  the  south  of  the 
Clearwater  escarpment  in  the  vicinity  of  Lewiston  and  Clarkston  has 
been  depressed  about  2,000  feet  below  the  level  of  the  Uniontown 
Plateau,  and  the  strata  beneath  it  are  inclined  downward  toward  the 
north.  This  inclination  is  slight,  however,  but  it  affects  the  rocks  for  a 
distance  of  about  20  miles,  so  that  its  influence  becomes  conspicuous  in 
the  larger  features  of  the  surface  relief.  As  the  displacement  producing 
the  escarpment  referred  to  dies  out  to  both  the  east  and  the  west,  there 
is  also  an  inclination  of  the  beds  beneath  the  sunken  area  and  adjacent 
to  the  base  of  the  Clearwater  escarpment  toward  the  center,  where  the 
movement  was  greatest.  This  center  is  at  Lewiston-Clarkston,  but  the 
dip  of  the  beds  is  too  slight  to  be  observed  in  rock  outcrops,  being 
only  about  1,50>»  feet  in  a  distance  of  20  miles,  although  it  is  apparent 
in  the  surface  si  >pes  of  the  country'. 

Thus,  the  region  to  the  south  of  the  Clearwater  escarpment  has  the 
form  of  a  trough,  with  the  axis  running  about  north  and  south.  This 
axis  determined  the  general  coui-se  taken  b}^  Snake  River  from  the 
mouth  of  Grande  Ronde  River  to  Lewiston-Clarkston.  Other  move- 
ments also  have  affected  the  region.  The  rocks  to  the  west  of  Snake 
River  have  a  gentle  inclination  toward  Lewiston-Clarkston  over  the 
broad  area  which  is  cut  by  the  canyons  of  the  various  branches  of 
Asotin  Creek.  This  nearly  level  but  deeply  dissected  country  has 
been  termed  the  Clarkston  Plateau.  The  town  for  which  it  is  named, 
however,  is  in  the  canyon  of  Snake  River,  about  600  feet  below  the 
general  surface  of  the  plateau. 
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On  crossing  the  Clarkston  Plateau  from  its  eastern  border  along 
Snake  River  toward  the  southwest,  the  surface  continues  to  rise  until 
the  plateau  merges  into  the  large  dome-shaped  uplift  known  as  the 
Blue  Hills.  In  this  uplift  the  lava  beds  are  carried  about  2,(X)0  feet 
higher  than  the  surface  of  the  Union  town  Plateau^  showing  that  there 
has  l)een  a  local  uplifting  of  the  lava  sheets  above  their  original  posi- 
.tion. 

The  country  to  the  east  of  Snake  River,  for  a  distance  of  about  1.5 
miles  above  Lewiston,  has  a  gentle  inclination  toward  that  city,  but 
it  is  roughened  by  stream  erosion.  This  plateau,  which  has  been 
termed  the  Lewiston  Plateau,  when  crossed  in  a  direction  southeast 
from  the  town  for  which  it  is  named,  rises  gently  until  the  base  of 
Craig  Mountain  is  reached,  where  there  is  a  steep  ascent.  The  strata 
beneath  the  plateau  correspond  in  dip  with  the  surface  slope  of  the 
broad  areas  between  the  stream-cut  canyons,  and  at  the  border  of  Craig 
Mountain  they  are  bent  sharply  upward.  The  latter  mountain  is 
formed  by  a  monoclinal  fold  similar  to  the  larger  fold  which  deter- 
mines the  south  border  of  the  Uniontown  Plateau,  as  will  be  described 
more  fully  further  on. 
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Fig.  2.— Section  through  the  Lewiston  and  Clarkfiton  plateaus. 

The  Clarkston  and  Lewiston  plateaus  are  in  reality  a  single  topo- 
graphic feature,  but  it  is  convenient  to  give  them  separate  considera- 
tion, on  account  of  the  depth  "of  Snake  River  Canyon,  which  has 
been  excavated  along  the  axis  of  the  gentle  north  and  south  trough 
into  which  the  rocks  have  been  bent.  Snake  River,  however,  does  not 
follow  the  axis  of  this  trough  precisely,  but  the  northeastward  sloi>t» 
of  the  rocks  away  from  the  Blue  Hills  extends  east  of  the  canyon,  as 
can  be  seen  in  looking  over  the  region  from  commanding  points  on 
the  hills  near  Waha  (PL  VII),  or  from  the  summit  of  the  Clearwater 
escarpment  near  Lewiston,  and  as  indicated  in  the  section  shown  in 
fig.  2.  In  the  country  on  the  east  side  of  Snake  River  Canyon  oppo- 
site Asotin,  the  axis  of  the  synclinal  trough  formed  by  the  junction 
of  the  strata  which  rise  from  it  to  the  east  and  the  west  lies  about 
2  miles  east  of  the  course  followed  by  the  river. 

It  is  important,  in  reference  to  the  question  of  obtaining  artesian 
water,  to  note  that  the  surface  slope  of  the  broad  remnants  between 
the  streams  which  have  dissected  the  Lewiston  and  Clarkston  plateau^^ 
and  also  the  inclination  of  the  strata  beneath  the  surface,  is  downward 
toward  the  towns  for  which  the  ])ljitoaiis  have  been  named. 
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Bliu>  Jlills. — Included  in  part  in  the  area  represented  on  the  map 
forming  PI.  II  are  the  Blue  Hills,  or  mountains,  as  they  are  frequently 
termed,  of  southeastern  Washington.  This  uplift  was  visited  during 
the  reconnaissance  which  forms  the  basis  of  this  report,  but  the 
observations  made  give  little  information  in  addition  to  that  contained 
in  a  previous  publication.' 

The  Blue  Hills  have  been  elevated  since  the  Columbia  River  lava  of 
which  they  are  composed  was  spread  out  in  horizontal  sheets.     The 
uplift  is  of  the  nature  of  a  broad,  low  dome,  which  attains  an  elevation 
of .al)out  5,000  feet  above  the  sea,  or  2,000  feet  above  the  level  of  the 
Uniontown  Plateau.    The  sti*ata  which  underlie  the  Clarkston  Plateau, 
as  has  already  been  stated,  rise  gently  toward  the  southwest,  and  pass, 
by  insensible  gradations,  into  the  more  steeply  inclined  portions  of 
the  same  beds  which  have  been  elevated  to  form  the  Blue  Hills.     The 
differential  movement  which  the  once  horizontal  beds  have  experienced 
between  Clarkston  and  the  summit  of  the  Blue  Hills  is  about  4,000 
feet.     This  change  occurs  in  a  distance,  in  a  dirc(^t  line,  of  25  miles, 
but  the  upward  movement  at  the  southwest  was  sharper  than  the 
downward  movement  at  the  northeast.     The  strata  involved  in  the 
Blue  Hills  uplift  are  inclined  away  from  its  summit  portion  in  all 
directions,  in  essentially  the  same  way  that  the}'  are  inclined  to  the 
northeast,  where  they  pass  into  the  Clarkston  Plateau,  but  they  dip 
somewhat  more  steeply  on  the  south  side  than  in  other  directions. 
The  passage  from  the  surrounding  plateaus  into  the  dome  is  so  gentle 
that  the  eye  can  not  distinguish  where  the  change  begins,  but,  in  gen- 
eral terms,  the  uplift  may  be  said  to  be  from  50  to  60  miles  in  diameter 
from  east  to  west,  and  to  measure  from  30  to  40  miles  along  its  north- 
south  axis.     On  the  summit  of  the  uplift  the  strata  are  so  nearly  hori- 
zontal that  it  is  impracticable  to  measure  their  inclination,  and  on  its 
sides  the  dip  is  seldom  more  than  2  or  3  degrees.     If  the  uplift  had 
not  been  eroded  it  would  appear  as  a  smooth  dome,  low  in  comj)arison 
with  its  width,  but  streams  have  sculptured  it  in  a  conspicuous  manner, 
and  its  slopes  are  now  trenched  by  deep  canyons.     The  greatest  change 
produced  by  erosion  is  on  the  south  side,  where  Grande  Ronde  River 
has  excavated  a  canyon  comparable  in  grandeur  with  the  finest  portions 
of  the  neighboring  Snake  River  Canyon. 

Oraig  Mmmtain. — This  name,  although  used  somewhat  indefinitely 
by  the  inhabitants  of  the  Nez  Perce  region,  will  be  considered  as 
designating  an  elevation  which  extends  in  a  northeast-southwest 
direction  across  the  west-central  portion  of  Nez  Perce  County,  from 
the  border  of  Snake  River  Canyon  near  Waha  to  the  vicinity  of 
Willola  on  Clearwater  River.  Viewed  from  the  vicinity  of  Lewistoii, 
the  uplift  appears  to  be  a  long,  even-topped  ridge,  which  begins  at  the 
northeast  as  a  gentle  swell  and  becomes  higher  and  more  precipitous 
as  the  eye  follows  it  toward  the  southwest.     On  visiting  the  mountain, 
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one  finds  it  to  be  the  upraised  border  of  a  broad  plateau  which  is 
inclined  to  the  southeast,  but  which  soon  flattens  and  forms  the  Camai? 
and  Kamiah  pmiries. 

The  northwest  border  of  Ci*aig  Mountain  is  an  escarpment  of  the 
same  general  character  as  the  one  forming  the  south  border  of  the 
Uniontown  Plateau,  but  it  is  less  pronounced.  It  is  a  monoclinal  fold 
which  unites  the  Lewiston  Plateau  on  the  northeast  with  the  Camai^ 
and  Kamiah  prairies  on  the  southeast.  It  differs  from  the  Clearwater 
escarpment,  principally  in  the  fact  that  the  two  plateaus  which  it  unite.< 
slope  away  from  its  longer  axis  in  each  direction.  A  section  through 
the  Lewiston  Plateau,  Craig  Mountain,  and  Camas  Prairie  would  show 
the  relations  expressed  in  fig.  3. 

Such  a  fold  may,  perhaps,  be  termed  a  gentle  anticline,  but  as  it 
unites  two  broad  plateaus  in  which  the  strata  are  but  gently  inclined, 
it  seems  more  accurate  to  designate  it  a  monocline. 
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Fio.  8.— Section  througrh  Lewiston  Plateau,  Craig  Mountain,  and  Camas  Prairie. 

At  its  northeastern  extremity  the  Craig  Mountain  fold  commencej^ 
as  a  broad,  gentle  swell,  and  from  this  indefinite  beginning  it  increases 
in  height  and  steepness  to  the  southwest  until  in  the  vicinity  of  Waha 
it  is  about  1,000  feet  high  and  probably  passes  into  a  fault.  In  it< 
higher  portion,  overlooking  Snake  River  Canyon,  Craig  Mountain  ha& 
an  elevation  of  nearly  5,000  feet  above  the  sea,  and  is  densely  forest 
covered.  It  is  not  a  smooth  plateau,  but  has  been  trenched  by  stream 
erosion.  The  most  conspicuous  change  thus  produced  is  in  the  ca^eof 
Mission  Creek,  which  has  its  source  well  to  the  southeast  of  the  cres?t 
of  the  uplift,  flows  across  it  in  a  deep  canyon,  and  continues,  to  it-^ 
junction  with  Lapwai  Creek,  in  a  canyon  cut  in  the  Lewiston  Piateao. 

Camus  and  Kawiah  prairies, — To  the  southeast  of  Craig  Mountain 
lie  the  broad  Camas  and  Kamiah  prairies,  beneath  which  the  laj^ersof 
Columbia  River  lava  over  an  extensive  area  are  nearly  horizontal.  Thi^ 
plateau  measures  about  40  miles  in  length  from  northeast  to  southwest, 
and  is  about  26  miles  wide.  The  lava  sheets  beneath  it,  although  hori- 
zontal throughout  nearly  its  entire  extent,  are  bent  upward,  as  already 
stated,  along  its  northwestern  margin,  to  form  the  Craig  Mountain 
monocline.  The  border  of  the  sheets  adjacent  to  the  uplands  of  older 
rock  on  the  south  and  east  are  also  gently  inclined  upward  from  the 
great  central  area.  Whether  the  rocks  in  this  region  form  a  oompleto 
basis  remains  to  be  detennined  by  a  study  of  the  structure  in  tht* 
vicinity  of  Agatha.    There  the  beds  are  nearly  or  quite  horizontal 


BiseKLL.]  PHYSIOGRAPHY.  61 

and  the  Oimai^-Kamiah  Plateau  merjjes  into  the  Uniontown  Plateau^ 
with  little  if  any  line  of  demarcation  between,  except  such  as  has 
resulted  from  erosion.  The  general  elevation  of  the  broad  central  por- 
tion of  this  plateau  is  about  3,000  feet,  and  its  surface  is  deeply 
trenched  bv  various  branches  of  Clearwater  River. 

Summary,— T\iQ  deformation  of  the  Nez  Perce  region  since  the 
outpouring  of  the  Columbia  River  lava  has  been  mainly  in  the  direction 
of  a  tilting  of  the  once  horizontal  lava  sheets  over  broad  areas.  The 
movements  have  been  greatest  along  certain  lines  where  sharp  folds 
have  been  produced  which  at  times  pass  into  faults,  as  the  Clearwater 
and  Craig  escarpments.  The  most  pronounced  change  has  taken  place 
in  the  Blue  Hills,  where  a  dome-shaped  uplift  has  been  raised.  This  so- 
called  dome,  however,  is  steepest  on  its  southern  side,  and  from  another 
point  of  view  may  with  propriety  be  considered  of  the  same  type  as 
the  Craig  Mountain  fold,  but  of  larger  size,  and  without  a  break  in  its 
steeper  side. 

The  class  of  folds  represented  by  the  Blue  Hills  dome,  Craig  Moun- 
tain, and  the  Clearwater  escarpment  may  be  likened  to  waves  and 
swells  on  the  ocean;  some  are  upswellings  with  nearly  circular  bases, 
others  are  elongated  and  have  steep  slopes  on  one  side  of  the  crest  and 
a  gentle  descent  on  the  opposite  side,  while  in  other  instances  the  waves 
break,  as  when  a  monoclinal  fold  passes  into  a  fault.  There  are  also 
basins  between  the  elevations,  and  extending  through  the  waves  and 
troughs  alike  are  the  deformed  layers  of  once  horizontal  lava  sheets. 
The  elevations  and  depressions  are  so  broad  and  the  inclinations  of  the 
strata  in  general  are  so  gentle,  that  the  geologic  terms  in  current  use, 
derived  principally  from  thfe  study  of  sharply  folded  regions,  can  not 
be  applied  to  them  without  conveying  false  impressions.  The  gener- 
alized type  of  the  structural  features  may  be  considered  as  a  mono- 
clinal fold  connecting  two  broad  plateaus  in  which  the  strata  are  either 
horizontal  or  gently  inclined.  The  greatest  departure  from  this  type 
occurs  where  the  fold  approaches  a  dome  in  shape,  or  where  the 
steeper  limb  of  a  monocline  is  broken  and  becomes  a  fault. 

LEADING  FEATURES  IN  THE  RELIEF  DUE  TO  EROSION. 

The  Nez  Perce  region  is  characteristically  a  land  of  deep,  steep-sided 
canyons  with  broad,  generally  level,  remnants  of  the  dissected  plateaus 
between  them.  The  canyons  are  naturally  divided  into  two  classes  in 
reference  to  the  origin  of  the  streams  that  excavated  them:  (1)  Those 
through  which  flow  rivers  the  courses  of  which  were  determined  before 
the  deformation  of  the  original  lava  plateau  occurred,  and  are  therefore 
to  be  classed  as  antecedent  streams;  and  (2)  the  canyons  cut  by  branches 
of  the  master  streams,  which  in  most  instances  had  their  courses  deter- 
mined by  the  slopes  of  the  secondary  plateaus  and  the  monoclinal  folds 
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which  were  produced  by  movements  in  the  earth's  crust,  and  which 
may  therefore  be  termed  consequent  streaToa. 

Magnificent  examples  of  canyons  produced  by  antecedent  streams 
are  furnished  by  Snake,  Salmon,  Clearwater,  and  Grande  Konde  rivers. 
Each  of  these  rivers  flows  through  a  profound  canyon  of  its  own  mak- 
ing, but  the  height  of  the  bordering  walls  varies  from  place  to  place 
in  accordance  with  the  movements  in  the  direction  of  elevation  or 
depression  which  have  affected  the  countiy  it  crosses.  Where  pla- 
teaus or  monoclinal  folds  have  been  boldly  upraised  athwart  the  course 
of  a  stream,  its  bordering  walls  are  high  and  rugged;  and  where  the 
rocks  have  been  depressed  the  work  of  the  stream  has  been  less  to 
establish  a  graded  course  to  the  sea,  and  its  canyon  becomes  corre- 
spondingly shallow.  In  other  words,  the  streams  antedate  the  time 
when  the  plateaus  were  tilted  or  the  monoclinal  folds  and  faults  came 
into  existence,  and  have  maintained  their  right  of  way  as  the  country 
was  deformed.  The  consequent  streams  represented  by  Asotin,  Lap- 
wai,  Tammany,  Lawyers,  and  many  other  creeks  have  had  their  courses 
determined  by  the  slopes  given  to  the  various  secondary  plateaus  into 
which  the  originally  level  lava  sheets  have  been  broken,  and  the  depths 
of  the  canyons  they  have  excavated  have  been  determined  by  the  depths 
of  the  great  canyons  cut  by  the  master  streams  to  which  they  are 
tributary. 

Canyons  of  Snake  River. — The  head  branches  of  Snake  River  ai"e  in 
southeastern  Idaho  and  in  neighboring  portions  of  Wyoming,  including 
the  western  part  of  the  Yellowstone  National  Park.  The  river  at  first 
flows  westward  across  southern  Idaho  for  a  distance  of  about  400  miles. 
It  then  bends  sharply  northward,  and  for  a  distance  of  220  to  250  miles 
it  follows  the  boundary  between  Idaho  and  the  States  of  Oregon  and 
Washington  to  Lewiston,  where  it  again  turns  to  the  westward,  and 
at  Alpowa  makes  still  another  sharp  bend,  where  it  enters  a  steep-sided 
canyon  cut  in  the  Uniontown  Plateau,  and  continues  in  a  canyon  to 
near  its  junction  with  the  Columbia.  The  length  of  the -river  is  in  the 
neighborhood  of  750  miles,  and  the  part  of  its  courae  to  which  atten- 
tion is  here  invited  is  the  northern  portion  of  the  central  or  noilhward- 
flowing  section.  Snake  River  is  characteristically  a  canyon  stresim 
throughout  nearly  ite  entire  length.  The  head  of  its  canyon  is  now  at 
Idaho  Falls,  in  the  southeastern  part  of  Idaho,  where  its  waters  make 
a  plunge  of  about  30  feet  into  a  narrow  trench  in  the  basaltic  rook. 
For  a  hundred  miles  above  this  cascade  the  main  river  and  several  of  it> 
branches  flow  over  the  surface  of  a  vast  lava  flow,  and  instead  of  cor- 
rading  their  channels  they^  are  upgrading  them  by  the  deposition  of 
aHuvium  brought  from  the  mountains.  Below  Idaho  Falls — practically 
all  of  the  way  to  where  it  joins  the  Columbia— the  river  flows  between 
precipitous  walls  from  a  few  hundred  to  4,000,  and  even  6,000,  feet 
deep.     From  30  to  60  miles  south  of  Nez  Perce  County  the  river  flows 
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through  an  unusually  rugged  region  known  as  the  Seven  Devils  and 
Powder  River  (Ekigle  Creek)  mountains,  which  are  about  9,000  feet 
high  and  are  mottled  with  snow  throughout  the  summer.  The  com- 
bined canyon  and  mountain  scenery  is  there  perhaps  the  wildest  and 
gi-andest  in  the  Northwest,  and  rivals  that  of  the  finest  portions  of  the 
justly  celebrated  Grand  Canyon  of  the  Colorado,  except  in  brilliancy 
of  color. 

As  is  indicated  on  the  accompanying  map  (PI.  II),  Snake  River  fol- 
lows the  western  boundary  of  Nez  Perce  County  for  from  40  to  50 
miles.  In  this  portion  of  its  course  it  has  excavated  a  canyon  whic& 
may  be  divided  into  two  well-defined  sections  of  about  equal  length. 
Throughout  the  southern  half  of  its  course  the  river  is  in  the  bottom 
of  a  magnificent  canyon  with  deeply  sculptured  walls  4,000  feet  high 
and  about  15  miles  wide  at  the  top.  The  rim  rock  at  the  Qrest  of 
the  walls  on  each  side  is  formed  by  the  edges  of  a  lava  sheet  which 
immediately  underlies  the  surface  of  Craig  Mountain  and  of  another 
similar  platea\i  in  Oregon.  The  northern  half  of  the  portion  of  the 
canyon  referred  to  is  narrow,  being  perhaps  2  miles  wide  at  the  top, 
and  is  cut  in  nearly  horizontally  bedded  lava  sheets;  the  walls,  which 
are  so  steep  that  they  appear  vertical,  are  about  2,000  feet  in  height. 
This  portion  of  the  canyon  has  been  excavated  approximately  along  the 
axis  of  the  trough  between  the  Clarkston  and  Lewiston  plateaus,  which 
pitches  to  the  northward,  and  the  canyon  walls  decrease  gradually  in 
height  as  the  lowest  portion  of  these  depressed  plateaus  is  approached 
at  Lewi&ton-Clarkston.  The  well-marked  differences  exhibited  by 
these  two  sections  of  the  canyon  are  due  to  the  fact  that  in  the  south- 
ern section  the  rocks  have  been  upraised  and  so  profoundly  dissected 
that  the  granite,  limestone,  etc.,  beneath  the  basalt  is  exposed  and 
deeply  trenched,  while  in  the  northern  section  the  walls  are  entirely 
of  basalt  and  the  plateau  through  which  the  river  flows  has  been 
depressed  and  the  task  of  cutting  a  trench  to  a  uniform  gradient  much 
lessened.  These  differences  in  the  two  sections  of  the  canyon  raaj'  be 
recognized  by  comparing  Pis.  IV  and  VI,  B,  The  former  is  a  view  of 
the  narrow,  steep-sided  canyon  above  Asotin,  taken  from  a  locality  on 
its  eastern  border  near  Waha,  and  the  latter  is  a  view  taken  on  the 
brink  of  the  canyon  in  its  deeper  portion,  on  Craig  Mountain  opposite 
Mount  Wilson,  but  the  distances  are  so  great  that  it  fails  to  convey 
even  a  faint  impression  of  the  magnificence  of  the  scene.  Details  of 
the  walls  of  the  canyon  are  shown  in  PI.  VIII. 

Snake  River  Canyon  in  its  deepest  and  wildest  ix)rtion  adjacent  to 
Nez  Perce  County  is  joined  by  Salmon  River  Canyon,  which  comes  in 
from  the  east  and  is  of  the  same  depth  and  character  as  the  mighty 
trench  excavated  by  the  master  stream.  About  20  miles  below  the 
the  mouth  of  Salmon  River,  Grande  Ronde  River  joins  Snake  River 
from  the  west,  and  also  flows  through  a  magnificent  canyon,  scarcely 
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second  in  its  scenic  features  to  that  of  the  larger  river,  and,  like  it, 
about  4,000  feet  deep.  Near  its  mouth  Grande  Ronde  River  is  joined  by 
Joseph  Creek,  which  has  also  excavated  a  canyon  as  deep  as  the  one  it 
joins.  These  several  strong  streams,  acting  like  endless  saws,  have  cut 
into  the  great  plateau  which  was  elevated  athwart  their  courses.  Each 
of  their  branches  has  also  striven  to  deepen  its  canyon  at  the  !!anie 
rate  as  the  master  stream^  and  the  result  is  that  a  once  even-surfai^ed 
and  monotonous  plateau  has  been  given  an  exceedingly  rugged  topog- 
raphy. 

The  impression  gained  by  one  who  follows  the  immediate  borders  of 
Snake  River  and  its  various  bi-anches  would  probably  be  that  he  is 
traversing  a  mountainous  region;  and  this  conclusion  is  true  enough, 
for  the  land  forms  to  be  seen  are  far  more  rugged  and  lofty  than  the 
ridges. and  peaks  of  many  greatly  admired  mountain  I'anges.  It  is 
only  when  a  commanding  summit  is  gained,  like  the  top  of  Mount 
Wilson  or  the  southern  border  of  the  Blue  Hills,  that  the  relations  of 
the  topographic  features  of  an  extensive  portion  of  the  rugged  country 
are  recognized,  and  it  is  seen  to  be  a  deeply  dissected  plateau.  In  far- 
reaching  views  large  areas  of  the  unmodified  plateau  surface  are  in 
sight,  and  the  change  from  what  is  termed  young  topography  to 
middle-aged  and  mature  topograph}'^  can  be  traced  in  different  portions 
of  the  same  upraised  block  of  the  earth's  crust. 

One  not  familiar  with  canyon  scenery  may  perhaps  fancy  that  the 
excavations  made  b}^  streams  in  an  elevated  plateau  are  narrow  trenches 
with  vertical  walls — in  fact  simply  ravines  of  larger  growth.  While 
this  is  to  some  extent  true  of  young  canyons  in  homogeneous  and  resist- 
ant rocks,  yet  when  the  trenches  become  deep,  especially  if  the  rocks 
cut  through  are  of  varied  character,  the  original  narrow  excavations 
are  widened,  especially  at  the  top,  and  their  walls  are  sculptured  by 
lateral  streams  and  are  trenched  by  rills  and  brooks  originating  on 
them  so  as  frequently  to  impart  to  them  great  diversity. 

In  the  case  of  the  can  von  of  Snake  River  from  the  mouth  of  Salmon 
River  to  near  the  locality  where  Grande  Ronde  River  joins  it,  and 
again  a  few  miles  farther  downstream,  in  the  vicinity  of  Buffalo  Rock, 
as  has  already  Ix^en  described,  the  Columbia  River  lava  forms  the  upper 
portion  of  the  canyon  walls,  while  the  lower  slopes  are  cut  in  older 
and  for  the  most  part  more  resistant  formations.  The  upper  portions 
of  the  bordering  walls,  composed  of  liasalt,  have  receded,  and  the  can- 
yon has  been  widened  there  more  rapidly  than  in  the  lower  portions, 
owing  to  the  greater  i^apidity  with  which  basalt  weathers,  in  compar- 
ison with  the  formations  on  which  it  rests,  and  also  on  account  of  its 
longer  exposure  to  the  atmosphere;  so  that  a  broad  canyon,  with  sculp- 
tured walls  in  which  the  exposed  edges  of  the  lava  sheets  are  horizon- 
tal, has  in  its  bottom  a  narrower  canyon  with  precipitous  and  ruggtKi 
sides.     This  canyon  within  a  canyon  is  due  entirely  to  differences  in 
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the  resistance  of  the  rocks  to  weathering,  and  does  not  indicate  move- 
ments in  the  earth's  crust,  as  does  a  somewhat  similai'  occurrence  in 
the  Grand  Canyon  of  the  Colorado. 

Throughout  the  portion  of  the  canyon  where  the  rocks  beneath  the 
lava  are  exposed  there  is  no  flood  plain  and  no  land  that  is  under  cul- 
tivation. In  the  next  section  downstream,  where  only  basalt  occui^s, 
although  a  true  flood  plain  is  lacking,  there  are  small,  moderately  flat 
areas,  composed  in  part  of  talus,  which  are  irrigated  by  water  derived 
from  brooks  which  flow  down  steep  side  gulches,  and  orchards  of 
peaches,  apricots,  pears,  etc.,  are  cultivated,  producing  a  rich  return 
of  excellent  fruit.  The  combined  area  .of  these  detached  fragments  of 
flood  plains  that  are  under  cultivation  between  the  mouth  of  Asotin 
Creek  and  Grande  Ronde  River  is  only  about  100  acres. 

Downstream  from  where  the  last  exposure  of  the  terranes  beneath 
the  basalt  is  to  be  seen,  the  walls  of  the  canyon  are  precipitous  from 
base  to  summit,  and  although  encumbered  with  debris  are  mostl}"  grass 
covered.  The  character  of  the  precipices  is  well  shown  in  PI.  IV,  in 
which  the  edges  of  the  nearly  horizontal  lava  sheets  can  readily  be 
recognized.  This  portion  of  the  canyon,  as  previously  stated,  is  cut 
in  general  along  the  junction  of  the  Lewiston  and  Clarkston  plateaus, 
and  the  rocks  are  inclined  downward  toward  the  mouth.  The  walls  of 
the  canyon  decrease  in  height  as  one  approaches  Lewiston -Clarkston, 
and  at  the  same  time  its  bottom  becomes  somewhat  broader. 

Just  below  Lewiston-Clarkston  Snake  River  makes  an  abrupt  bend 
to  the  westward.  This  sharp  turn  is  due  to  the  Clearwater  escarp- 
ment, which  runs  at  right  angles  to  the  previous  course  of  the  river 
and  is  about  2,000  feet  high,  with  southward-dipping  beds  on  its  face 
which  are  inclined  at  angles  of  from  40  to  50  degrees  or  more.  Evi- 
dently the  escarpment  was  raised  across  the  course  of  the  river,  or, 
more  accurately,  the  plateau  to  the  southward  was  depressed  and  the 
stream  was  turned  aside.  The  river  on  turning  to  the  westward  fol- 
lows the  base  of  the  great  escarpment,  but  soon  cuts  into  the  fold  which 
forms  the  escarpment,  and  flows  along  it  for  a  distance  of  5  or  6  miles, 
to  Alpowa.  There  it  makes  another  abrupt  bend,  and  enters  a  narrow, 
steop-walled  canyon  cut  in  the  Uniontown  Plateau,  similar  to  that 
shown  in  PI.  IV.  The  relation  of  Snake  River  to  the  monoclinul  fold 
forming  the  Clearwater  escarpment,  in  the  portion  of  its  course 
between  Lewiston  and  Alpowa,  is  the  same  as  exists  in  the  case  of 
Clearwater  River.  In  fact,  the  portion  of  Snake  River  referred  to  is 
almost  a  direct  continuation  of  Clearwater  River,  and  flows  along  the 
same  monoclinal  fold,  which  there  passes  into  a  fault,  leaving  a  large 
portion  of  the  southward-dipping  rocks  on  its  southern  or  left  border. 
The  beds  on  the  south  side  of  the  river  dip  southward  at  an  angle  of  6 
to  7  degrees,  but  soon  flatten  and  pass  under  the  Clarkston  Plateau, 
where  they  are  nearly  horizontal. 
IRK  bS — 01 5 
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The  variations  in  the  depth  of  Snake  River  Canyon  below  the  gen- 
eral level  of  the  adjacent  plateaus  illustrate  the  relation  of  the  river's 
work  to  the  deformation  which  the  rocks  have  undergone,  and  show 
that  where  the  rocks  have  been  lifted  highest  the  trench  cut  by  the 
river  is  deepest,  and  where  the  rocks  have  been  depressed  the  walls  of 
its  canj^on  become  low — at  Lewiston-Clarkston  the}'  nearly  disappear. 

Snake  River  Canyon  is  typical  of  the  class  of  larger  canyons  in  the 
Nez  Perce  region,  and  to  save  space  and  avoid  repetition  the  others 
need  not  be  described  at  length. 

Canyon  of  Grande  Rondi'  River. — The  country  to  the  south  of  the 
Blue  Hills  is  a  high,  deeply  dissected  plateau  of  the  same  general  char- 
acter as  the  neighboring  region  in  which  Snake  River  haj$  excavated 
its  magnificent  canyon,  except  that  the  Columbia  River  lava  thei*e 
seems  to  be  thicker,  as  the  rocks  beneath  it  are  not  exposed. 

Grande  Ronde  River,  Joseph  Creek,  and  their  various  tributaries 
have  excavated  deep  canyons,  and  the  remnants  of  the  original  plateau 
have  been  reduced  in  width  until  in  many  instances  they  are  sharp. 
serrate  ridges.     Everywhere  throughout  the  rugged  lands  thus  pro- 
duced the  edges  of  horizontal  lava  sheets  are  to  be  seen.     la   few 
places  in  the  United  States  can  better  illustrations  be  found  of  the 
transformation,  by  stream  erosion,  of  a  level  plateau  underlain  b^-  a 
great  thickness  of  horizontally^  bedded  rocks  into  a  region  of  exces- 
sively rugged  topography.     Near  the  junction  of  Joseph  Creek  with 
Grande  Ronde  River,  and  between  the  same  creek  and  the  canyon  of 
Snake  River,  the  topography  is  as  rugged  as  it  can  be  made  with  the 
present  amount  of  uplift.     Many  of  the  ridges  are  sharp  and  along 
their  crests  are  broken  into  pinnacles  through  the  action  of  lateral 
rills  and  creeks,  rain,  frost,  and  wind.     The  continuation  of  the  denu- 
dation, which  has  been  long  in  progress,  "will  tend  to  decrease  the 
height  of  the  multitude  of  ridges  and  peaks  and  to  lessen  the  rugged- 
ness  of  the  relief.     In  short,  the  topography  is  mature  and  will  slowly 
lose  its  salient  features  and  flatten  out  so  as  to  resemble  itj;!  original 
monotonous  character,  unless  renewed  uplift  occura  so  as  to  allow^  the 
streams  to  cut  more  rapidly.     Ascending  the  ridges  between   the 
various  streams  and  traversing  them  toward  the  sources  of  the  bor- 
dering canyons,  they  become  broader  and  are  easily  recognized  as  por- 
tions of  a  vast,  nearly  level  plateau.     These  broad  surfaces  are  covered 
with  a  deep  residual  soil,  as  is  common  in  all  such  instances  in  the  Xez 
Perce  region,  and  there  probably  has  been  some  lowering  of  the  gen- 
eral level,  owing  to  rock  decay  and  solution,  but  the  amount-  is  *not 
known.     In  this  connection,  however,  it  should  be  remembered  that 
the  lava  in  changing  to  soil  not  only  loses  bulk,  on  account  of  the 
removal  of  the  more  soluble  material,  but  may  also  gain  in  volume  bv 
reason  of  the  change  that  takes  place  from  a  dense  to  a  somewhat  open 
texture,  and  also  from  the  swelling  of  certain  minerals  becaase  of  a 
change  to  a  hydrous  condition. 
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One  of  the  most  instructive  features  in  connection  with  the  canyon 
of  Grande  Bonde  River  is  the  fact  that  the  river  cuts  across  the  south- 
ern slope  of  the  Blue  Hills  uplift,  and  there  the  lava  sheets  in  each  of 
its  canyon  walls  dip  southward.     The  explanation  of  this  is  that  the 
river  had  its  right  of  way  established  before  the  dome  from  which  the 
present  rugged  relief  of  the  Blue  Hills  has  been  produced  by  erosion  was 
upraised.     That  is,  as  previously  stated,  the  river  is  to  be  classed  as  an 
antecedent  stream.     The  southward  dip  of  the  lava  sheets  in  which  the 
river  in  the  portion  of  its  course  indicated  on  PL  H  has  sunken  its 
channel  in  an  east-west  direction  has  had  a  marked  influence  on  the 
details  of  its  bordering  walls.     On  the  north  side  of  the  canyon,  where 
the  lava  sheets  are  inclined  downward  toward  the  river,  there  have  been 
innumerable  landslides;  while  on  the  south  side,  where  the  dip,  although 
small,  is  away  from  the  river,  the  bluffs  in  many  places  approach  the 
vertical,  and  landslides  are  rare,  except  near  the  top,  where  occurs  a 
bed  of  soft  sedimentary  material,  which  has  caused  a  terrace  to  appear.* 
Canyon  of  Salmon  Mwer. — At  its  mouth  Salmon  River  is  on  a  level 
with  Snake  River,  into  which  it  flows,  but  it  is  a  rapid  stream,  through- 
out at  least  the  lower  30  miles  of  its  course,  and  has  many  swift,  foam- 
ing rapids,  but  no  actual  cataracts.     Where  the  two  rivers  unite  there 
was,  previous  to  the  excavation  of  the  profound  canyons  through  which 
they  now  flow,  about  2,000  feet  in  thickness  of  horizontal  lava  sheets 
resting  on  quartzite  and  dense  igneous  rocks.     After  cutting  through 
the  lava  the  streams  found  much  more  resistant  rock  below,  and  their 
canyons  became  narrow.     The  canyon  of  Salmon  River  for  5  or  6  miles 
upstream  from  its  mouth  is  only  wide  enough  for  the  roaring  stream 
that  rushes  through  it,  and  is  quite  impassable  to  man.     Above  this 
narrow  portion,  in  excessiveh^  hard  rock,  the  canyon  widens,  in  basalt, 
and  for  about  20  miles,  or  to  the  mouth  of  Deer  Creek,  which  comes 
in  from  the  west,  there  is  a  narrow  strip  of  flood  plain  on  its  western 
side  and  a  series  of  terrace-like  benches  on  the  salients  between  the 
lateral  streams;  but  the  east  wall  is  usually  precipitous  and  possesses 
remarkably  fine  scenery.     Beginning  about  6  miles  from  its  mouth  and 
extending  upstream  4  or  5  miles,  Salmon  River  makes  two  sharp  bends 
and  passes  about  the  base  of  a  massive  pile  of  basaltic  rocks  2,500  feet 
high,  which  have  been  sculptured  into  castellated  forms  of  remarkable 
g'l'andeur.     Here  the  basalt  forms  the  bed  of  the  stream,  and  on  its 
immediate  banks  are  exposed  the  summits  of  columns  which  show  that 
the  larger  part  of  a  thick  sheet  of  lava  still  remains  uncut.     From  this 
locality  up  to  the  summit  of  the  remnants  of  the  original  plateau,  which 
occur  on  all  sides  at  a  distance  of  from  5  to  15  or  20  miles,  one  finds 
only  the  edges  of  horizontal  lava  sheets.     The  portions  of  the  original 
plateau  remaining  have  surface  elevations  of  more  than  5,000  feet. 
The  elevation  at  the  mouth  of  Salmon  River,  according  to  suiTcys 

'^  Other  facts  concerning  Grande  Ronde  River  and  its  branches  will  be  found  in  a  preceding  report 
|>y  the  author— Water-Supply  and  Irrigation  Paper  U.  S.  Geol.  Survey  No.  4  (1897),  pp.  17,  26,  26. 
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made  by  the  Oregon  Railway  and  Navigation  Company,  is  965  feet, 
and  the  thickness  of  the  lava  is  not  less  than  4,000  feet  and  may  be 
considerably  greater. 

Upstream  from  the  mouth  of  Deer  Creek,  Salmon  River  passNOii 
through  two  narrow  gorges  of  dense  igneous  rocks,  which  project 
upward  into  the  lava  sheets;  but  between  these  obstioictions  the  canyon 
widens,  and  has  been  excavated  wholly  in  basalt.  At  the  great  >>end 
of  the  river  near  Keuterville,  the  rocks  beneath  the  lava  again  become 
prominent  in  the  canyon  walls,  forming  about  half  of  their  height,  and 
the  great  gulf,  about  3,500  feet  deep,  is  nearly  as  impressive  as  the 
wildest  portion  of  the  canyon  of  Snake  River.  The  same  magnificent 
scenery  continues  far  up  the  river  above  the  big  bend,  but  only  distant 
views  of  it  have  been  had  by  the  writer.^  Each  of  the  creeks  tribu- 
tary to  Salmon  River  below  the  big  bend  also  flows  in  a  deep  canyon 
of  its  own  making,  so  that  the  once  widely  extended  plateau  is  nearly 
as  deeply  dissected  and  rugged  as  the  similar  region  drained  by  Grande 
Ronde  River. 

The  remnants  of  the  elevated  plateau  adjacent  to  the  lower  course 
of  Salmon  River  are  clothed  with  coniferous  forests,  and  trees  grow 
here  and  there  on  the  sides  of  its  canvons;  in  a  few  instances  vellow 
pines  occur  at  the  river's  margin.  The  canyon  walls,  even  where  pre- 
cipitous, are  covered  with  bunch  grass  and  afford  fine  pasturage. 

Perhaps  the  most  instructive  physiographic  feature  of  the  river  is  the 
fact  that  for  a  distance  of  from  10  to  15  miles  above  the  big  bend  it  ha? 
cut  its  great  canyon  diagonally  aiTOss  a  sloping  plateau,  and  flows  in  a 
westerly  direction,  while  the  plateau  dissected  by  it  slopes  northward, 
in  conformitv  with  the  gentle  inclination  of  the  lava  sheets  beneath  it. 
When  followed  northward  the  lava  sheets  flatten  out  and  pa>^ 
beneath  the  level  surface  of  the  Camas  Pi-airie.  A  view  of  the  lava 
sheets  in  the  canyon  is  shown  in  PI.  V,  B.  The  river  crosses  the  .slop- 
ing plateau  in  the  great  sweeping  curve,  but  is  sunk  in  a  canyon  about 
3,500  feet  deep.  The  relation  of  the  course  of  the  river  to  the  slop© of 
the  plateau  it  crosses  is  shown  in  PI.  IX,  B^  and  details  of  the  canyon 
walls  in  PI.  X.  Rock  Creek,  which  rises  on  Mount  Idaho  and  crosses  a 
portion  of  the  Camas  Pmrie,  joins  Salmon  River  after  flowing  through 
a  deep,  rugged  gorge  cut  in  the  upraised  border  of  the  basin  of  th«* 
Canuis  Prairie;  that  is,  it  flows  against  the  slope  of  the  country  and 
against  the  dip  of  the  rock  beneath  it.  The  meaning  of  these  fact;*  ijj  the 
same  as  in  the  case  of  Clearwater  and  Snake  rivers,  which  have  excavat<Hl 
can3-ons  in  the  monoclinal  fold  joining  the  Uniontown  Plateau  with 
the  Lewiston-Clarkston  plateaus,  and,  again,  in  the  case  of  Grande 
Ronde  River,  which  cuts  into  the.Blue  Hills  dome.     In  other  word>. 


>  An  nci-ount  oi  the  upjior  portion  of  Stilmon  River  Canyon,  together  with  much  information  oi'  - 
eerninff  the  Re(»loKy  of  the  resrum  traversed  by  it,  will  be  found  in  the  report  by  Waldemar  LimUrrtr 
before  cited,  viz,  The  Rold  and  silver  veins  of  Silver  City,  I)e  I^mwir,  and  other  mininir  dhitriet*-  .-i 
Idaho,  published  in  the  Twentieth  Annual  Report  of  the  T.  S.  Geological  Survey,  Part  III.  pp.  tVVi'o 
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the  rights  of  way  of  Salmon  River  and  Rock  Creek  were  established 
before  the  plateau  formed  by  the  last  sheet  of  Columbia  River  lava 
was  disturbed  from  its  originally  horizontal  position. 

Canyons  of  Clearwater  River. — Clearwater  River  is  formed  by  the 
union  of  manj^  streams,  the  larger  of  which  have  their  sources  in  the 
Bitterroot  Mountains  and  flow  westward.  All  of  these  bmnches,  as 
well  as  the  main  river,  flow  in  canyons,  and  in  all  cases  where  a 
stream  passes  from  the  region  of  diorite,  schist,  etc.,  into  the  Colum- 
bia River  lava,  a  change  in  the  character  of  the  excavation  it  has  made 
is  at  once  manifest.  In  the  older  rocks  the  canyons  are  wide  at  the 
top  and  have  less  precipitous  walls  than  where  they  have  been  cut  in 
lava.  The  topography  in  tho  mountains  consists  of  a  labyrinth  of  shai*p- 
crested  ridges,  with  flaring  valleys  between,  and  the  streams  in  the 
valley  are  swift  and  without  flood  plains.  The  character  of  the  coun- 
try is  indicated  to  some  extent  by  the  fact  that  the  trails  follow  the 
crests  of  the  ridges  persistently,  there  being  no  room  for  them  adjacent 
to  the  streams.  On  entering  the  lava-covered  region  the  streams  are 
bounded  by  more  precipitous  walls,  and  where  they  have  not  cut 
through  the  lava  their  sides  frequently  approach  the  vertical,  from 
base  to  summit.  Some  of  the  creeks  from  the  mountains  flow  for  a  mile 
or  more  over  the  basalt,  as  surface  streams,  before  plunging  into  a  nar- 
row canyon  at  its  head.  Between  the  canyons  cut  in  the  lava  there 
are  broad,  nearlj'^  flat  remnants  of  the  once  widely  extended  and  undis- 
sected  plateau.  These  differences  may  be  brieflj^  summarized  by  stat- 
ing that  in  the  rocks  older  than  the  Columbia  River  lava  the  topography 
is  mature,  but  in  the  region  floored  by  the  lava  it  is  young. 

The  particular  feature  in  the  physiography  of  the  region  drained  by 
Clearwater  River  which  is  of  greatest  interest  is  the  relation  of  the 
lower  portion  of  the  trunk  stream  to  the  monoclinal  fold  which  unites 
the  Uniontown  Plateau  with  the  Lewiston-Clarkston  plateaus.  In  the 
portion  of  its  course  referred  to  Clearwater  River  flows  directly  along 
a  monoclinal  fold,  in  what  may  be  termed,  under  a  classification  of 
valleys  once  proposed  by  J.  W.  Powell,^  a  monoclinal  valley;  that  is, 
the  rocks  in  each  wall  of  the  valley,  as  well  as  beneath  its  floor,  dip  in 
one  direction,  namely,  southward. 

On  the  south  side  of  the  valley  the  rocks  are  inclined  upward,  from 
the  position  they  occupy  beneath  the  Lewiston  Plateau,  at  an  angle  of 
perhaps  1  or  2  degrees  in  the  vicinity  of  Myrtle,  which  increases  west- 
ward to  the  great  escarpment  overlooking  Lewiston,  where  it  is  40  to 
50  degrees.  Throughout  this  distance  the  crest  line  of  the  north  wall 
of  the  valley  is  nearly  level,  although  rendered  irregular  by  the  pres 
ence  of  gulches  with  salients  between;  but  the  south  wall,  which  at 
the  east  is  about  on  a  level  with  its  companion  to  the  north,  gradually 
declines,  and  at  Lewiston  it  nearly  disappears.     The  south  wall  is  com- 

» Exploration  of  the  Colorado  River  of  the  West.    Washington,  1875,  p.  160. 
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posed  of  lava  sheets  which  dip  southward  but  soon  flatten  and  pa^r 
under  the  more  nearly  level  Lewiston  Plateau,  thus  forming  an  ele- 
vated rim  along  the  side  of  Clearwater  River  Valley.  This  peculiar 
feature  of  a  large  river  apparently  excavating  a  canyon  along  a  steeply 
sloping  mountain  side,  instead  of  descending  to  the  adjacent  valley, 
can  be  explained  only  on  the  hypothesis  that  the  course  of  the  river 
was  established  before  movements  in  the  earth's  crust  formed  the 
monoclinal  fold  which  it  follows.  The  river  has  deepened  its  channel 
as  the  rocks  beneath  it  were  bent. 

The  relation  of  Clearwater  River  to  the  fold  it  follows  suggests  that 
before  the  lava  sheets  were  flexed  the  river  had  cut  in  them  a  trench 
suflScientl}'  deep  to  determine  a  line  of  weakness  along  which  a  shari) 
fold  was  produced  when  subsequent  movement  occurred.  The  greater 
part  of  the  canyon  cutting,  however,  was  after  the  monoclinal  fold  wat? 
initiated.* 

RELATION  OF  THE  STREAMS  TO  GEOLOGIC  STRUCTURE. 

In  the  brief  account  of  the  canyons  of  the  Nez  Perce  region  which 
has  just  been  given,  references  have  been  made  to  the  manner  in  which 
the  larger  streams  cross  sloping  surfaces  diagonally,  as  in  the  case  of 
Grande  Ronde  River,  which  cuts  into  the  southern  portion  of  the  Blue 
Hills  aome,  and  Salmon  River,  which  sweeps  in  a  great  curve  into  the 
upraised  border  of  the  Camas  Prairie  but  leaves  that  topographic 
basin  without  reaching  its  lower  portion;  and  also  to  the  fact  that 
Snake  River  has  cut  through  the  Craig  Mountain  uplift,  and  again^  at 
the  depressed  northern  border  of  the  Lcwiston-Clarkston  plateaus,  on 
which  its  valley  broadens  and  is  only  about  200  feet  deep,  it  enters  a 
canyon  2,000  feet  deep  in  the  Uniontown  Plateau.  In  this  same  cate- 
gory is  to  be  placed  the  fact  that  Clearwater  River  in  its  lower  course, 
and  Snake  Riv^er  between  Lewiston  and  Alpowa,  flow  directly  along  a 
monoclinal  fold  in  monoclinal  valleys. 

The  important  group  of  observations  just  summarized  shows  that 
the  courses  of  the  streams  referred  to  are  to  a  great  extent  independent 
of  the  structure  of  the  rocks  in  which  they  have  excavated  their  eanyon>, 
and  are  also  equally  independent  of  the  larger  features  in  the  surfao** 
relief,  since  the  inclination  of  the  various  plateaus,  which  are  the  major 
physiographic  elements,  corresponds  with  the  dip  of  the  underh^inor 
lava  sheets.  In  order  to  make  this  conclusion  clearer  and  more  graphic, 
let  us  trace  in  outline  the  chapter  in  the  history  of  the  Nez  Perce  region 
to  be  read  in  surface  geology  and  drainage  system. 

1  In  this  connection  the  idea  presents  itself  that  if  a  broad  plateau  underlain  by  hori«ont«llv  tw-i- 
ded  r(K*ksof  the  nature  of,  especially,  lava  sheets,  which  may  be  considered  as  beinj^  resi^iaut  :■' 
deformation  by  bending,  should  have  a  canyon  cut  in  its  surface,  such  a  canyon,  especially  if  ;..r  j 
and  straight,  would  mark  out  a  line  of  weakness  which  would  determine  where  maximum  def«TUi.t- 
tion  w«)uid  occur  in  cjise  the  beds  should  be  warped  or  displaced  by  a  tangential  thrust  acting  r* 
right  angles  to  the  cour><e  of  the  canyon:  that  Is,  in  some  in^^tances  streams  are  not  only  anteccdtT.* :  ■ 
structure,  but  they  exert  an  Influence  on  the  stnictun*  itielf.  While  the  facts  in  hand  do  not  warrant 
tlie  un<iualified  acceptance  of  this  view,  they  at  least  awaken  a  desire  to  test  it  by  moreexien«io^ 
ol)serviition«. 
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When  the  last  sheet  of  Columbia  River  lava  was  poured  out  it  formed 
the  surface  of  a  nearly  level  plateau  to  the  westward  of  the  Bitterroot 
Mountains,  across  which  the  streams  from  the  eastward,  such  as  Snake, 
Sahnon,  and  Clearwater  rivers,  had  to'  flow  in  order  to  deliver  their 
waters  to  the  ocean.     It  is  probable  that  lakes  were  formed  on  the  lava 
plateau,  but  this  and  other  phases  of  the  history  need  not  concern  us 
at  present.     The  rivers  in  time  excavated  canyons  which  were  deepest 
near  their  mouths  and  were  slowly  extended  upstream.     After  this 
work  was  well  under  way  in  the  immediate  reg'ion  here  considered, 
movements  in  the  rocks  began,  which  continued  for  a  long  time,  and 
perhaps  have  not  yet  ceased.     These  movements  produced  a  deforma- 
tion of  the  originally  level  surface,  of  the  nature  of  a  tilting  of  broad 
blocks  of  the  original  plateau.     These  blocks  experienced  differential 
movement  in  reference  to  one  another,  and  along  their  borders  were  in 
certain  instances  bent  into  monoclinal  folds,  and  where  the  flexures 
were  sharpest  breaks  occurred.     The  differential  movements  of  the 
various  blocks  went  on  so  slowlv  in  most  instances  that  where  the 
rivers  crossed  the  belts  of  flexure  they  were  able  to  deepen  or  upgrade 
their  channels  as  rapidly  as  the  surface  was  deformed.     Where  the 
border  of  a  tilted  block  rose  athwart  the  course  of  a  river  a  canyon  was 
cut  across  it,  as  in  the  ease  of  Snake  River  where  it  crosses  the  Craig 
Mountain  uplift.     In  some  cases,  however,  the  deformation  went  on 
more  rapidly  than  the  river  could  deepen  or  upgrade  its  channel,  and 
the  stream  was  turned  aside.     An  illusti-ation  of  this  is  furnished  by 
Grande  Ronde  River,  which  was  turned  from  the  course  it  has  in  its 
upstream  portion  b>^  the  elevation  of  the  Blue  Hills  dome.     The  best 
example  of  the  raising  of  a  wall  directly  athwart  the  course  of  a 
river,  and  that,  too,  the  largest  river  of  the  region,  is  furnished  by  the 
Clearwater  escarpment,  which  turned  Snake  River  aside  at  the  site 
of  Lewiston.     This  escarpment,  which  it  will  be  remembered  is  the 
southern  border  of  the  nearly  level  Uniontown  Plateau,  was  formed 
directly  across  the  course  of  Snake  River,  and  the  maximum  displace- 
ment occurred  at  the  localitv  where  the  river  crossed  its  site.     For 
a  portion  of  the  way  between  Lewiston  and  Aipowa  the  Clearwater 
escarpment,  which  elsewhere  is  a  monoclinal  fold,  became  a  fault.    The 
break  here  occurred  2  or  3  miles  west  of  Lewiston;  but  directly  in  the 
course  of  Snake  River  to  the  north  of  Lewiston  the  rocks  in  the  face  of 
the  escarpment  as  it  exists  to-day  dip  southward  at  angles  of  from  30 
to  60  degrees.     The  differential  movement  between  the  borders  of  the 
Uniontown  Plateau  and  the  Lewiston-Clarkston  plateaus  occurred  with 
.suflScient  rapidity  to  deflect  the  river  and  cause  it  to  flow  westward 
it  long  the  break  produced  by  faulting  until  it  could  pass  about  the  end 
of  the  portion  of  the  belt  of  disturbance  where  the  movement  was 
greatest.     An  irregular  course  was  thus  established,  which  the  stream 
>vas  able  to  maintain  as  the  tilting  and  depression  of  the  Lewiston - 
CJlarkston  plateaus  went  on.    It  is  possible  that  Snake  fiiver  was  checked 
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bj^  an  uprising  of  the  Clearwater  escarpment,  and  a  lobe  was  formed. 
That  such  was  the  ease,  however,  has  not  been  clearly  proved,  although 
certain  silt-like  deposits  on  the  Clarkston  Plateau  maj^  have  been  laid 
down  in  such  a  water  body.  The  deposits  referred  to  have  not  been 
carefully  examined. 

As  the  deformation  of  the  original  lava  plateau  progressed  and  the 
lai'ger  streams  deepened  their  channels,  their  tributaries,  situated  on 
rocks  that  were  but  slight!}'  disturbed,  or  strong  enough  to  maintain 
their  rights  of  way  where  the  movements  were  greatest,  also  deepened 
their  channels,  owing  to  the  greater  velociU'  given  them  by  the  lower- 
ing of  the  master  streams  into  which  the}'  discharged  and  likewise 
excavated  canyons.  Most  of  the  smaller  streams,  however,  came  into 
existence  after  the  deformation  of  the  surface  was  initiated,  and  were 
guided  by  the  slopes  produced.  For  example,  all  of  the  streams  which 
flow  from  the  Blue  Hills  to  Snake  River  have  courses  such  as  would 
be  determined  by  the  present  slope  of  the  surface.  These  streams, 
and  probably  all  others  flowing  away  from  the  Blue  Hills,  came  into 
existence  after  that  region  was  upraised  into  a  dome.  In  a  similar 
way,  all  of  the  streams  in  the  centi'al  portion  of  Nez  Perce  County. 
which  enter  either  the  Snake,  the  Salmon,  or  Clearwater  River,  flow 
through  channels  such  as  would  be  determined  by  the  inclinations  of 
the  present  surface  and  the  depth  of  the  master  streams  to  which  they 
are  tributarv. 

The  streams  of  the  Nez  Perce  region  may  therefore  be  classed  in 
two  groups,  in  reference  to  the  relation  they  bear  to  the  structure  of 
the  rocks  over  which  they  flow:  (1)  Streams  the  courses  of  which 
were  established  before  the  underlying  rocks  were  disturbed  from  their 
original  horizontal  positions,  and  which  may  be  classed  with  what 
geographers  term  antecedent  streams,  of  which  Snake,  Grande  Ronde, 
Salmon,  and  Clearwater  rivers  are  the  leading  if  not  the  only  exam- 
ples; and  (2)  streams  which  came  into  existence  on  the  slopes  pro- 
duced by  deformation,  and  which  are  consequent  to  them  and  there- 
fore are  termed  consequent  streams,  many  examples  of  which  might  l>e 
named,  as,  for  instance,  Asotin  Creek  and  its  several  branches,  Lap- 
wai  Creek  and  its  principal  tributaries,  Cottonwood,  Lawyers,  Little 
Canyon,  and  other  creeks  which  drain  broad  portions  of  the  deformed 
lava-covered  country  and  are  consequent  on  slopes  produced  by  defor- 
mation. There  is  still  another  and  subordinate  class  of  streams,  such 
as  flow  down  the  steep  canyon  walls,  which  are  consequent  on  slopes 
due  to  erosion. 

STREAM  TERRACES. 

In  a  previous  report  ^  the  writer  has  directed  attention  to  the  widely 
distributed  and  frequently  thick  gravel  desposits  in  the  canyons  of 
both  the  Cascade  and  the  Rocky  Mountain  ranges  in  Washington  and 

1 A  preliminary  paper  qi\  the  geology  of  the  Cascade  Mountains  in  northern  Washington,  by  I.  C 
Russell:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  II,  pp.  173-184. 
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Idaho,  which  were  formed  after  the  rivers  had  excavated  their  chan- 
nels to  their  present  depth,  but  have  since  been  reexoavated,  so  that 
in  many  instances  only  small  remnants  of  thetn  now  remain.  Several 
examples  of  these  gravel  deposits  belonging  to  the  Pleistocene  division 
of  geologic  history  occur  in  the  Nez  Perce  region. 

Remnants  of  former  flood  plains  of  Snake  and  Clearwater  rivers 
occur  in  Lewiston  and  Clarkston,  and  may  there  be  studied  to  advan- 
tage. In  Lewiston  sections  of  heavy  stream-laid  gravel  are  admi- 
rably exposed  in  the  bluff  which  separates  the  lower  portion  of  the  city, 
which  is  built  principally  on  the  present  flood  plain  of  Clearwater 
River,  from  an  old  flood  plain,  at  an  elevation  of  150  feet  above  the 
low-water  stage  of  Snake  River,  on  which  the  newer  portion  of  the 
cit}'  is  situated.  The  plateau  referred  to  is  an  abandoned  flood  plain, 
and  shows  that  the  rivers  now  flowing  past  its  base  at  some  former 
period  filled  their  channels  from  side  to  side,  so  as  to  elevate  their 
beds  at  least  150  feet  above  their  present  summer  levels.  The  plateau 
on  which  the  newer  portion  of  the  cit}'  is  located  is  triangular  in  shape, 
a  mile  or  more  broad,  and  on  its  margins  facing  Snake  and  Clear- 
water rivers  instructive  sections  can  be  seen  of  the  well-worn 
bowlders,  cobblestones,  gravel,  and  sand  of  which  it  is  composed.  As 
in  the  case  of  many  flood  plains,  the  last  material  deposited  is  a  fine 
.sand  or  silt.  On  the  southern  side  of  the  plateau,  where  it  joins  the 
uplands  at  what  was  formerly  the  junction  of  Snake  and  Clearwater 
rivers,  there  are  still  higher  gravel  deposits  of  the  same  character, 
showing  that  the  most  conspicuous  terrace  now  remaining  was  exca- 
vated in  a  higher  flood  plain,  the  upper  limit  of  which  is  indefinite. 

At  the  mouth  of  Tammany  Hollow,  nearly  opposite  Asotin,  there  is 
a  well-defined  gravel  bar,  built  by  Snake  River,  which  crosses  the 
mouth  of  the  lateral  canvon  and  at  one  time  formed  a  dam  which 
caused  the  watei*s  of  Tammany  Creek  to  expand  and  form  a  small 
lake.  This  l>ar  is,  by  aneroid  measurement,  235  feet  above  the  sum- 
mer stage  of  Snake  River.  Since  Snake  River  cleared  out  the  greater 
part  of  its  former  gravel  deposits,  Tammany  Creek  has  cut  a  narrow 
channel  through  the  obstruction  at  the  mouth  of  its  canyon.  The  bar 
referred  to,  and  others  similar  to  it  along  the  course  of  Snake  River, 
.shows  that  the  main  stream  was  at  one  time  overloaded  with  d6bris, 
a  large  part  of  which  was  deposited  in  its  channel,  while  its  small 
tributaries  were  not  thus  loaded  and  could  not  fill  in  their  valleys  so 
a«  to  elevate  their  bottoms  at  the  same  rate  as  did  the  master  stream 
to  which  thev  flowed.  The  result  was  that  the  weak  lateral  streams 
were  ponded  and  expanded  into  lakes.  In  a  similar  way  lateral  can- 
yons which  were  perhaps  without  perennial  streams  were  flooded, 
owing  to  the  expansion  of  the  main  stream  and  the  gravel  carried  into 
them. 

The  broad,  sloping  gravel  plain  on  which  Clarkston  stands  is  similar 
to  the  gravel  plateau  in  Lewiston,  but  occupies  a  less  sheltered  posi- 
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tion  in  reference  to  Snake  Kiver,  and  was  cut  away  to  a  considerable 
extent  as  the  river  deepened  its  channel  after  the  period  of  overload- 
ing had  passed.  The  gravel  beneath  Clarkston  is  situated  on  the  inner 
or  convex  side  of  a  river  curve,  and  was  left  with  a  sloping  surfai*e  as 
the  stream  migrated  eastward.  A  similar  sloping  surface  covered 
with  fine  silt  can  be  seen  on  the  inner  curves  of  many  small  streams 
which  now  meander  through  nearly  level-floored  valle3's. 

Another  remnant  of  the  once  extensive  alluvial  deposits  along  Snake 
River  occurs  just  above  Alpowa,  forming  a  flat-topped  terrace  150 
feet  above  its  present  summer  stage.  Again,  in  the  canyon  of  Salmon 
River,  about  5  miles  above  its  mouth,  there  are,  on  each  side  of  the 
canyon,  terraces  composed  of  a  large  variety  of  well-worn  pebbles, 
which  have  a  surface  elevation  of  230  feet  above  the  present  level  of 
the  rivers. 

The  extreme  upper  limit  of  the  gravel  deposited  in  the  c^anyon  of 
Snake  River,  as  determined  by  aneroid  measurements,  was  stated  in 
a  previous  report  *  to  be  360  feet  above  the  low-water  stage  of  the 
river  as  it  flows  at  present.  This  measure  is  perhaps  too  liberal,  and 
may  have  to  be  reduced.  The  principal  difliculty  in  determining  the 
exact  upper  limit  of  the  gravel  lies  in  the  fact  that  it  is  usually  indefi- 
nite, and  in  some  places  is  difficult  to  discriminate  from  the  gravel 
derived  from  sedimentary  beds  interstratified  with  the  Columbia  River 
lava. 

The  remnants  of  the  old  gravel  flood  plains  just  described,  taken  in 
connection  with  similar  facts  observed  over  a  wide  extent  of  coiintn- 
in  Idaho  and  Washington,  furnish  clear  evidence  that  the  larger  can- 
yons of  the  Nez  Perce  region,  after  being  excavated  to  their  present 
depth,  were  deeply  filled  with  gravel  and  subsequently  were  reexca- 
vated.  During  the  last  down-cutting  remnants  of  the  former  flood 
plains  were  left  in  sheltered  places,  as  on  the  inner  sides-  of  sharp 
bends  and  at  the  mouths  of  small  lateral  canyons.  The  changes  in 
conditions  which  permitted  the  strong  rivers  to  excavate  canyons  in 
the  Columbia  River  lava  to  a  depth  of  from  2,000  to  4,000  feet,  then 
deposit  in  them  gravel  to  a  depth  of  at  least  230  feet,  probably  3*><' 
feet,  and  subsequently  reexcavate  them  and  renew  the  task  of  deepen- 
ing the  channels  in  the  solid  lava,  seems  to  have  been  principally  the 
overloading  of  the  streams  at  a  ceitain  period  in  their  history.  For 
a  long  time  the  swift  rivers  rising  in  the  mountains  were  able  to  carry 
their  loads  to  the  sea  or  to  the  larger  rivers  to  which  they  were  tribu- 
tary, and  the  friction  of  the  debris  thus  transported  deepened  their 
channels.  Next  came  a  period  when  the  rivers  had  more  debris 
delivered  to  them  in  their  high-grade,  and  consequently  swift,  upper 
courses  than  they  could  ti'ansport  through  their  long  can^^ons,  and 
some  of  it  was  dropped,  thus  raising  the  stream  bed  and  permitting 

^  Wnter-Supply  and  Irrigation  Paper  r.S.Gcol.  Survey  No.  4,  pp.  66-57. 
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the  water  to  flow  more  rapidly.  After  a  time  the  overloading  ceased, 
and  the  streams,  with  added  energy,  owing  to  the  higher  gradients 
produced  bj'  the  partial  filling  of  their  channels,  were  enabled  to 
remove  the  debris  previously  deposited.  •  This  work  has  gone  on  until 
nearly  all  of  the  gravel,  sand,  etc.,  formerly  laid  aside  has  been  carried 
away,  and  the  rivers  in  places  are  down  to  their  beds  of  solid  rock; 
but  in  general,  as  can  be  seen  in  Clearwater  and  Snake  rivers  for  a 
distance  of  several  miles  from  their  junction,  they  are  still  floored  with 
coarse  gravel.  During  high-water  stages  immense  quantities  of  this 
bottom  load  are  moved  downstream,  to  such  an  extent  in  the  case  of 
Clearwater.  River  as  to  show  the  futility  of  attempting  to  deepen  that 
river  in  order  to  make  it  navigable. 

The  causes  which  led  to  the  overloading  of  the  rivers  flowing  from 
the  mountains  of  Washington,  Idaho,  etc.,  during  a  certain  period  in 
their  history,  have  been  discussed  in  the  previous  report  referred  to, 
and  can  not  be  considered  at  length  here.  It  will  suffice  to  say  that 
the  main  reason  seems  to  have  been  the  climatic  change  which  brought 
on  the  Glacial  epoch.  Precipitation  is  thought  to  have  increased  at 
that  time  beyond  what  it  was  before  or  has  been  since;  the  mean 
annual  temperature  was  lowered,  and  glaciers  existed  in  the  moun- 
tains. These  agencies  would  tend  to  increase  the  loads  brought  by 
swift  tributaries  to  the  trunk  streams,  but  would  also  increase  the  vol- 
umes of  the  rivers  and  consequently  their  velocities  and  power  to 
transpoil.  If  the  increase  in  load,  however,  was  in  a  greater  ratio 
than  the  increase  in  transporting  power,  the  stream  beds  would  be 
upgraded;  and,  according  to  the  best  interpretation  of  the  facts  that 
can  now  be  made,  this  seems  to  have  been  the  case. 

LANDSLIDE    TOPOGRAPHY. 

Rock  masses  which  have  descended  as  landslides  form  so  important 
a  feature  of  the  canyon  walls  in  the  Nez  Perce  region  and  have  so 
intimate  a  connection  with  the  search  for  lignite  deposits  and  the 
question  of  water  supply,  that  their  nature  needs  to  be  well  understood. 

The  distinctions  between  landslides,  displaced  rock  mavsses,  rock 
avalanches,  mud  flows,  snow  avalanches,  etc. ,  have  been  pointed  out  in 
previous  reports,*  and  seemingly  but  little  needs  to  be  said  at  present 
in  this  connection,  except  what  applies  directly  to  the  region  under 
consideration. 

A  landslide  is  understood  to  be  the  breaking  away  of  one  or  more 
large  blocks  of  rock,  or  of  a  quantity  of  loose  material,  from  a  slope, 

1 A  geological  reconnoij«anco  in  central  Washington,  by  I.  C'.  Russell:  Bull.  U.  S.  Geol.  Survey  No. 
las,  pp.  47-49,  Pis.  Ill,  IV,  and  V. 

Topographic  features  due  to  landslides,  by  I.  C.  Ru.ssell:  Pop.  Sci.  Monthly,  Vol.  LIU,  Aug.,  1898, 
pp.  4S(M^9. 

A  j>reliminary  paper  on  the  geology  of  the  Cascade  Mountains  in  northern  Washington,  by  I.  C. 
Russell:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  11,  pp.  193-200. 
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and  its  quick  desciBnt  into  an  adjacent  depression.  The  landslides  in  the 
Nez  Perce  region,  so  far  as  noted,  are  confined  to  the  walls  of  canyons 
in  the  Columbia  River  lava.  The  most  favorable  conditions  for  their 
occurrence  are  where  canyons  have  been  cut  in  thick  sheets  of  lava, 
especially  where  the  lava  is  traversed  b}'  vertical  joints  so  as  to  l>e 
columnar,  and  rests  on  beds  of  clay,  sand,  gravel,  volcanic  dast, 
lapilli,  etc.  These  conditions  are  rendered  still  more  favorable  when 
a  series  of  lava  sheets  with  included  layers  of  soft  material  are  inclined 
toward  the  stream  which  has  excavated  a  canvon  in  them.  Under 
such  circumstances,  blocks  of  lava  are  likelv  to  break  awav  from  the 
cliflfs  and  to  descend  the  slope  below,  perhaps  even  reach  the  stream  at 
its  base.  Where  a  landslide  comes  to  rest,  it  is  usually  found  that  the 
surface  of  the  fallen  block  or  of  the  mass  of  loose  material  which  has 
descended  has  a  slope  toward  the  cliff  from  which  it  fell.  This  l>aok- 
ward  slope  is  f requenth^  so  pronounced  that  basins  are  formed,  which 
under  favorable  climatic  conditions  become  swamps  or  lakes,  but  in 
diy  regions  are  more  frequently  grassy  hollows,  or  perhaps  are  over- 
grown with  bushes  and  trees  while  the  drier  slopes  adjacent  are  bare. 
From  recent  landslides  which  retain  their  characteristic  forms  unim- 
paired there  are  in  many  regions,  as  has  been  described  in  the  rej>ort^ 
just  cited,  illustrations  of  a  complete  series  of  gradations  to  areas  which 
are  nearly  level  although  having  a  somewhat  undulating  topography 
produced  by  the  weathering  of  ancient  landslides.  Thus  there  is  a 
series  of  changes  in  relief,  due  to  landslides,  which  may  be  included 
under  the  tenn  landslide  topography.  Prefixes  denoting  age  might  l>e 
used  in  connection  with  this  term,  to  indicate  the  extent  to  which  the 
fallen  masses  have  yielded  to  weathering  and  erosion. 

In  the  Nez  Perce  region  landslides  have  occurred  on  the  sides  of  all 
of  the  larger  and  many  of  the  smaller  canyons  excavated  in  the 
Columbia  River  lava,  in  places  frequently  a  score  or  more  of  miles 
in  length,  and  on  each  side  of  a  stream  they  can  be  counted  by  the 
hundreds  in  a  single  mile.  Only  a  few  of  these  many  localities, 
however,  can  be  referred  to  in  this  paper. 

On  the  north  side  of  Grande  Ronde  River  where  it  cuts  into  the 
Blue  Hills  uplift,  the  conditions  are  unusually  favorable  for  landslides, 
as  the  lava  sheets  are  inclined  downward  toward  the  river  and  have 
beds  of  sand,  clay,  lignite,  and  volcanic  dust  interbedded  with  them. 
Over  extensive  areas,  measuring  in  fact  many  square  miles,  the 
canyon  wall  is  encumbered  by  heaps  and  ridges  of  material  which  has 
descended  from  above.  From  the  river's  bank  to  the  rim  rock  ivhieh 
defines  the  border  of  the  canyon  at  the  top  of  the  Blue  Hills,  a  dis- 
tance of  7  or  8  miles,  there  is,  except  on  the  salients,  a  succession  of 
fallen  blocks,  some  of  them  at  least  a  half  mile  in  length,  which  fre- 
quently have  undrained  basins  on  their  gently  sloping  northern  sides. 
The  characteristics  of  young  landslide  topography  are  there  w^ell  dis- 
played, although  most  of  the  fallen  masses  have  been  in  their  present 
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position  long  enough  to  be  covered  with  a  deep  soil,  except  on  the 
precipitous  southern  slopes,  and  are  overgrown  with  magnificent 
forest  trees.  On  the  south  side  of  the  canyon  the  precipices  are  steep, 
in  places  nearh"  vertical  for  2,000  feet  above  the  river,  and  landslides 
are  i-are.  The  reason  for  this  is  that  the  lava  sheets  dip  to  the  south- 
ward, or  away  from  the  river,  and  the  tendency  for  blocks  to  fall  is 
far  less  than  on  the  opposite  wall  of  the  canyon.  Near  the  summit  of 
the  southern  wall  there  is  a  bed  of  soft  material,  reported  to  contain 
lignite,  underlying  the  summit  sheet  of  lava.  This  sheet  of  soft 
material  has  caused  the  border  of  the  lava  laver  above  it  to  recede 
more  rapidly  than  the  margins  of  the  laj^er  beneath,  and  a  terrace  has 
resulted,  which  in  many  places  has  on  its  surface  landslides  and  con- 
spicuous talus  slopes. 

In  the  walls  of  the  canyon  of  Snake  River  the  lava  sheets  are  nearly 
horizontal,  so  far,  at  least,  as  a  slope  toward  or  from  the  river  is  con- 
cerned, and  landslides  are  rare.  So  far  as  known  there  is  but  one  bed 
of  sedimentary  material  between  the  lava  sheets  that  have  been  cut  by 
Snake  River.  If  two  such  soft  beds  arc  present,  as  is  the  case  on 
Asotin  Creek,  they  influence  the  topography  in  essentially  the  same 
way  that  a  single  sheet  would,  and  for  that  reason  the  conditions  are 
unfavorable  for  the  development  of  characteristic  landslide  topogi-aphy 
on  a  large  scale.  As  previously  stated,  the  sheet  of  soft  material  is 
at  a  depth  of  200  to  220  feet,  and,  as  on  the  south  side  of  Grande 
Ronde  River,  has  given  origin  to  a  terrace,  which  may  be  traced  for 
a  score  or  more  of  miles  along  the  walls  of  the  canyon  l)elow  the 
mouth  of  Gi*audc  Ronde  River  and  into  many  of  the  smaller  tributary 
canyons  and  gulches.  This  terrace  is  almost  everywhere  deeply  cov- 
ered with  fallen  debris,  and  frequently  exhibits  the  characteristic 
features  of  landslide  topography.  A  typical  example  of  the  conditions 
just  referred  to  can  be  seen  on  the  east  side  of  Snake  River  between 
Lewistonand  the  mouth  of  Tammany  Hollow,  where  the  dip  of  the  lava 
sheets  beneath  the  Lewiston  and  Clarkston  plateaus  brings  the  soft 
layer  w^hich  gives  rise  to  the  landslides  down  to  within  a  few  hundred 
feet  of  the  level  of  the  river.  On  the  opposite  side  of  the  river  is 
Swallow  Rock,  a  displaced  block  of  lava  of  unusually  large  size  and 
massiveness,  the  surface  of  which  slopes  steeply  downward  toward  the 
cliff  from  which  it  broke  away. 

Landslides  are  abundant  throughout  the  course  of  Clearwater  River 
and  its  principal  tributiiries  where  they  have  cut  canyons  in  the  lav^a, 
and  are  especially  nuuierous  in  the  vicinity  of  Kamiah,  where  they 
impress  their  peculiar  features  on  the  scenery  of  the  bluffs,  which  for 
several  miles  face  the  river  on  each  side.  The  lava  sheets  are  there 
nearly-  horizontiil,  but  at  a  depth  of  about  800  feet,  and  contain  an 
unusuallv  thick  laver  of  frial)le  sandstone  which  has  caused  almost 
innumerable  landslides.  The  exceptional  breadth  of  this  portion  of 
the  canyon,  which  is  a  beautiful  vale  2  or  3  miles  wide,  with  pleasingly 
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diversified,  tree-clothed  bordering  bluffs  1,800  feet  high,  is  due  to 
the  widening  of  the  once  naiTow  gorge  by  the  falling  of  its  walls.  The 
irregularities  which  landslides  give  to  the  escarpments,  and  the  subdued 
effect  of  their  slopes  from  the  same  cause,  are  illustrated  in  PL  IX.  A, 
a  view  of  the  eastern  side  of  Kamiah  Vale  near  the  village  from  which 
it  derives  its  name. 

In  th6  description  on  page  39,  of  the  occurrence  of  lignite  and  it< 
associated  sedimentary  beds  near  Orofino  and  along  the  creek  of  the 
same  name,  mention  was  made  of  the  numerous  displaced  rock  mas.<es 
in  that  region.  The  borders  of  the  canvon  of  Orofino  Creek  not 
only  owe  the  minor  features  of  their  topography  to  landslides,  but 
the  character  of  the  entire  canj'^on  has  been  modified  by  them.  There 
is  an  outer  canyon,  bordered  b}^  cliffs  and  steep  talus  slopes,  from  7<m> 
to  800  feet  high.  At  the  base  of  these  rugged  walls,  in  which  the 
edges  of  horizontal  sheets  of  lava  appear,  there  is,  on  each  side  of  the 
creek,  an  irregular  terrace-like  belt  a  mile  or  more  wide,  the  surface 
of  which  shows  the  ridges,  hills,  and  basins  characteristic  of  landslide 
topography.  This  broken  country  is  from  400  to  500  feet  above  the 
stream  which  flows  through  it  in  a  steep-sided  inner  canyon.  At  a  few 
localities  the  landslides  have  obstructed  the  river  and  caused  it  to  flow 
swiftly  through  narrow  defiles.  In  one  of  these  rapids,  about  6  mile? 
from  the  mouth  of  the  creek,  the  water  descends  92  feet  in  a  distjince 
of  about  500  feet. 
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Fig.  4.— Sections  of  cliffs  with  Ijindslidi-.s. 

On  the  North  Fork  of  Clearwater  River,  opposite  the  mouth  of  Elk 
Creek,  the  canvon  wall  exhibits  the  characteristic  feature  that  land- 
slides  give  to  precipitous  escarpments,  and  the  cause  of  the  numerou^ 
slides  is  revealed  by  the  presence  of  sand  and  lignite  in  the  fallen 
masses.  It  is  stated  that  at  this  locality  some  movement  in  the  dis- 
placed blocks  near  the  river  has  been  recognized  in  recent  years. 

It  is  perhaps  unnecessary  to  attempt  to  give  additional  examples  of 
the  changes  produced  in  canyons  by  the  falling  of  their  walls,  for  thev 
are  so  numerous  that  once  the  meaning  of  the  ridges  and  basins  j>o 
common  on  steep  slopes  is  suggested  a  person  can  readily  intei-prct 
them  for  himself.  The  manner  in  which  the  faces  of  cliffs  break  awav 
and  the  displaced  masses  descend  the  slopes  below  is  illustrated  in  a 
general  way  in  fig.  4.  At  a  the  nature  of  the  canyon  walls  where  not 
modified  by  landslides  is  indicated,  the  stmtification  being  horizontal 
and  the  lava  sheets  separated  in  a  single  instance  by  a  sedimentary  Ixed: 
at  J  a  single  block  has  fallen;  at  c  two  slides  have  descended;  and  at  d 
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an  attempt  has  been  made  to  indicate  roughly  the  nature  of  the  canyon 
walls  where  many  slides  have  occurred  and  where  much  loose  material 
encumbers  the  slope.  The  last  figure  (d)  illustrates  in  a  rude  wa}'  the 
condition  of  the  precipitous  slope  throughout  the  greater  part  of  the 
lava-covered  portion  of  the  Nez  Perce  region.  The  most  noticeable 
feature  in  a  landslide  that  has  come  to  rest  is  the  slope  of  the  surface 
of  the  fallen  mass  toward  the  cliff  from  which  it  broke  awav.  This 
chai-acteristic  backward  slope  is  pronounced  not  only  in  solid  blocks 
which  still  retain  their  stratification,  but  in  masses  of  dislodged  frag- 
ments, and  it  gives  origin  to  basins  which,  as  already  noted,  are 
frequenth"  tmnsfoi'med  into  lakes  and  swamps. 

The  back  slope  in  the  landslides  in  the  Columbia  River  lava  is  fre- 
quently from  3.  to  5  degrees,  but  may  reach  20  or  more  degrees.  This 
peculiar  feature  seems  to  be  due  to  the  fact  that  the  friction  of  the 
sliding  mass  causes  its  forward  portion  at  the  base  to  be  retarded  so 
that  it  is  overridden  bv  the  material  in  its  rear.  Where  the  base  of 
the  displaced  portion  is  of  soft  material  it  is  pressed  outward  to  the 
front  of  the  descending  mass  and  is  sheared  and  overthrust  so  as  to 
become  thickened.  For  this  reason  the  thickness  of  the  soft  layers  in 
the  fallen  masses  is  deceptive  and  might  lead  to  erroneous  conclusions 
regarding,  for  instance,  the  importance  of  a  lignite  bed. 

The  general  reason  that  landslides  are  more  frequent  and  usually 
of  larger  size  on  Clearwater  River  and  its  main  tributaries  than  along 
Snake  River  is  that  the  soft  beds  to  which  the  landslides  are  largely 
due  are  thicker  and  more  numerous  the  nearer  one  approaches  the 
mountains  from  which  the  streams  brought  debris  and  deposited  it  on 
the  Columbia  River  lava.  The  beds  of  water-laid  debris  are  of  the 
nature  of  wedges,  which  are  not  only  most  numerous  but  thickest  and 
coarsest  at  the  margin  of  the  lava-covered  country  adjacent  to  uplands, 
and  thin  out  and  become  finer  as  its  central  region  is  approached. 
These  stream-laid  deposits  ma}'  merge  with  lacustral  sediments,  in 
which  event  other  conditions  favoring  landslides  would  result.  In 
addition  to  the  presence  of  beds  of  soft  material  between  the  Java 
sheets,  conditions  favoring  the  occurrence  of  landslides  are  produced, 
ks  already  explained,  where  the  sheets  have  been  tilted. 

So  constant  is  the  relation  between  landslides  and  the  presence  of 
sedimentary  beds  or  sheets  of  volcanic  dust  and  lapilli  in  the  Colum- 
bia River  lava,  pai-ticularly  where  the  sheets  are  horizontal,  that  the 
landslides  furnish  an  indication  of  the  extent  and  thickness  of  the  soft 
layers. 

LAKE  WAHA. 

■ 

The  only  water  body  in  the  Nez  Perce  region  worthy  to  be  termed  a 
lake  is  18  miles,  in  a  direct  line,  southeast  of  Lewiston  and  at  the  base 
of  the  northeastw^ard-facing  escarpment  of  Cmig  Mountain.  The  lake 
is  not  only  an  exceptional  feature  in  the  deeply'  sculptured  land  where 
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it  occurs,  but  it  is  surrounded  b}'  attractive  scenery  and  is  charming  in 
many  ways.     It  occupies  a  steep-sided  valley  eroded  b}-  Waha  Creek, 
which  has  been  obstructed  bv  landslides  and  has  an  area,  as  determined 
b}^  surveys  made  by  Mr.  E.  H.  Libby ,  president  and  general  manager  of 
the  Lewiston  Water  and  Power  Company,  of  approximately  100  acres, 
and  a  maximum  depth  of  90  feet;  the  average  depth  is  about  60  feet. 
It  has  no  surface  outlet,  but  its  waters  escape  through  the  great  iiuiss 
of  broken  stones  which  retain  it  and  comes  to  the  surface  in  springs 
of  large  volume.     The  main  landslide  which  obstructs  the  valley  came 
from  the  precipitous  slope,  now  covered  with  forest,  to  the  southwest 
of  the  northern  border  of  the  lake,  and  still  presents  the  chai-acteris- 
tics  of  what  may  be  termed  a  landslide  scar.     At  the  base  of  this  steep 
slope  there  is  a  narrow,  curving,  trench-like  depression,  convex  to  the 
north,  on  which  side  it  is  bordered  by  the  back  slope  of  the  mas.s  that 
fell.     This  trench  has  an  irregular  bottom;  and  although  it  is  probably 
at  no  point  more  than  20  feet  above  the  lake's  surface,  and  is  open  at 
both  ends,  it  never  was  occupied  as  a  channel  of  discharge  for  the  lake 
waters.     The  surface  of  the  fallen  mass,  which  occupies  perhaps  30  to 
40  acres,  is  irregular  and  hilly,  with  elevations  that  rise  from  Km)  to 
150  feet  above  the  lake's  surface.     It  contains  several  basins,  two  of 
which  are  occupied  by  ponds  fed  by  springs  and  by  percolation.     Mid- 
dle Lake,  about  1  at  re  in  area,  is,  by  aneroid  measurement,  20  feet 
lower  than  Lake  Waha;  the  lowest  point  on  its  rim,  where  a  wagon 
road  now  tniverses  it,  is  60  feet  above  its  surface  and  200  feet  al>ove 
the  surface  of  Mud  Lake,  which  occupies  an  adjoining  basin.     The  last- 
named  lake  has  an  estimated  area  of  2  acres,  and,  like  its  companion,  is 
without  surface  outlet. 

The  lava  sheets  which  form  the  steep  slope  of  Craig  Mountain  in  the 
vicinity  of  Waha  dip  northward  at  a  steep  angle,  and  have  at  legist  one 
bed  of  gravel  inters tratilied  with  them.  The  presence  of  a  bed  of  vol- 
canic dust  or  of  clay  charged  with  that  material,  although  nowhere 
exposed,  is  indicated  by  the  color  of  the  water  in  the  largest  lake.  A 
peculiarity  of  springs  that  come  from  beds  of  volcanic  dust  is  that 
their  waters  are  milky  or  opalescent  in  appeai'ance,  due  to  the  exces-*- 
ively  small  particles  of  volcanic  glass  held  in  saspension.  The  waters 
of  Lake  Waha  have  this  appearance,  and  probably  are  supplied  in  piirt 
by  springs  issuing  from  deposits  of  volcanic  dust.  The  dip  of  the  lava 
sheets  in  the  escarpment  rising  to  the  south  and  southwest  of  the  lake 
is  toward  the  valley  it  occupies,  which,  with  the  presence  of  sediment- 
ary beds,  and  probably  also  of  sheets  of  volcanic  dust,  is  favorable  to 
the  occurrence  of  landslides.  The  only  exceptional  feature  counecteil 
with  the  landslides  at  this  locality  is  that  they  descended  into  a  nar- 
row valley,  so  as  to  completely  dam  it.  The  waters  rose  above  the 
dam.  Imt  as  it  is  composed  mainly  if  not  entirely  of  rock  fragments, 
an  escape  by  percolation  was  established  before  a  surface  outlet  wasi 


KCS8ELL.]  PHYSIOGRAPHY.  81 

reached.  On  account  of  the  failure  of  the  water  to  overflow,  it  could 
not  cut  down  a  channel  so  as  to  drain  the  lake,  as  has  occurred  in  other 
similar  instances.  The  lake  has  thus  been  preserved,  and  is  a  typical 
illustration  of  a  class  of  water  bodies  held  by  landslides.  The  larger 
lake  differs  from  the  smaller  ones  near  it  in  that  it  is  retained  by  a 
landslide  which  descended  into  a  previously  eroded  valley,  while  the 
smaller  lakes  are  of  the  same  type  as  hundreds  of  lakelets,  swamps, 
and  waterless  deprejssions  on  the  surface  of  fallen  rock  masses,  which 
mav  be  termed  true  landslide  basins. 

The  largest  spring  fed  by  Lake  Waha  discharges  about  15  cubic  feet 
of  water  per  second,  which  is  now  conducted  into  a  ditch  and  used  for 
irrigation.  A  fall  of  several  hundred  feet  could  be  made  available  for 
this  water,  and  it  might  then  be  used  for  power;  in  fact,  a  small  mill 
was  formerly  turned  by  it.  This  and  other  plans  for  utilizing  the 
water — among  them,  the  supplying  of  Lewiston — have  been  consid- 
ered by  engineers.  The  main  difficulties  developed  by  the  investiga- 
tions are  the  loose  condition  of  the  natural  dam  and  the  precipitous 
character  of  the  borders  of  the  lake,  which  render  it  impracticable  to 
greatly  increase  its  size. 

TOPOGRAPHY  OF  THE  LEVEL  PLATEAUS. 

There  are  certain  features  in  the  relief  of  the  level  plateaus  under- 
lain by  the  Columbia  River  lava,  such,  for  example,  as  the  Uniontown 
Plateau  and  the  country  in  the  vicinity  of  Pullman,  Garfield,  and  else- 
where in  Washington,  which  merit  attention.  The  plateaus  referred 
to,  it  will  be  remembered,  are  covered  with  a  sheet  of  residual  soil, 
usually  from  50  to  100  or  more  feet  thick,  and  are  not  smooth  plains, 
but  nearly  everywhere  exhibit  well-marked  variations  in  relief.  In 
traveling  over  them  one  crosses  a  seemingly  endless  succession  of  hills 
and  valleys  which  have  differential  elevations  of,  in  general,  from  50  to 
150  or  200  feet.  The  topography  is  undulating,  the  hills  forming  con- 
vex elevations  with  steep  sides,  and  the  valleys  forming  concave  basins. 
A  marked  feature  is  the  absence  or  extreme  rarity  of  basins  without 
outlets,  such  as  sinkholes.  It  is  evident  from  the  gradients  of  the 
valleys,  notwithstanding  they  are  gentle,  that  if  rain  water  could  be 
held  at  the  surface  of  the  soil  a  complete  system  of  streams  would  be 
formed  and  lakes  would  be  rare  or  entirely  absent.  The  valleys,  how- 
ever, in  cross  section  have  rounded  bottoms,  and  in  most  instances  are 
without  stream  channels.  The  convex  slopes  of  the  hills  merge  by 
insensible  gradations  into  the  concave  curves  of  the  troughs  between 
them.  The  hills  and  vales  alike  are  composed  of  fine,  rich  soil,  and 
no  rock  fragments  attract  attention,  except  in  rare  instances,  where 
the  hills  are  unusually  precipitous. 

The  character  of  the  relief,  however,  may  perhaps  be  indicated  more 
clearly  by  saying  that  it  is  such  as  stream  erosion  gives  to  regions  com- 
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posed  of  soft  rocks  where  weathering  is  rapid,  but  it  has  lost  all  of 
the  small  features  due  to  the  work  of  creeks,  brooks,  and  rills.  The 
stream  courses  have  long  been  abandoned,  and  the  movement  of  the 
soil  on  the  bordering  slopes,  the  beating  of  rain,  the  influences  of  frost, 
vegetation,  etc.,  have  subdued  and  to  a  great  extent  obliterated  the 
minor  inequalities  due  to  stream  erosion.  It  is  evident  from  the  nature 
of  the  larger  elements  in  the  topography,  especially  from  the  gradients 
of  the  shallow  valleys,  which  are  such  as  would  furnish  complete  drain- 
age in  case  water  could  be  held  at  the  surface,  that  streams  at  one  time 
meandered  over  these  nearly  level  plateaus.  The  valleys,  however, 
have  long  been  abandoned  as  avenues  of  drainage,  and  may  be  said  to 
be  slowly  crumbling  to  ruin.  One  reason  for  this  change,  but  perhaps 
not  the  most  important,  seems  to  be  that  rock  disintegration  and  decay 
have  been  in  excess  of  transportation,  and  such  a  depth  of  porous  soil 
and  subsoil  has  been  produced  that  the  rain  water  is  entirely  absorbed 
b}'  percolation  and  evaporation,  thus  robbing  it  of  the  power  to  cor- 
rade.  With  the  increase  in  depth  of  residual  material  there  very  likely 
was  a  decrease  in  rainfall  which  hastened  the  disappearance  of  surface 
streams. 

As  already  stated,  the  sedimentary  layers  and  beds  of  volcanic  dust 
between  the  sheets  of  Columbia  River  lava  in  numerous  instances  con- 
tain abundant  impressions  of  the  leaves  of  Tertiary  plants,  and  it 
seems  safe  to  assume  that  the  last  and  highest  lava  sheet  was  poured 
out  before  the  closer  of  that  period.  This  being  so,  the  lava  plateaus 
have  been  exposed  to  the  atmosphere  throughout  Pleistocene  and 
Recent  times,  and  have  experienced  the  climatic  changes  which  gave 
character  to  the  Glacial  epoch.  In  harmon}"^  with  this  conclusion  i> 
the  fact  that  the  surfaces  of  the  plateaus  have  been  exposed  to  the  air 
throughout  the  immense  length  of  time  that  witnessed  the  excavation 
of  the  neighboring  canyons.  There  is  abundant  evidence  to  show  that 
glaciers  did  not  reach  the  Nez  Perce  region  or  the  Palouse  country, 
although  they  did  exist  during  the  Glacial  epoch  on  the  Cascade 
Mountains  to  the  west  and  on  the  Rocky  Mountain  ranges  to  the  esst 
It  may  reasonably  be  assumed  that  the  atmospheric  changes  which 
gave  origin  to  extensive  glaciers  on  the  mountains  gave  to  the  inter- 
vening lowlands  a  cold  and  humid  climate.  Since  the  glaciers  disap- 
peared or  have  been  greatly  reduced  in  size,  the  climate  of  the  lava 
plateaus  has  become  waimer  and  less  humid.  In  a  general  way^  then, 
it  seems  safe  to  refer  the  erosion  of  the  level  lava  plateaus  which  gave 
them  their  moderately  rough  surfaces  to  the  Glacial  epoch,  when  pre- 
cipitation was  greater  than  now.  The  decrease  in  the  size  of  the 
streams  and  the  disappeaiunce  of  all  but  the  larger  ones  may  be  cor- 
related with  the  climatic  changes  which  followed  the  Glacial  epoch  and 
which  still  continue.  With  the  decrease  in  the  volume  of  the  stream> 
rock  decaj'  continued,  and  the  depth  of  fine  soil  has  become  so  great 
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that  all  of  the  rainfall,  although  now  amounting  to  probably  30  or  35 
inches  a  year  on  the  higher  plateaus,  is  absorbed,  and  mechanical  ero- 
sion is  nil. 

SOLUTION  BASINS. 

Among  the  minor  physiographic  features  of  the  Nez  Perce  region 
should  be  noted  certain  shallow  depressions,  without  outlets,  in  the 
surfaces  of  the  plateau  remnants  between  the  streams  which  have  dis- 
sected the  Columbia  River  lava.  In  some  instances  these  depressions 
hold  water  during  the  rainy  season  and  become  ti'ansformed  into 
small  lakes;  but  in  summer  their  beds  are  dry,  and  perhaps  are 
coated  with  an  incrustation  of  alkaline  salts  or  are  traversed  by  a  net- 
work of  shrinkage  cracks.  Shallow  basins  of  this  character  occur  on 
the  level  plateau  about  4  miles  west  of  Waha,  and  can  be  seen  to 
advantage  from  the  neighboring  hills.  In  similar  situations  on  the 
Clarkston  Plateau,  near  where  it  merges  with  the  northeast  slope  of  the 
Blue  Hills,  are  other  shallow  basins  a  few  rods  across,  the  bottoms  of 
which  are  grass  covered  and  do  not  retain  water  so  as  to  form  lakelets. 
In  one  of  these  basins  a  few  trees  are  growing,  but  the  surrounding 
plateau  is  a  prairie.  On  the  Camas  Prairie  also,  to  the  southwest  of 
Denver,  several  small  sheets  of  water  can  be  seen  from  Cottonwood 
Butte  and  other  neighboring  elevations.  While  several  of  these  are 
artificial  ponds,  there  is  at  least  one  natural  lake  in  a  depression  in  the 
generally  level  surface.  Other  shallow  basins  of  a  similar  nature, 
which  are  wet  and  swampy  during  the  winter  or  are  grass  covered  and 
possibly  have  trees  growing  in  them,  will  be  recalled  by  those  who  are 
familar  with  the  region  referred  to. 

These  basins  are  of  the  nature  of  the  sinkholes  or  shallow  depressions 
common  in  limestone  regions,  and  owe  their  existence  mainly  to  the 
dissolution  of  the  rocks  through  the  agency  of  rain  water,  which  escapes 
through  fissures  or  other  openings  in  their  floore.  After  a  depression 
has  been  produced  by  the  enlarging  of  a  fissure,  the  subterranean 
channels  may  become  closed,  by  the  washing  into  them  of  the  surface 
soil,  so  as  to  prevent  the  downward  escape  of  water,  in  which  case 
the  sinkhole  will  be  changed  to  a  lake.  In  humid  regions  such  lakes 
are  frequently  perennial,  but  where  the  rainfall  is  small,  or  where 
there  is  an  alternation  of  wet  and  dry  seasons,  they  are  likely  to  be 
ephemeral. 

It  should  be  remembered  that  the  solution  basins  referred  to  occur 
on  flat  areas,  and  they  should  not  be  confounded  with  the  somewhat 
similar  and  much  more  common  basins  produced  by  landslides. 

TORRENT-BUILT  LEVEES. 

In  the  Nez  Perce  region,  as  in  many  countries  having  a  small 
mean  annual  rainfall,  there  are  occasional  torrential  rains,  locally 
termed  cloudbursts.     These  occur  at  long  intervals,  and  are  local  in 
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their  extent.  Frequently  they  leave  records  of  their  occurrence  which 
endure  for  many  years.  Among  the  most  conspicuous  changes  pro- 
duced by  the  rush  of  water  down  steep  declivities  which  had  previ- 
ously become  covered  with  a  sheet  of  residual  soil  and  angular  rock 
fragments,  are  alluvial  cones  and  parallel  ridges  formed  of  angular 
stones  left  on  the  sides  of  the  ephemeral  torrents.  The  alluvial  cones 
frequently  have  channels  on  their  surfaces,  showing  that  the  water 
flowed  over  them  in  streams  which  at  times  bifurcated,  or  abandoned 
well-formed  channels  with  raised  borders  and  built  new  ones.  The 
most  striking  results,  however,  are  where  streams  originated  on 
declivities  of  10  to  15  and  in  places  20  to  30  degrees  angle,  and  built 
parallel  embankments  of  angular  stones  from  a  few  inches  to  2  or  3 
feet  in  height.  In  these  instances  the  swift  streams  were  overloaded 
with  coarse  material,  which  was  deposited  partly  on  their  bottoms  but 
principally  on  their  borders,  forming  levees  which  tended  to  confine 
the  water  to  narrow  channels.  A  typical  example  of  these  torrent- 
built  levees  was  observed  on  the  sides  of  the  canyon  of  Captain  John 
Creek,  where  in  1897  there  occurred  a  local  storm  which  gave  birth  to 
streams  that  continued  less  than  an  hour,  on  slopes  of  20  to  35  degrees 
angle.  The  channels  of  these  streams  are  still  clearly  defined,  in  fact 
are  almost  as  fresh  as  when  the  waters  left  them.  Their  width  varies, 
but  in  general  they  are  from  1  to  3  feet  across,  and  the  sharp-crested 
ridges  of  stones  piled  up  on  their  sides  are  from  24  to  30  inches  high, 
with  a  width  at  the  base  but  little  greater  than  their  height.  The 
stones  in  the  ridges  are  angular,  and  are  of  all  sizes  up  to  5  inches  (in 
some  instances  8  inches)  in  diameter.  In  some  cases  a  torrent  broke 
through  one  of  its  embankments  and  sent  off  a  distributary,  which  also 
built  a  well-defined  pair  of  levees  of  angular  stones.  These  parallel 
ridges  arc  of  the  same  general  character  as  the  levees  of  alluvial- 
depositing  rivers,  as,  for  example,  the  Mississippi  in  its  lower  course, 
but  are  sharp  crested  and  are  formed  of  angular  stones  with  large 
spaces  between  them.  The  temporary  torrents  were  evidently  over- 
loaded with  d6bris,  except  in  their  swift  central  portions.  As  soon  as 
the  water  which  had  gathered  into  a  stream  began  to  spread,  it  lost 
velocity  as  well  as  depth;  the  stones  previously  swept  along'  were 
dropped,  and  an  embankment  was  formed  which  tended  to  confine  the 
current  within  narrow  limits  and  thus  enable  it  to  buildup  its  embank- 
ments. The  small  levees  referred  to  occur  on  slopes  where  previously 
there  were  no  stream  channels.  In  the  natural  waterwavs  the  flood> 
were  high  during  the  storm  referred  to.  Captain  John  Creek,  which 
in  summer  is  a  brook  across  which  one  can  step,  increased  in  a  few 
minutes  to  a  roaring  flood  charged  with  the  branches  and  trunks 
of  trees  and  thick  with  mud  from  8  to  10  feet  deep,  sweeping  along 
large  bowlders  in  its  path.  The  previously  formed  flood  plain,  which 
was  under  cultivation  in  at  least  one  localitj^  was  largely  washed  away 
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and  new  deposits  of  coarse  gravel  were  laid  down.  Similar  floods 
have  occurred  in  neighboring  canyons,  as  has  been  noted  in  the  case 
of  Asotin  Creek,  and  torrent-built  levees  like  those  described  can  be 
seen  on  some  of  the  steep  slopes  along  the  course  ot  Grande  Ronde 
River. 

In  Part  II  of  this  paper,  published  as  Water-Supply  and  Irrigation 
Paper  No.  54,  will  be  found  discussions  of  the  water  suppl}'  and  the 
economic  geology  of  the  Nez  Perce  region,  also  tables  of  elevations 
in  the  county  (Appendix  A),  and  notes  concerning  Portland  cement 
(Appendix  B). 

[For  index,  see  end  of  Part  II,  Water-Supply  Paper  No.  54.] 
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GEOLOGY  AND  WATER  RESOURCES  OF  NEZ  PERCE 

COUNTY,  IDAHO. 

PART  II. 


By  Israel  C.  Russell. 


WATER  SUPPLY. 

The  sources  of  water  supply  in  the  Nez  Perce  region  are  streams, 
springs,  wells,  and  cisterns.  Of  these  special  attention  can  be  given 
here  to  only  the  springs  and  the  drilled  wells,  for  it  is  from  these  that 
the  water  supply  must  be  supplemented.  There  are  splendid  rivers 
of  clear,  wholesome  water  flowing  through  this  country,  but  they  are 
in  deep  valleys  and  in  canyons  with  steep,  rugged  walls,  and  for  the 
most  part  are  practically  unavailable  for  economic  purposes,  on 
account  of  the  expense  of  pumping  or  of  constructing  aqueducts 
which  will  conduct  the  water  to  where  it  can  be  used.  Although 
the  utilization  of  the  surface  waters  can  not  be  considered  in  detail 
in  this  report,  a  brief  account  of  what  has  been  accomplished  in  that 
direction  will  be  serviceable  as  indicating  the  needs  of  an  increased 
water  supply.  In  this  region  water  is  used  for  navigation,  irrigation, 
town  supply,  power  purposes,  household  use,  and  the  watering  of 
stock. 

The  first  of  these,  navigation,  may  be  dismissed  for  the  present 
with  the  statement  that  Snake  River  is  the  only  stream  that  is  navi- 
gable or  that  it  is  practicable  to  render  navigable,  on  a  commercial 
scale,  for  steamboats: 

Fortunately,  the  rainfall,  on  account  of  the  retentive  character  of 
the  soil,  is  sufficient  to  insure  good  crops  on  all  but  the  lowest  plateaus 
and  on  the  canyon  walls;  but  in  most  places  the  results  could  be  made 
still  more  satisfactory  if  recourse  could  be  had  to  irrigation,  espe- 
cially during  the  height  of  the  dry  season.  The  areas  where  irriga- 
tion is  now  practiced  are  small,  and  most  of  them  are  along  the 
borders  of  Snake  and  Clearwater  rivers.  By  far  the  most  important 
and  successful  attempt  that  has  been  made  to  utilize  the  streams  is 
the  ditch  constructed  by  the  Lewiston  Water  and  Power  Company, 
which  diverts  water  from  Asotin  Creek  about  6  miles  above  its  mouth 
and  at  an  approximate  elevation  of  665  feet  above  Snake  River  at 

Asotin,  and  conducts  it  14^  miles  to  Clarkston,  where  part  of  it  is 
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distributed,  through  underground  mains  and  laterals,  for  town  pur- 
poses and  irrigation.  The  upper  6^  miles  of  the  system  is  a  flume  6 
feet  wide  and  3^  feet  deep,  with  a  grade  of  10.56  feet  to  the  mile. 
This  flume  is  on  the  steep  northern  wall  of  Asotin  Canyon,  and  is 
carried  across  the  numerous  lateral  gulches  on  trestles.  The  lower  8 
miles  of  the  system  is  a  canal  6  feet  wide  at  the  bottom  and  16  feet 
wide  at  the  top,  with  a  depth  Df  5  feet  and  a  grade  of  2.12  feet  to  the 
mile.     The  estimated  capacity  is  127  cubic  feet  per  second. 

Lewiston  is  supplied  with  water  by  a  pumping  station  in  the  eastern 
portion  of  the  city,  which  takes  water  from  Clearwater  River.  Asotin 
derives  its  water  supply  principally  from  a  gravity  system  supplied 
by  ditches  which  divert  water  from  Asotin  Creek,  but  surface  wells  are 
also  in  use  there.  Asotin  Creek  also  supplies  power  for  an  electric- 
light  plant,  from  which  electricity  for  illumination  is  distributed  to 
Asotin,  Clarkston,  and  Lewiston.  Flouring  mills  in  Asotin  and  Lew- 
iston are  run  by  water  power.  Additional  sources  of  water  power 
which  are  not  yet  utilized  but  which  demand  careful  investigation, 
are  to  be  found  on  Grande  Roude  River,  at  Waha,  and  along  Salmon 
River  and  Orofino  Creek.  For  household  purposes  in  villages  and  on 
farms  recourse  is  had  in  most  instances  to  ordinary  surfa<;e  wells, 
and  in  favored  localities  to  springs  and  streams.  The  surface  wells 
on  the  lava  plateaus  derive  their  water  from  the  residual  soil  and  sub- 
soil, as  a  rule  at  a  depth  of  from  30  to  50  feet,  but  the  supply  is  fre- 
quently small  and  not  of  good  quality,  on  account  of  mineral  matter 
in  solution.  Drilled  wells  have  been  put  down  in  a  few  cases,  and 
some  of  them,  as  will  be  noted  later,  are  very  successful. 

On  the  whole,  despite  the  large  volumes  of  the  streams,  which,  as 
already  stated,  it  is  impracticable  to  utilize  except  in  a  few  instances, 
there  is  a  dearth  of  water  in  this  region,  and  there  is  urgent  need, 
particularly  on  the  plateaus  where  grain  is  so  largely  grown,  of  wat*er 
for  household  use,  for  the  irrigation  of  gardens  and  orchards,  and  for 
watering  stock;  also  to  supply  villages,  in  order  that  the  surface  wells 
may  be  abandoned  and  sanitary  drainage  established.  And  it  is 
hoped  that  the  improvement  of  springs  and  the  sinking  of  artesian 
wells  will  furnish  relief  in  many  instances. 

SPRINGS. 

At  the  bottom  and  on  the  sides  of  the  canyons  and  gulches  exca- 
vated in  the  Columbia  River  lava,  water  issues  a*  springs  at  many 
localities,  but  as  a  rule  soon  disappear,  owing  to  the  quantities  of 
loose  material  mantling  the  surface.  These  springs  are  supplied  by 
water  percolating  through  porous  beds  composed,  in  most  instances,  of 
gravel,  sand,  or  volcanic  dust,  and,  less  commonly,  of  the  scoriaceous 
portions  of  the  lava  sheets  themselves.  The  source  of  the  water 
where  the  porous  beds  are  in  the  upper  portion  of  the  Columbia 
River  lava  and  where  it  has  been  dissected  by  streams  to  the  depth 
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of  the  porous  beds  or  lower,  as  in  the  case  of  the  Clarkston,  Lewiston, 
Camas,  and  Kamiah  plateaus,  is  the  rain  falling  on  the  broad  inter- 
stream  areas.  The  rain  water  is  absorbed  by  the  deep  jwrous  soil 
and  subsoil,  which  usually  is  traversed  by  vertie«l  tubes,  as  explained 
in  Part  I,  and  finds  its  way  through  the  surface  sheets  of  lava,  for 
they  usually  are  more  or  less  decayed  and  broken  by  joints,  and  thus 
rea^lily  reaches  any  porous  beds  which  may  be  present  in  the  upper 
portion  of  the  lava  formation. 

In  some  cases,  however,  e.  g.,  where  the  strata  dip  away  from  a 
canyon  wall,  as  along  the  south  side  of  Clearwater  River  throughout 
tlie  lower  20  miles  of  its  course  and  on  the  south  side  of  Snake  River 
l)etween  Clarkston  and  Alpowa,  the  rain  water  falling  on  the  exposed 
edges  of  the  ix)rous  layers  in  the  canyon  walls,  or  reaching  them  by 
flowing  down  the  slopes  above,  follows  the  inclined  beds  and  comes 
to  the  surface  in  the  next  canyon,  in  the  direction  of  the  slope,  which 
is  sufficiently  deep.  In  the  neighborhood  of  the  mountains  border- 
ing the  region  occupied  by  the  lava,  the  gravel  l>eds  l)etween  the 
layers  extend  up  the  valleys  to  the  uplands,  and  there  are  abundantly 
water  charged.  Wherever  such  beds  have  been  cut  by  erosion, 
springs  appear.  The  conditions  favoring  the  origin  of  springs  are 
increased  in  a  most  important  manner  by  the  fact  that  at  least  one 
widely  spread  bed  of  sand  and  gravel  in  the  upper  portion  of  the  lava 
formation  is  underlain  by  a  thick,  impervious  layer  of  clay.  This 
double  layer,  consisting  of  sand  and  gravel  above  and  clay  below, 
as  already  described,  underlies  the  Uniontown  and  the  Lewiston- 
Clarkston  plateaus,  and  probablj"^  extends  eastwartl  to  the  border  of 
the  Columbia  River  lava.  The  depth  of  the  surface  of  the  sand  and 
gravel  varies  from  150  to  350  feet.  The  most  definite  sections  show- 
ing its  position  and  character  are  furnished  by  the  well  on  Ira  Small's 
ranch  and  by  the  exposure  in  a  neighboring  gulch. 

As  already  explained,  this  soft  layer  has  influenced  the  topography 
of  the  canyon  walls  over  a  wide  extent  of  country,  and  its  position  in 
many  localities  is  indicated  approximate!}'  by  the  pi-esence  of  a  ter- 
race on  otherwise  precipitous  slopes.  Near  the  heads  of  small  canyons, 
where  they  first  reach  the  horizon  of  the  surface  of  the  clay  beneath 
the  sand  and  gravel  member  of  the  sedimentary  deposit,  springs  fre- 
quently are  present.  Their  occurrence  at  these  localities  is  due  to 
the  fact  that  the  edge  of  the  porous  bed  is  there  most  often  exposed. 
Owing  to  the  quantities  of  more  or  less  disintegrated  rock  encumber- 
ing the  terrace,  and  especially  the  thick  talus  piles  and  landslides  on 
its  border  adjacent  to  the  cliffs  rising  above  it,  the  water  which  flows 
out  is  lost  to  view.  There  is  no  doubt  that  if  this  surface  d6bris 
could  be  removed  an  abundant  outflow  of  water  would  be  obtained 
in  many  places  where  now  there  is  no  sign  of  its  presence.  This  per- 
haps seemingly  bold  statement  is  sustained  by  the  fact  that  in  pros- 
pecting for  lignite  on  S.  C.  McNeil's  ranch,  in  Grande  Ronde  Canyon, 
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a  tunnel  was  driven  in  a  most  unpromising  locality  so  far  as  water  was 
concerned — in  a  landslide — ^and  encountered  such  a  volume  of  water 
as  seriously  to  impede  mining  operations. 

A  typical  illustration  of  the  class  of  springs  referred  to  is  furnished 
at  the  head  of  a  small  gulch  opening  into  the  valley  of  Clearwater 
River  near  the  Small  ranch.  Here,  as  already  explained,  erosion 
has  cut  through  a  layer  of  sand,  about  60  feet  thick,  resting  on  clay. 
Springs  appear  at  the  surface  of  the  clay,  and  the  natural  conditions 
have  been  improved  by  the  removal  of  the  loose  rocks  which  had 
fallen  in  from  above,  and  the  placing  of  a  pipe  for  conducting  the 
water  away.  The  strata  dip  southward,  or  away  from  the  escarpment 
overlooking  Clearwater  River.  The  intake  of  the  layer  of  sand  is 
principally  on  the  north  face  of  the  escarpment,  and  its  flow  through 
the  bed  is  southward,  down  the  slope.  As  will  be  more  fully  described 
further  on,  the  water  supply  in  this  instance  could  be  still  further 
increased  b}'  excavating  a  tunnel,  or  ''  horizontal  well,"  in  the  base  of 
the  sand  layer,  in  a  direction  (eastward)  at  right  angles  to  its  dip. 

Other  examples  of  springs  similar  to  the  one  just  described  are  to 
be  seen  near  the  heads  of  several  of  the  gulches  which  open  into  Asotin 
Creek  within  a  radius  of  10  miles  of  the  town  of  Asotin.  In  the  region 
referred  to  there  are  well-defined  terraces  about  120  and  260  feet  below 
the  general  level  of  the  adjacent  plateaus,  each  of  which  is  due  to  a 
sedimentary  bed  interstratified  with  the  basalt.  In  descending  the 
side  gulches  leading  to  the  main  creek,  springs  are  found  when  these 
terraces  are  reached,  their  presence  usually  being  indicated  by  a 
house,  for  in  nearly  every  instance  they  have  led  to  the  location  of 
a  homestead. 

The  conditions  on  Asotin  Creek  are  repeated  along  the  '^  break '^  of 
Snake  River  Canyon,  more  particularly  on  its  west  side  between 
Asotin  and  the  mouth  of  Grande  Ronde  River,  where  a  terrace  is  pres- 
ent. Below  the  first  rim  rock,  and  apparently  dangerously  near  the 
brink  of  the  great  precipices  below  them,  several  houses  are  to  be 
seen  from  the  hills  near  Waha;  and  each  house  marks  the  location  of 
a  spring. 

Other  illustrations  of  these  conditions  might  be  offered,  and  many 
will  doubtless  suggest  themselves  to  persons  who  are  familiar  with  the 
marvelous  advances  that  have  been  made  in  the  development  of  the 
agricultural  resources  of  the  Nez  Perce  region.  But  facts  enough 
have  probably  been  offered  to  sustain  the  recommendation  which 
follows,  in  reference  to  the  practicability  of  greatly  increasing  the 
water  supply  derived  from  the  pervious  beds  cut  through  by  the 
larger  canyons  and  many  of  their  tributary  gulches. 

HORIZONTAL  WELLS. 

The  pioneer  experiment  in  this  connection  should  be  in  the  direc- 
tion of  enlarging  an  existing  spring,  as,  for  example,  the  one  at  the 
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head  of  a  nmall  gulch  near  Ira  SmaU's  ranch.  At  that  locality  a  tun- 
nel should  be  excavated  at  the  bane  of  the  sand,  its  bottom  being  at 
the  start  perhaps  2  feet  below  the  surface  of  the  underljdng  clay, 
and  carried  eastward  at  least  200  or  300  feet.  The  longer  the  tunnel 
the  greater  Mill  be  the  quantity  of  water  obtained.  In  this  and  all 
similar  instances  the  proposed  tunnel  should  run  at  right  angles  to 
the  dip  of  the  beds,  or  as  nearly  in  that  direction  as  is  practicable 
and  still  obtain  the  necessary  slope.  There  are  many  localities  nearly 
or  quite  as  favorable  as  the  one  cited,  for  example,  along  the  upper 
portion  of  the  great  escarpment  bordering  the  Uniontown  Plateau  on 
the  south,  and  particularly  near  the  heads  of  the  notches  cut  in  its 
rim,  and  again  near  the  head  of  the  gulches  tributary  to  Asotin  Creek.* 
In  Tammany  Hollow  the  same  porous  layer  which  underlies  the  Union- 
town  and  Clarkston  plateaus  is  cut  through,  and  springs  appear  at  its 
base.  It  is  the  presence  of  these  soft  beds  which  has  given  the  hollow 
its  exceptional  width  upstream  from  the  place  where  the  underlying 
sheet  of  basalt  is  exposed.  The  beds  there  dip  gently  northward,  and 
tunnels  made  for  the  purpose  of  obtaining  water  should  be  located  on 
the  south  side  of  the  valley.  As  will  be  explained  more  fully  further 
on,  it  is  desirable  either  that  two  tunnels  be  constructed,  diverging 
from  each  other  at  a  high  angle,  or  that  a  main  tunnel  be  run  directly 
into  the  bluff  at  the  base  of  the  porous  layer  and  then  branched  like 
the  letter  Y,  but  at  a  wide  angle. 

The  principal  conditions  governing  the  selection  of  a  locality  for 
excavating  a  tunnel  or  horizontal  well,  in  case  the  strata  are  essen- 
tially horizontal,  should  be  the  presence  of  a  broad  plateau  surface, 
which  will  serve  as  a  catchment  area  for  rain,  and  a  break  on  the 
border  of  such  an  area  where  the  underlying  porous  beds  are  cut 
through.  The  most  favorable  localities,  as  suggested  by  existing 
springs,  are  near  the  heads  of  small  gulches  excavated  in  the  borders 
of  broad  plateaus.  The  presence  of  a  soft  bed,  as  already  explained, 
is  usually  indicated  by  a  terrace  in  the  canyon  walls,  but  may  also  be 
discovered  by  observing  the  nature  of  the  surface  debris.  The  coarser 
sedimentary  beds  usually  contain  well-worn  pebbles  of  various  kinds 
of  rock,  among  which  white  quartz  is  frequently  conspicuous.  Such 
pebbles  mingled  with  the  surface  debris  furnish  evidence  regarding 
the  position  of  the  layer  from  which  they  came,  similar  in  all  respects 
to  that  supplied  by  * '  float "  in  ordinary  prospecting.  When  the  actual 
presence  of  a  porous  bed  has  been  determined,  its  base  must  be 
reached;  and  for  this  purpose  a  cut  will  usuall^'^  have  to  be  made  in 
the  nearly  universal  sheet  of  debris  which  mantles  the  surface.  On 
a  slope  where  the  presence  of  a  layer  of  gravel  is  revealed  in  the  sur- 
face material,  but  where  no  actual  exposures  are  in  sight,  as  is  the 
nearly  universal  rule,  the  most  practical  method  will  be  to  sink  pros- 
pecting pits  at  various  horizons  below  the  highest  level  at  which  the 
gravel  or  sand  "float"  appears,  until  the  base  of  the  layer  is  dis- 
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covered.     The  direction  and  character  of  the  proposed  tunnel  will 
depend  on  the  local  conditions. 

In  order  to  make  the  flnfigestions  just  offered  more  tangible,  flg.  5 
has  been  prepared.  Thin  figure  illustrates  most  of  the  conditions  that 
will  be  met  with  in  the  Nez  Perce  region.  It  represents  a  plateau 
<-ouLpofted  of  horizontal  lava  sheets  and  containing  one  sedimentary 
bed  near  the  surface,  which  has  been  deeply  trenched  by  erosion, 
'i'he  view  is  supposed  to  l>e  from  one  side  of  a  deep  canyon,  and  shows 
the  strata  exposed  in  the  opposite  wall  and  in  the  connecting  side 
canyon  and  gulches.  The  most  favorable  localities  for  horizontal 
wells  would  be  at  a,  b,  and  c,  and  the  general  direction  they  should 
■lake  is  indicated  by  dotted  linos.  In  each  case  two  tunnels  are  sug- 
gested, the  object  l»eing  to  intercept  as  much  of  the  percolating  waier 
as  pract.iojible.     The  length  of  the  tunnels  will  be  controlled  by  lo"'al 


Flu.  li.— Diwacted  1bv&  plBtean.  abowliis  beat 

conditions,  but  in  general,  in  the  region  al>out  Jjewiston  they  eitu  V 
extended  almost  indefinitely,  the  ratio  between  expense  anil  wmut 
supply  being  the  governing  factor. 

In  the  illustration  hori^ioiital  strata  are  indicated.  Tlie  most  fainr- 
able  conditions  would  be  furnished,  however,  where  the  strata  liencaili 
a  broad  plateau  dip  toward  a  canyon  wall  in  which  the  cut  edye  of  n 
porous  layer  is  exposed.  For  example,  if  the  strata  shown  in  fig.  5 
dipped  toward  the  point  of  view,  one  tunnel  only  would  ne«d  to  be 
run  at  a,  while  at  c  the  chance.s  of  obtaining  water  would  not  It 
worth  considering.  If  the  strata  should  be  inclined  downward  from 
right  to  left,  two  tunnels  at  a  would  be  advisable,  as  indicated,  hui 
only  one  running  in  the  direction  of  the  line  of  the  guleh  would  he 
required  at  b,  while  at  c  no  water  could  be  obtained.  The  sketch 
may  perhaps  be  considered  as  indicating  that  springs  would  occur  all 
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along  the  canyon  walls,  and  such,  to  some  extent,  would  no  doubt  be 
the  case  under  similar  conditions;  but  the  canyon  walls,  at  least  in 
the  Nez  Perce  region,  are  so  heavily  sheathed  with  debris  that  only 
an  unusually  strong  spring  can  give  surface  indications  of  its  pres- 
ence, except  near  the  head  of  a  small  gulch.  More  than  this,  when  a 
pervious  bed  is  exposed  for  miles  in  the  wall  of  a  canyon  there  is 
such  freedom  for  the  water  it  contains  to  escape  by  seepage  that 
definite  springs  are  not  likel}'  to  occur.  Near  the  heads  of  lateral 
canyons  and  gulches,  however,  the  conditions  are  different,  and  a  con- 
centration of  the  percolating  waters  is  favored.  The  writer  repeats 
the  suggestion  that  the  most  favorable  localities  for  excavating  hori- 
zontal wells  are  near  the  heads  of  small  gulches  where  pervious  beds 
are  first  cut  through. 

Considerable  sx)ace  has  been  given  to  the  consideration  of  the  con- 
ditions which  favor  success  in  searching  for  water  by  means  of  hori- 
zontal wells,  for  the  reason  that  through  the  lava-covered  portion  of 
the  Nez  Perce  region  and  a  still  greater  area  of  similar  character  in 
the  neighboring  portions  of  Washington  and  Oregon,  there  is  a  com- 
bination of  circumstances — such,  for  example,  as  deep  porous  soils  and 
subsoils  which  absorb  rain  water,  the  pi-esence  of  sedimentary  beds 
between  the  lava  sheets,  the  manner  in  which  the  surface  layers  of 
lava  are  weathered,  the  deep  canyons  with  small  lateral  branches  that 
abound,  etc. — which  justifies  the  making  of  trials  in  this  connection  at 
numerous  localities. 

In  the  last  few  pages  attention  has  been  directed  mainly  te  the  sheet 
or  sheets  of  porous  beds  near  the  surface  of  the  Columbia  River  lava, 
because  these  are  favorably  situated  te  be  supplied  by  local  precipi- 
tation. There  are  other  similar  beds,  however,  at  varying  depths, 
clown  to  more  than  3,000  feet,  as  has  previously  teen  explained,  and 
where  any  one  of  these  appears  in  a  canyon  wall  and  is  underlain  by 
an  impervious  bed  horizontal  wells  may  be  expected  to  yield  a  water 
supply.  The  most  favorable  of  these  localities  are  where  the  pervious 
beds  first  appear  as  one  descends  a  canyon  which  has  been  cut  suffi- 
ciently deep  to  reach  them. 

ARTESIAN  WELLS. 
GENERAL   PRINCIPLES. 

An  artesian  well  is  understood  to  be  an  excavation  in  the  rocks, 
usually  a  hole  a  few  inches  in  diameter  made  by  drilling,  through 
^vliich  water  rises  to  the  surface  and  overflows.  No  definite  line  can 
l>e  drawn  between  wells  that  are  truly  artesian  and  many  others  in 
wliich  water  rises  by  hydraulic  pressure,  except  in  reference  to  a  sur- 
face flow. 

The  primary  condition  necessary  to  the  obtaining  of  flowing  wat-er 
loy  drilling  is  that  water  exists  under  sufficient  pressure  to  force  it  to 
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the  surface  when  an  opening  in  made  for  its  escape.  The  force  which 
sends  the  water  to  the  surface  is,  in  most  instances,  the  pressure  of 
water  at  higher  levels;  that  is,  hydraulic  pressure.*  This  is  illus- 
trated by  the  manner  in  which  many  towns  are  supplied  with  water 
from  storage  reservoirs.  There  is  no  difference  in  principle  between 
an  artesian  well  and  the  iflow  of  water  from  a  faucet  in  one's  kitchen, 
and  a  continuous  and  nonx>erforated  tube  through  which  water  can 
rise  is  as  essential  in  the  case  of  an  artesian  well  as  it  is  in  the  water 
mains  and  laterals  of  a  city. 

Experience  has  shown  that  the  most  usual  conditions  which  permit 
the  accumulation  of  water  in  rocks  so  as  to  be  under  pressure  are  the 
presence  of  a  x>orous  bed,  such  as  gravel,  sand,  and  even  quite  com- 
pact sandstone,  or  beds  of  much  more  impervious  rock  traversed  by 
fissures  inclosed  between  two  water-tight  or  impervious  beds  or  strata, 
such  as  clay,  shale,  etc.,  and  the  series  thus  arranged  having  a  basin 
shape  or  rising  in  all  directions  from  a  central  area.  An  addi- 
tional condition  requisite  to  maintaining  a  continuous  flow  is  that  the 
upraised  edge  of  the  porous  water-charged  layer  should  be  exposed 
at  the  surface  so  that  it  may  receive  additional  water.     These  condi- 


Fio.  6.— Section  illastrating  the  chief  requisite  oonditioDS  for  artesian  wells.  A^  a  parous 
stratum;  B  and  C,  impervions  beds  below  and  above  A  acting  as  confloJng  strata;  F,  hei^sht  of 
water  level  in  the  porous  bed  A^  or,  in  other  words,  height  of  the  reservoir  or  foantain  head: 
D  and  JET,  flowing  wells  springing  from  the  porous  water-filled  bed  A.    (After  Chamberlin.) 

tions  are  illustratrcd  in  fig.  6,  an  ideal  section  indicating  the  arrange- 
ment of  rocks  to  a  depth  of  a  thousand  feet  beneath  a  valley  20  miles 
wide.  Other  sections  across  the  valley  in  any  direction  would  show 
essentially  the  same  conditions. 

Rain  falling  on  the  exposed  edge  of  the  porous  bed  A  percolates 
through  it  until  it  becomes  thoroughly  water  charged.  The  water  at 
any  point  in  the  bed  is  then  under  the  pressure  of  the  waters  at  higher 
levels,  and  if  a  hole  be  drilled,  as  at  D  or  E,  it  will  rise  and  overflow 
at  the  surface.  If  a  tube  be  connected  with  one  of  these  openings 
and  carried  up  above  it,  the  water  would  rise  in  the  tube  until  it 
stands  on  a  level  with  the  lowest  notch  in  the  rim  of  the  water-charge<l 
layer.  This  would  determine  the  artesian  head  for  the  basin.  At 
all  points  within  the  basin  where  the  surface  is  below  the  level  of  the 
artesian  head,  a  surface  flow  could  be  obtained  by  drilling  a  well  down 
to  the  porous  layer. 

While  fig.  6  will,  the  writer  thinks,  make  clear  the  primary  oondi- 

1  Among  the  agencies  which  might  cause  a  pressure  on  water  confined  in  porous  beds  or  m 
fissures  are  gas,  steam,  and  the  compression  of  the  rocks  themselves,  owing  to  the  weight  of  the 
material  resting  on  them,  but  examples  of  fiowing  wells  In  which  the  rise  of  the  water  Is  due  to 
other  agendes  than  hydraulic  pressure  are,  the  writer  believes,  unknown. 
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tioiis  governing  the  flow  of  artesian  wells,  there  are  certain  important 
secondary  conditions  which  need  to  be  considered  in  individual  cases. 
One  of  these,  of  special  importance  to  well  drillers  in  the  Nez  Perce 
region,  is  that  the  rocks  above  a  porous  stratum  may  not  be  imper- 
vious all. the  way  to  the  surface,  or  the  upper  impei^vious  bed  may  be 
overlain  by  porous  material,  so  that  water  would  not  rise  to  the  sur- 
face where  an  opening  is  made,  although  the  pressure  be  sufficient, 
unless  the  well  is  properly  cased  so  as  to  prevent  lateral  flow.  Another 
consideration  to  be  borne  in  mind  is  that  the  rainfall  on  the  exposed 
margin  of  the  i>orons  layer  should  be  sufficient  to  maintain  the  flow 
of  the  wells  opening  into  it. 

A  true  basin  shape  in  a  porous  layer  inclosed  between  impervious 
beds  is  not  essential  to  an  artesian  flow,  however,  for  any  porous  bed 
in  which  water  is  confined  which  is  so  situated  that  it  can  be  recharged 
from  the  surface  and  an  opening  be  made  where  the  surface  is  below 
the  intake  will  permit  of  a  surface  flow.  For  example,  in  the  fllliug 
of  a  valley  there  may  be  an  alternation  of  clay  and  sand,  such  as  is 
indicated  in  flg.  7,  which  would  permit  the  obtaining  of  a  surface  flow 
at  the  localitv  marked  W. 


Fio.  7.— Ideal  section  of  the  border  of  a  boein  deposit,  illustrating  posiiible  artesian  conditions. 

In  the  Nez  Perce  region  the  conditions  illustrated  by  both  figs.  6 
and  7  have  to  be  considered.  As  has  already  been  described,  the 
Columbia  River  lava  was  poured  out  in  successive  sheets,  and  in 
several  instances  between  adjacent  sheets  there  are  beds  of  clay,  sand, 
gravel,  volcanic  dust,  and  lapilli.  The  layers  of  clay  are  impervious, 
as  is  also  the  solid  basalt,  unless  fractured  or  joint/ed,  while  the  other 
beds  mentioned  are  pervious  and  in  a  condition  to  become  water 
charged.  If  the  series  of  strata  referred  to  should  become  bent  into  a 
basin  shape,  and  the  edges  of  the  porous  beds  be  exposed  so  as  to 
receive  water,  it  is  evident  that  the  conditions  illustrated  in  fig.  6 
would  be  produced  and  artesian  wells  be  possible.  Again,  from  the 
manner  in  which  the  layers  of  sand,  gravel,  volcanic  dust,  and  lapilli 
interbedded  with  the  Columbia  River  lava  wej'e  formed,  it  follows 
that  conditions  similar  to  those  illustrated  in  fig.  7  may  be  present, 
even  where  the  rocks  have  not  been  deformed  so  as  to  produce  basins. 
For  example,  taking  the  beds  of  sand  and  gravel,  which  are  the  most 
promising,  we  know  that  the  material  forming  them  was  carried  by 
streams  and  spread  over  the  Columbia  River  lava  at  various  times 
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(hiring  the  periods  iutervnning  between  the  luva  flooda.  In  many 
instances  these  beds  are  of  the  nature  of  alluvial  faua,  and  are  thickest 
adjacent  to  the  mouutaius  from  which  the  material  composing  them 
waa  derived,  aud  ttiiu  out  and  become  finer  at  a  distance  from  their 
source.  Uu  the  lava  plains  which  were  overspread  in  this.maDner 
there  were  at  times  lakes  in  which  clay  was  deposited,  so  that  an 
alternation  of  pervious  and  impervious  beds  may  be  expected.  In 
this  connet^tioii  it  is  important  to  remember  that  the  alluvial  deposits 
spread  out  between  the  lava  sheets  were  laid  down  mainly  at  tiie 
mouths  of  valleys  in  the  adjacent  mountains,  and  that  their  summit 
portions  extended  far  up  the  valleys.  As  sheet  after  sheet  of  lavft 
was  poured  out,  each  successive  layer  e.xtended  farther  up  the  valle)'8 
than  its  predecessor,  but  probably  never  covered  the  higher  portions 
of  the  alluvial  deposits  previously  formed.  Thus  the  layers  of  sand 
and  grave!  between  the  aheeta  of  lava  are  favorably  situated  for 
becoming  water  chained. 

The  conditions  just  described  may  perhaps  be  made  clearer  by  an 
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examination  of  fig.  8,  an  ideal  section  at  the  border  of  the  lava  ffirma- 
tion  and  extending  up  a  valley  in  the  preexisting  mountains.  The 
mountains  in  the  background  are  intendpd  to  represent  the  far  side  of 
the  lava-floored  valley.  It  will  be  not*'d  that  this  section,  which  rep- 
resents the  general  conditions  that  obtain  about  the  border  of  the 
Columbia  Kiver  lava,  is  much  like  the  one  forming  tig.  7,  except  that 
lava  flows  are  added.  Under  the  conditions  illustrated  it  is  evi- 
dent that  a  well  drilled  through  the  lava  sheets  until  a  porous  water- 
charged  bed  is  reached  should  yield  a  surface  flow,  provide<l  the  moulh 
of  the  well  is  below  the  exposed  portion  of  the  pervious  layer,  and  alti" 
provided  that  there  is  an  unbroken  impervious  bed  both  above  and 
below  it.  What  has  just  lieen  stated  in  general  terms  illustrates  in  a 
qualitative  way  the  actual  conditions  in  the  Nez  Perce  region. 

I^KWISTON-OLARKSTON   BASIN. 

In  the  region  about  Lewiston-Clarkston,  as  already  explained,  the 
mcks  have  been  depressed  so  as  to  form  the  Lewiston  and  Clarkston 
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plateaus.  The  northern  border  of  this  depressed  area  is  defined  by 
the  Clearwater  escarpment.  The  downward  inclination  of  the  surface 
of  the  plateaus  and  of  the  lava  sheets,  etc. ,  composing  them,  is  north- 
ward at  a  low  angle,  probably  not  exceeding  2  degrees.  These  rela- 
tions are  indicated  in  fig.  1.  The  Lewiston  and  Clarkston  plateaus 
have  also  been  deformed  in  their  relations  to  each  other,  the  former 
having  been  upraised  along  its  eastern  and  southeastern  mai^ins, 
where  it  joins  Craig  Mountain,  and  the  latter  upraised  along  its  south- 
western margin,  where  it  passes  into  the  Blue  Hills  uplift.  An  east- 
west  section  across  the  two  plateaus,  passing  through  any  point 
between  Clarkston  and  Asotin,  would  exhibit  the  essential  features 
shown  in  fig.  2. 

The  resultant  of  the  three  main  movements  which  have  affected 
the  Lewiston  and  Clarkston  plateaus  is  such  as  to  give  the  lava  sheets 
and  their  contained  sedimentary  beds  an  inclination  toward  the  sites 
of  the  towns  for  which  they  are  name<l.  An  irregular  basin  has  thus 
been  formed,  the  deepest  part  of  which  is  near  the  center  of  its 
northern  and  sharply  upturned  border;  that  is,  at  Lewiston-Clarkston. 

So  far  as  the  geologic  structure,  or  the  positions  which  the  strata 
occupy,  is  concerned,  it  is  evident  that  the  Lewiston-Clarkston  Basin 
has  the  features  requisite  for  furnishing  artesian  water.  Regarding 
the  necessary  succession  of  pervious  and  impervious  beds,  however, 
our  present  information  is  both  limited  and  indefinite.  Although  the 
strata  are  well  exposed  in  canyon  walls,  no  porous  layers  within  an 
artesian  basin  cut  by  canyons,  except  under  certain  special  condi- 
tions, can  be  expected  to  i^etain  water  under  pressure.  To  learn 
what  strata  are  present  below  the  bottoms  of  the  canyons  one  is 
constrained  to  study  the  geology  of  the  surrounding  region  over 
a  wide  area;  but  such  examinations  as  it  has  been  practicable  to 
make  in  this  connection  have  not  furnished  the  detailed  information 
desired. 

As  already  stated,  porous  sedimentary  beds  highly  favorable  for  the 
passage  of  water  through  them  are  interstratified  with  the  Columbia 
River  lava  in  Little  Canyon,  in  the  canyon  of  Orofino  Creek,  and 
along  the  South  Fork  of  Clearwater  River  at  from  750  to  800  feet, 
and  in  Salmon  River  Canyon  at  3,5(K)  feet,  below  the  surfaces  of  the 
adjacent  plateaus.  It  is  possible  that  one  or  more  of  these  beds 
occur  in  the  Lewiston-Clarkston  Basin,  l)ut  positive  evidence  that 
such  is  the  case  is  lacking.  There  is  a  probability  also  that  other 
sedimentary  beds  not  yet  recognized  may  l>e  present. 

In  addition  to  the  evidence  derived  from  natural  exposures,  we 
have,  in  one  successful  well,  what  may  be  claimed  to  be  a  crucial  test 
of  the  artesian  conditions. 

Wells  in  Taimnany  Hollow, — In  Tammany  Hollow,  about  8  miles 
southeast  of  Lewiston  and,  ac(*ording  to  aneroid  measurements  made 
by  Mr.  John  Adams,  500  feet  higher  than  Main  street  in  that  city,  or 
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about  1,200  feet  above  the  sea,^  six  drilled  wells  have  been  put  down, 
four  of  which  furnish  flowing  water  and  are  true  artesian  wells. 
The  records  of  these  wells  are  somewhat  indefinite,  but  the  following 
data  concerning  them  seem  to  be  authentic. 

On  the  farm  belonging  to  Charles  Dowd  four  drill  holes  have  been 
made.  The  first  of  these  was  begun  in  1896,  and  the  others  between 
that  year  and  the  summer  of  1900.  Well  No.  1,  at  Mr.  Dowd's  house, 
ha^  a  diameter  of  8  inches,  and,  as  reported  by  Mr.  Dowd,  passes 
through  the  following  material: 

Section  at  well  No,  1,  on  farm  of  Cfharles  DotvcL 

Yellowish  soil,  clay-like  in  consistency 40 

Basalt,  hard,  mostly  black,  bat  with  scoriaceous  portions 170 

Total  depth 210 

Since  this  record  was  obtained,  the  writer  has  been  informed  by 
Mr.  E.  H.  Libby  that  this  well  has  been  deepened  40  feet  and  now  has  a 
total  depth  of  220  feet.  There  is,  then,  a  discrepancy  of  30  feet  in  the 
records  obtained.  At  the  time  of  the  writer's  visit  (June  28,  1900) 
this  well  was  cased,  but  some  water  rose  outside  the  casing;  within 
the  casing  water  rose  to  a  height  of  about  20  feet  above  the  ground, 
but  the  full  height  to  which  it  would  rise  in  an  open  tube  was  not 
measured.  At  an  elevation  of  about  4  feet  above  the  ground  the  dis- 
charge was  from  15  to  20  gallons  a  minute.  The  deepening  and 
recasing  or  readjustment  of  the  old  casing  since  the  date  mentioned,  as 
the  writer  has  been  informed  by  Mr.  Libby,  resulted  in  increasing  the 
flow  to  105  gallons  a  minute.  The  water  is  clear,  tasteless,  without 
appreciable  quantities  of  gas,  and  evidently  of  goo<i  quality.  The 
temperature,  as  measured  by  Mr.  John  Adams  on  December  8,  1900, 
was  58J^  F.  A  copious  spring  a  few  rods  distant  had  a  temperature 
of  54°,  and  the  air  a  temperature  of  48°. 

Wells  Nos.  2,  3,  and  4  are  in  a  group  within  a  radius  of  about  150 
feet,  about  1,000  feet  west  of  Mr.  Dowd's  house,  and  approximat-ely 
30  feet  higher  than  the  surface  at  well  No.  1.  The  temperature  of 
these  wells,  as  determined  by  Mr.  John  Adams,  is  from  66°  to  68^  F. 

Well  No.  2  has  a  diamet^er  of  5  inches,  and  is  reported  by  Mr.  Dowd 
to  pass  through  the  following  strata: 

Section  at  well  No.  2,  on  farm  of  Charles  Dowd, 

Feet. 

Yellowish  clay,  with  quartz  pebbles. 30 

Soft  yellowish  clay 70 

Basalt 1.5 

Sand,  soft, ''clay  sand" (a few  inches) 

Total  depth  about 100 

This  well  \^  poorly  cased,  and  water  rises  to  the  surface  and  over- 


*  See  table  of  elevations  forming  Api>endix  A. 
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flows  both  within  and  outside  of  the  pipe.  Tlie  flow  is  estimated  to 
be  from  4  to  5  gallons  a  minute. 

Well  No.  3  has  a  diameter  of  5  inches,  narrowing  to  4  inches  near 
the  bottom,  and  passes  through  essentially  the  same  materials  as  did 
well  No.  2.  Water  overflows  both  within  and  outside  of  the  casing, 
and  is  about  the  same  in  volume  as  in  w^ell  No.  2. 

Well  No.  4  has  a  diameter  of  5  inches,  and  passes  through  the  fol- 
lowing strata: 

Section  at  well  No,  4,  on  farm  of  Charles  Dowd. 

Feet. 

Clay 75  to  80 

Basalt - 200 

Greenish  clay 30 

"Slate,"soft 3to4 

Total  depth  abont 814 

There  is  a  small  surface  flow,  and  the  casing  is  defective. 

In  reference  to  wells  Nos.  2,  3,  and  4  there  seems  no  reason  to  doubt 
that  if  they  were  cleared  out  and  properly  cased  a  good  surface  flow 
of  water  would  be  obtained. 

About  1  mile  north  of  the  wells  just  described,  on  the  farm  of  J.  A. 
Nelson,  in  Tammany  Hollow,  near  its  northern  border,  a  well  was  put 
down  in  1898-99  in  which  the  following  layers  were  passed  through, 
according  to  the  recollection  of  Mr.  Charles  Dowd : 

Section  at  well  on  farm  of  J.  A.  Nelson, 

Feet. 

aay 100 

Basalt  :iO 

Coarse,  sharp  sand 3 

Basalt 80 

Total  depth  about    200 

When  the  3-foot  layer  of  sand  was  penetrated  water  rose  to  within 
35  feet  of  the  surface,  and  has  since  remained  at  that  level.  The 
well  is  not  cased.  The  water  in  the  porous  layer  is  under  pressure, 
and  if  the  well  were  properly  cased  it  might  be  expected  to  rise  to 
the  surface  and  overflow. 

About  2  miles  east  of  the  Dowd  wells,  and  in  the  same  valley  or 
hollow,  on  the  farm  of  A.  S.  Wisner,  where  the  surface  is  about  100 
feet,  by  aneroid  measurement,  above  Dowd's  well  No.  1,  a  drill  hole 
was  put  down  a  few  years  ago  which  is  reported  to  have  passed 
through  the  following  strata: 

Section  on  farm  of  A,  S.  Wisner. 

Feet. 

Gravel 25 

Clay,  compact 105 

Basalt. 86 

Total  depth 216 

No  water  was  obtained. 
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A  surface  well  a  few  rods  distant  penetrated  the  following  strata: 

Section  at  ivell  on  farrn  of  A.  S,  Witmer, 

Feet 

Sand  and  gravel 25 

Yellow  clay ,  changing  to  blnish  below 25 

Total  depth .._ -..     50 

The  clay  in  this  well  is  highly  charged  with  volcanic  dust  and  eon- 
tains  leaf  impressions.  Water  was  obtained,  bj'  percolation,  at  the 
base  of  the  layer  of  sand  and  gravel,  and  the  excavation  below  that 
level  furnishes  a  reservoir  for  storing  the  water  which  comes  in  from 
above. 

In  addition  to  the  drilled  wells  noted,  there  are  I'eport*,  w^ithout 
details,  of  a  dug  well  40  feet  deep  about  1  mile  north  of  Wisner's  well, 
at  a  surface  elevation  50  feet  higher,  which  is  all  in  basalt  and  failed 
to  reach  water.  Also  about  1  mile  south,  on  the  farm  of  F.  Crutin- 
ger,  where  the  surface  is  about  125  feet  higher  than  at  Wisner's  well, 
a  well  200  feet,  all  in  basalt,  failed  to  reach  water. 

At  many  localities  in  Tammany  Hollow  water  is  obtained  in  surface 
wells  at  depths  of  from  30  to  40  feet,  and  along  the  sides  of  the  valley 
there  are  several  springs. 

The  bearing  of  the  evidence  obtained  in  Tammany  Hollow,  with 
reference  to  the  artesian  conditions  in  the  Lewiston-Clarkston  Basin 
generally,  may  be  summarized  as  follows; 

Tammany  Hollow  is  a  basin  due  to  erosion  which  has  cut  through 
the  surface  sheet  or  sheets  of  basalt  and  exposed  a  layer  of  sand  and 
gravel  resting  on  clay.  These  sedimentary  beds  are  the  same  as  those 
penetrated  by  the  drill  hole  on  Ira  Small's  farm,  and  outcrop  on  the 
south  side  of  Clearwater  River,  as  already  explained.  Tammany 
Hollow  owes  its  exceptional  width  (about  1  mile  at  the  bottom)  to  the 
widening  of  the  excavation  made  by  the  creek  which  Hows  down  it,  in 
the  soft  sedimentary  beds  lying  above  the  sheet  of  basalt  through 
which  the  creek  has  cut.  Downstream  the  valley  becomes  narrow 
and  the  stream  flows  over  basalt.  Most  of  the  springs  along  the  side 
of  the  valley  are  fed  by  water  percolating  through  the  upper  member 
of  the  sedimentary  beds,  and  offer  favorable  opportunities  for  increas- 
ing their  flow  by  means  of  horizontal  wells,  as  already  explained. 

The  drilled  wells,  the  records  of  which,  so  far  as  available,  have 
been  presented,  all  start  in  the  sedimentary  beds  referred  to,  but, 
with  the  possible  exception  of  the  Nelson  well,  evidently  do  not  derive 
an  appreciable  portion  of  their  water  supply  directly  from  that  source. 
Tills  is  evidenced  by  the  fact  that  the  porous  upper  member  of  the 
sedimentar}'  beds  has  been  cut  through  by  erosion,  and  although  fur- 
nishing springs  it  can  not  be  expected  to  retain  water  under  sufficient 
pressure  to  cause  a  surface  flow  in  a  well  begun  at  an  elevation  of  a 
hundred  feet  or  more  above  the  bottom  of  the  hollow.  More  than  this, 
the  same  sheets  of  sedimentary  material  have  been  cut  by  Snake 
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River,  Sweetwater  Creek,  and  other  streams,  and  can  not  be  expected 
to  convey  water  from  a  distance.  Additional  evidence  is  furnished 
bj'  the  temperatures  of  the  Dowd  wells,  which,  as  already  recorded, 
are  58Jo  and  66°  to  68°.  The  mean  annual  temperature  in  Tammany 
Hollow,  as  near  as  can  be  judged  from  the  climatic  records  of  the 
region  in  which  it  is  situated,  is  from  48°  to  49°  F.  As  is  well  known, 
seasonal  changes  in  temperature  in  localities  of  similar  geographic 
position  to  the  one  under  consideration  disappear  at  a  depth  of  about 
50  feet  below  the  surface.  At  that  horizon  there  is  a  uniform  temper- 
ature which  corresponds  with  the  mean  annual  temperature  at  the 
surface.  Below  that  horizon  there  is  an  increase  in  temperature  of 
about  1°  F.  for  approximately  each  60  feet  in  depth.  The  well  at  Mr. 
Dowd's  house  has  a  temperature  of  58f  °,  which  indicates  that  its  water 
comes  from  a  depth  of  at  leasrt  540  feet,  while  the  three  wells  about 
1,(XX)  feet  to  the  westward  have  temperatures  ranging  from  66°  to  68° 
and  must  be  supplied  from  a  depth  of  at  least  1,140  feet. 

Here  we  are  met  with  the  apparently  anomalous  fact  that  well  No. 
1,  with  a  strong  flow,  is  10°  lower  in  temperature  than  the  neighbor- 
ing well,  with  a  weak  flow;  but  as  wells  Nos.  2,  8,  and  4  are  prac- 
tically uncased,  the  actual  amount  of  water  rising  from  a  depth  is 
perhaps  even  greater  than  is  discharged  by  well  No.  1,  which  has  a 
fairly  good  casing.  Well  No.  4,  however,  is  about  100  feet  deeper 
than  well  No.  1  and  should  have  a  somewhat  higher  temperature,  and 
under  the  conditions  present  it  may  be  expected  t-o  influence  the  tem- 
perature of  the  wells  drilled  near  it. 

The  only  conclusion  which  seems  justifiable  in  reference  to  the 
source  of  the  water  at  the  Dowd  wells  is  that  it  comes  from  a  depth 
of  more  than  1,000  feet  below  the  surface,  through  Assures  in  the 
Columbia  River  lava,  and  in  part  spreads  out  in  the  interstratifled 
porous  sedimentary  beds.  The  spring  near  Mr.  Dowd's  house  has 
also  a  deep  source,  as  is  shown  by  its  temperature,  but,  the  water 
rising  less  freely  than  in  the  neighboring  wells,  in  its  passage  upward 
it  is  cooled  to  54°.  The  recent  deepening  of  well  No.  1 ,  which  increased 
its  flow,  is  also  in  harmony  with  the  conclusion  that  its  water  is 
received  from  fissures.^ 

Recommendafions. — The  success  of  the  Dowd  wells  must  be  con- 
sidered highly  favorable  to  obtaining  artesian  water  throughout  a 
large  area  within  the  Lewiston-Clarkston  Basin,  but  it  is  not  as  reassur- 
ing as  might  be  wished,  for  the  depth  below  the  surface  from  which 
the  water  comes  is  not  definitely  shown.  It  is  very  encouraging  to 
know,  however,  that  at  a  depth  of  about  1,000  feet  a  porous  stratum 
probably  exists  which  contains  water  under  siifficient  pressure  to 
cause  a  surface  flow  at  an  elevation  of  more  than  500  feet  above  Lewis- 
ton.     A  word  of  caution  is  perhaps  necessary  here,  inasmuch  as  the 


>  It  may  be  saggested  that  if  a  charge  of  dynamite  were  exploded  at  the  bottom  of  this  well 
its  flow  would  be  still  farther  Inoreaaed. 
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facts  in  hand  do  not  prove  the  presence  of  a  water-charged  stratum. 
There  is  a  possibility  that  the  water  referred  to  finds  its  way  from 
distant  uplands  through  fissures,  but  what  is  known  concerning  the 
presence  of  sedimentary  beds  at  various  horizons  in  the  Columbia 
River  lava  does  not  favor  this  view. 

Having  before  us  all  of  the  facts  which  it  is  practicable  to  obtain  at 
the  present  time  concerning  the  general  question  of  procuring  arte- 
sian water  in  the  Lewiston-Clarkston  Basin,  the  conclusions  must  be 
largely  controlled  by  considerations  of  expense.  No  one  can  say  posi- 
tively that  success  would  follow  the  putting  down  of  a  drill  hole  at 
a  certain  locality,  but  from  a  geologic  point  of  view  the  experiment 
is  well  worth  trying.  The  most  favorable  location  for  the  pioneer 
well  is  in  the  lowest  part  of  the  basin,  and,  fortunately,  that  is  where 
the  demand  for  water  is  -greatest.  The  lowest  level  of  the  basin  is 
at  Lewiston-Clarkston,  but  the  test  should  be  made  at  as  great  a  dis- 
tance as  practicable  from  the  Clearwater  escarpment.  The  writer 
recommends  that  a  boring  be  made  in  Lewiston,  preferably  on  the 
upper  terrace  on  which  the  newer  portion  of  the  city  is  built,  as,  for 
example,  in  proximity  to  the  public-school  building.  The  chances, 
however,  are  equally  good,  and  possibly  better,  in  Clarkston.  If  the 
latter  locality  is  chosen,  the  boring  should  be  made  in  the  western 
portion  of  the  city,  near  the  base  of  the  ** first  bench."  If  a  trial  is 
made  at  either  of  these  localities,  the  boring  should  be  carried  down 
to  a  depth  of  at  least  3,000  or  4,000  feet,  unless  a  sufficient  water  sup- 
ply is  obtained  at  a  less  depth,  or  the  formations  which  underlie  the 
Columbia  River  lava  are  reached.  There  would  be  no  excuse  for  con- 
tinuing to  drill  after  granite,  diorite,  mica-schist,  limestone,  shale, 
etc.,  are  entered;  but  soft  beds  containing  the  d6bris  of  such  rocks 
must  not  be  mistaken  for  the  rocks  themselves  in  place.  A  success- 
ful boring  at  either  of  the  localities  recommended  would  establish  the 
artesian  head  of  the  basin  and  indicate  the  horizon  below  which  other 
wells  might  be  expected  to  yield  a  surface  flow.  Owing,  however,  to 
the  lack  of  knowledge  concerning  the  topography  of  the  old  land  sur- 
face over  which  the  Columbia  River  lava  was  outpoured,  all  jMrtions 
of  the  basin  below  the  artesian  head  determined  from  a  pioneer  weU 
might  not  yield  equally  favorable  results.  The  presence  of  diorite 
("granite")  blocks  on  the  hillside  a  mile  or  two  southeast  of  Lewis- 
ton  and  the  reported  discovery  of  similar  rock  in  place  near  the  same 
locality  seem  to  indicate  that  the  older  formations  there  rise  through 
the  lava.  If  this  be  true,  the  region  immediately  about  Lewiston- 
Clarkston  would  probably  be  cut  off  from  the  source  of  water  which 
supplies  the  wells  in  Tammany  Hollow. 

CAMAS-KAMIAH   BASIN. 

To  the  east  of  Craig  Mountain,  and  intervening  between  that  uplift 
and  the  foothills  of  the  Bitterroot  Mountains,  is  a  broad,  shallow, 
structural  basin,  the  nearly  flat  central  part  of  which  is  occupied  by 
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the  Camas  and  Kamiah  prairies.  The  rim  of  the  basin  is  well  defined 
on  all  sides,  except  perhaps  to  the  north,  where  the  Craig  Mountain 
monoclinal  fold  flattens  out.  The  dip  of  the  sheets  of  lava  away  from 
the  uplands  of  older  rocks  to  the  eastward  is  slight,  but  judging  from 
the  inclination  of  the  plateau  remnant  between  the  streams,  it  is  defi- 
nite and  continuous  for  a  distance  of  several  miles  t»oward  the  center 
of  the  depressed  area.  Within  the  basin,  as  already  described,  there 
are  thick  beds  of  sandstone,  shale,  etc.,  interstratified  with  the  lava 
sheets.  Thus  the  conditions  in  reference  to  both  geologic  structure 
and  succession  of  beds  in  general  favor  the  existence  of  water  under 
pressure  in  the  porous  beds.  Information  concerning  the  composition 
and  order  of  succession  of  the  strata  below  the  depths  to  which  canyons 
have  been  cut  is  wanting.  The  canyons  in  the  central  portion  of  the 
basin,  as  Lawyers  Canyon  and  Little  Canyon,  have  a  depth  of  about 
1,000  feet,  and  the  South  Fork  of  Clearwater  River  flows  through  a 
canyon  fully  1,800  feet  deep.  No  water  under  sufficient  pressure  to 
cause  a  surface  flow  could  therefore  be  expected  at  a  less  depth  than 
the  canyons  have  been  cut,  except,  as  will  be  explained  further  on, 
where  broad  plateau  remnants  adjacent  to  the  mountains  exist 
between  the  streams. 

The  success  of  deep  wells  in  this  basin,  or  in  the  Lewiston-Clarks- 
ton  Basin,  hinges  on  the  presence  or  absence  of  the  requisite  succes- 
sion of  pervious  and  impervious  beds  and  the  topography  of  the  old 
land  surface  beneath  the  lava.  Neither  of  these  uncertain  factors  can 
be  determined  from  natural  exposures,  although  some  light  respect- 
ing the  succession  of  beds  beneath  the  Camas  Prairie  may  perhaps 
be  obtained  in  Salmon  River  Canyon,  and  must  be  discovered,  if 
learned  at  all,  by  means  of  the  drill.  The  basin  is,  however,  situated 
so  near  the  mountains  bordering  the  Columbia  River  lava  that  it  is 
more  than  likely  several  sedimentary  beds  exist  and  that  the  requi- 
site arrangement  of  one  or  more  pervious  beds  between  impervious 
ones  is  present.  In  the  writer's  opinion,  the  conditions  in  this  basin 
are  such  as  to  warrant  the  drilling  of  a  test  well,  provided  the  demand 
for  water  is  sufficient  to  justify  the  expense.  The  pioneer  well  should 
be  located  in  the  lowest  portion  of  the  basin,  as,  for  example,  in  the 
\'icinity  of  a  line  joining  Cottonwood,  Howard,  and  Steele,  or  midway 
between  Kippen  and  Kamiah.  While  the  making  of  such  a  test  in 
this  region  is  justified  from  geologic  considerations,  the  cost  would 
probably  be  far  greater  than  the  best  results  to  be  hoped  for  would  war- 
rant. The  test  well  should  be  carried  to  a  depth  of  at  least  3,000  feet, 
unless  successful  results  are  attained  at  a  less  depth,  or  the  rocks  which 
underlie  the  Columbia  River  lava  are  reached;  and  the  expense  would 
probably  be  greater  than  the  utilization  of  the  water  for  irrigation 
purposes  would  justify.  Seemingly,  it  is  only  for  the  supply  of  towns 
of  considerable  size  that  such  an  experiment  as  has  been  suggested 
should  be  made. 

A  portion  of  the  Camas- Kamiah  Basin  adjacent  to  the  base  of  Mount 
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Idaho,  «:inbracin(;  an  area  of  about  200  square  miles,  has  a  gentle 
kIo^ki  northward,  and  is  iinviit  hy  canyons  more  than  one  or  two  hun- 
dred feet  de»p.  Beneath  this  area  there  are  jNtrous  beds  at  no  great 
depth,  as  iw  shown  in  part  in  the  eanyon  walls  and  in  part  by  borings 
that  have  been  made.  While  some  of  these  porous  \wdn  are  cnt  by 
the  shallow  ('Anyons,  others  pass  under  them  an<l  should  furnish 
water  under  pressure.  The  principal  hope  of  obtaining  flowing  wat^r 
in  this  region  is  base<l  on  two  principles:  (1)  That  the  pervious  beds 
composinl  of  uncoil  sol  id  atetl  debris  swept  <uit  fi-om  the  mountains  and 
covered  in  part  by  lava  may  change  and  become  impervious  at,  a  dis- 
tance fn)m  the  source  of  supply.  (When  this  happens,  and  the  bed 
is  incline<l  and  overlain  and  underlain  by  sheets  of  impervious  mate- 
rial, a  well  put  down  in  its  coarser  portion  should  yiehl  a  surface 
flow.)  (2)  That  the  flow  of  water  through  an  inclined  porous  l>ed 
having  impervious  1>eds  al)ove  and  Iwlow  is  retarded  by  friction  and 
may  yield  a  surface  flow  at  <wrtain  localities,  although  it  is  cut  by  a 
canyon  at  a  distance. 


FiQ.  9— DiacTBia  of  upparatnx  lllixHtratlng  the  dwllTitr  nt  beod  of  llqnlda  flmrlng  rrum  ■ 
reservoir. 

The  fii-st  of  these  principles  is  .self-evident,  but  the  second  may 
perhaps  require  further  explanation. 

That  water  <;on&ned  in  an  inclined  porous  bed  ntay,  owing  to  the 
friction  of  flow,  rise  to  the  surface  in  case  wells  are  drilled  midway 
down  its  slope,  is  proved  by  an  experiment  such  as  is  illustrated  in 
fig.!). 

In  the  region  about  Denver,  in  the  southern  portion  of  the  Camas 
Prairie  and  probably  extending  as  far  westward  as  Cottonwood,  the 
slope  of  the  strata  is  nortrh westward  at  a  low  angle,  or  away  from  the 
bold  escarpment  known  as  Mount  Idaho.  This  mountain  was  not 
visited  during  the  reconnaissance  which  forms  the  basis  of  this  report., 
but,  judging  from  its  topography  and  from  observations  made  by 
others,  it  no  doubt  is  compose<l  of  rocks  of  older  date  than  the  Colum- 
bia Biver  lava,  and  forms  a  portion  of  the  l>oundarj'  of  that  formation. 
Debris  from  this  ancient  upland  swept  down  upon  the  Columbia 
River  lava  at  various  times  during  the  intervals  between  the  erap- 
tioQs  which  gave  origin  to  its  numei-ous  sheets,  and  should  occur  and 
be  favorably  situated  to  be  charged  with  water.     That  such  beds  are 
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pn^sent  l)Otweeii  the  sheets  of  lava  has  already  l>CH»n  shown.  They 
may  be  expected  to  be  thickest  adjaceut  to  the  mountain  from  which 
the  debris  composing  them  was  derived,  and  to  thi»i  out  and  become 
finer  in  textnre  toward  the  center  of  the  basin  on  the  in  ward -sloping 
side  of  which  they  wcnr.  This  indicAt.es  that  the  two  principles  in 
reference  to  arte^sian  conditions  may  there  find  application,  and  the 
facts  furnished  b}'  certain  wells  that  have  l)een  drilled  seem  to  bear 
out  these  conclusions. 

Well.s  at  Denver. — Such  factnS  as  it  has  ])een  jwssible  to  glean  con- 
cerning the  several  wells  put  down  on  the  Camas  Prairie,  principally 
at  Denver  and  vicinity,  are  here  presented.  In  most  instances  the 
information  has  been  furnished  from  memory  by  pei'sons  who  were 
present  when  the  wells  were  drilled. 

A  well  drilled  on  the  farm  of  N.  Nelson,  H  miles  east  of  Cotton- 
wood, in  1809  passed  through  the  following  strata: 

Section  at  irell  on  farm  of  N,  Nelson, 

Feet. 

Surface  soil  and  subsoil  containing  fragments  of  basalt 40 

Soft  basalt 26 

Gravel,  soft,  easy  to  drill 52 

Total  depth 118 

Work  was  discontinued  on  account  of  an  accident  to  the  drilling 
rig.  Water  was  obtained  in  the  gravel  and  rose  to  within  66  feet  of 
the  surface,  but  did  not  overflow.  The  well  does  not  seem  to  have  l)een 
properly  cased. 

At  Denver  five  drill  holes  have  been  put  down,  the  records  of  which, 
so  far  as  it  is  now  practicable  to  obtain  them,  are  as  follows: 

Well  No.  1:  Near  Parker's  mill;  drilled  in  1893:  total  depth,  202  feet;  hard  rock 
not  reported;  water  rose  gradually  fiom  near  the  bottom  to  within  90  feet  of  the 
surface;  supply  large;  pumped  by  means  of  windmill  and  steam  power,  and  nsed 
for  boilers  in  the  mill;  wooden  casing  for  first  100  feet. 

Well  No.  2:  Under  Parker's  mill;  distant  abont  150  feet  from  well  No.  1;  drilled 
in  189.5-96;  no  solid  rock  reached;  the  first  110  feet  in  soil  and  subsoil  containing 
blocks  of  basalt;  sand  and  clay  containing  white  pebbles  (quartz)  at  100  feet;  at 
140  feet  the  sides  caved  in  and  many  tons  of  sand  were  taken  out;  water  rises  to 
within  90  feet  of  the  surface;  supply  small;  an  abundance  of  water  reached  at 
205  feet,  but  could  not  be  utilized,  owing  to  the  caving  of  the  walls:  well  has  a 
wooden  casing  down  to  a  depth  of  140  feet,  and  a  galvanized-iron  tube  within  it 
to  a  depth  of  90  feet. 

Well  No.  8:  In  the  central  part  of  the  town,  about  a  half  mile  from  well  No.  1 
and  at  an  elevation  50  to  60  feet  greater;  total  depth,  285  feet;  a  little  water 
obtained  at  100  feet,  a  large  supply  at  200  feet;  the  water  rises  to  within  100  feet 
of  the  surface:  iron  casing  for  a  short  distance  from  the  surface,  to  retain  loose 
material,  and  a  24-inch  iron  pipe  within,  for  pumping,  which  reaches  a  depth  of 
about  200  feet;  water  now  pumped  by  steam  power  and  windmill  for  town  use. 

Well  No.  4:  In  the  northern  portion  of  the  town,  about  a  half  mile  from  well 
No.  3  and  20  feet  higher;  said  to  have  been  drilled  entirely  in  loose  material;  total 
depth,  325  feet;  water  rose  to  within  90  feet  of  the  surface;  not  used. 
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Well  No.  5:  In  southeastern  portion  of  the  town:  was  abandoned  at  a  depth  of 
100  feet. 

Within  a  radius  of  about  3  miles  of  Denver  and  to  the  south  of  the 
town  four  other  wells  are  said  to  have  been  put  down  to  depths  vary- 
ing from  100  to  220  feet,  but  not  one  of  them  furnishes  flowing  water. 
One  of  them,  on  the  farm  of  C.  B.  Kanos,  was  sunk  to  a  depth  of  20() 
feet  in  solid  basalt .  Another,  2|  miles  southeast  of  Denver,  excavated 
mostly  with  pick  and  shovel,  according  to  the  stat'Cments  of  Mr.  W.  IL 
Zumwalt,  passed  through  the  following  strata: 

Section  2^  miles  aouthecuft  of  Denver, 

Feet. 

Soil  andsnbsoil 16 

Rock  (basalt) 31 

Soft  material  of  yarioos  colors 93 

Total  depth 140 

Plenty  of  water  was  obtained  at  136  feet,  and  maintains  a  depth  of 
10  feet;  used  for  farm  purposes.  Another  well,  1^  miles  south  of 
Denver,  on  the  farm  of  Isaac  Zehner,  passed  through  soil  and  subsoil 
to  a  depth  of  80  feet,  and  then  through  140  feet  of  basalt.  The  total 
depth  of  the  well  is  220  feet.  Water  was  reached  at  200  feet;  did  not 
rise;  is  used  for  farm  purposes. 

The  great  variations  in  the  nature  of  the  rocks  passed  through  in 
the  sinking  of  the  wells  in  and  about  Denver  show  that  the  surface 
portion  of  the  formations  undergoes  marked  changes  within  short 
distances.  Tn  the  town  wells  no  solid  basalt  was  encountered,  while 
.2^  miles  to  the  southeast,  on  the  Kanos  farm,  basalt  with  a  thickness 
of  31  feet  was  reached  at  only  16  feet  beneath  the  surface.  It  over- 
lies soft  beds  of  variegated  colors,  such  as  presented  by  the  sediment- 
ary beds  beneath  the  upper  lava  sheet  on  Grande  Ronde  River  and 
at  other  localities.  The  reason  for  these  variations  has  not  been 
thoroughly  determined.  The  facts  in  hand  seem  to  indicate,  however, 
that  the  surface  sheet  of  basalt  at  Denver  has  been  eroded  away  or 
decayed,  while  in  neighboring  localities  it  still  remains  and  is  bnt 
little  changed.  The  explanation  offered  on  a  preceding  page — the 
rough  topography  of  the  level  plateaus — maj-  apply  here.  That  is, 
the  surface  sheet  of  basalt  at  Denver  was  cut  by  stream  channels 
during  a  period  of  more  active  erosion  than  is  now  in  progress,  the 
surface  evidence  of  which  has  been  obliterated  by  subsequent  move- 
ments in  the  loose  superficial  material.  The  mountains,  however,  are 
only  10  or  12  miles  distant,  and  alluvial  material  may  have  been 
deposited  on  the  pi*eviously  eroded  and  weathered  surface  sheets  of 
basalt,  thus  again  concealing  the  changes  previously  produced  in 
its  relief.  Sufficient  time  was  not  available  to  t«st  these  suggested 
h3'x>cthese8  in  the  field. 
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The  wells  thus  far  put  down  on  the  Camas  Prairie,  although  show- 
ing that  water  under  pressure  exists  in  certain  layers,  do  not  furnish 
a  fair  test  of  the  artesian  conditions.  None  of  the  wells  are  properly 
cased ;  but  the  fact  that  in  those  at  Denver  the  water  rose  more  than 
100  feet  above  the  level  of  the  point  where  it  was  first  reached  gives 
evidence  of  true  art>esian  conditions.  It  is  probable  that  if  these  wells 
should  be  properly  cased  a  surface  flow  would  be  obtained. 

The  structure  of  the  rocks  beneath  the  Camas  Prairie  and  what  is 
known  concerning  the  texture  of  the  beds,  as  well  as  the  information 
furnished  by  the  wells  that  have  been  drilled,  favor  obtaining  flowing 
water  at  a  depth  of  a  few  hundred  feet  in  the  region  about  Grange- 
ville,  Denver,  and  Cottonwood. 

SUGGESTIONS  AND   RECOMMENDATIONS. 

For  the  benefit  of  the  people  in  the  Nez  Perce  region  who  are 
directly  interested  in  the  search  for  water,  and  to  whom  the  experi- 
ence in  well  drilling  gained  elsewhere  is  not  easily  accessible,  the 
restatement  of  a  few  well-known  principles  bearing  on  the  general 
subject  of  artesian  wells  may,  perhaps,  be  welcome.  The  following 
suggestions  have  been  taken  principally  from  a  paper  by  Prof.  T.  C. 
Chamberlin,  the  title  of  which,  together  with  references  to  other 
treatises  on  the  same  subject  which  may  profitably  be  studied  by  well 
drillers,  is  given  in  the  list  of  references  presented  in  the  bibliography 
on  page  130. 

Attention  has  already  been  called  to  the  fact  that  none  of  the  wells 
in  the  two  artesian  basins  described  are  properly  cased,  and  in  several 
instances  no  attempt  has  been  made  to  insert  the  necessary  pipes 
through  which  the  water  can  rise.  As  the  material  passed  through, 
esi)ecially  near  the  top,  is  open  and  porous,  it  would  be  a  surprise  in 
most  cases  if  water  should  rise  through  it  to  the  surface.  The  import- 
ance of  casing  wells  can  not  be  overestimated,  for  it  is  no  more  rea- 
sonable to  suppose  that  water  can  rise  through  a  hole  drilled  in  open 
and  porous  material  than  that  it  can  rise  to  the  third  story  of  a  house 
if  the  supply  pipe  in  the  basement  is  full  of  holes. 

The  usual  method  of  preventing  the  escape  of  water  on  the  outside 
of  the  casing  of  an  artesian  well  is  to  surround  the  casing  just  above 
the  water-bearing  stratum  with  a  bag  made  of  leather  or  rawhide  and 
filled  with  dry  fiaxseed.  The  fiaxseed  absorbs  the  water  and  swells 
and  expands  the  bag  so  as  to  shut  off  the  water  from  the  space  out- 
side the  pipe.     The  method  of  attaching  the  bag  is  shown  in  fig.  10. 

Another  method  for  obtaining  the  same  result  by  means  of  rubber 
disks  is  described  and  illustrated  by  Chamberlin  in  the  article 
referred  to. 

By  means  of  a  seed  bag  tests  can  be  made  which  will  reveal  the 
most  desirable  position  for  the  lower  end  of  the  casing.     In  this  con- 
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iiectioii  th»  following  quotation  in  iiiado  from  tlie  paper  by  Ghain- 

berlin : 

The  water  nuiy  rise  from  the  bottom  to  some  higher  portioo  of  a  well,  and  there 

find  escape  by  pHSBing  laterally  through  the  upper  strata,  and  fail  to  oTerflow.  It 
IB  a  matter  of  some  practic-al  moment,  therefore,  to  know 
when  a  Btresm  is  Htmck  whii-h  ma;  yield  a  flow  at  the 
HDiface  when  put  under  proper  control:  (1)  Soch  a  stream 
uanally  disoovem  iteelt  by  a  rise  of  water  in  the  welt, 
hut  this  Is  not  always  the  case.  (2)  Some  influence  on 
the  action  ot  the  drill  is  liable  to  be  felt,  which  may 
arouse  siispicion.  {'i)  In  any  inatancea  of  a  atrong  flow. 
the  drillings  are  apt  to  be  carried  away,  so  that  when  the 
sand-pump  fails  to  faring  these  np.  or  brings  ooly  coarser 
material,  there  is  good  reason  to  believe  that  a  stream 
has  been  strnck  and  the  proper  test  sbonld  be  made.  It 
is  ordinarily  desirable  to  test  the  capacity  of  any  stratum 
which  gives  any  of  these  or  other  indicstioDs,  before 
siniiing  Co  a  lower  one.  It  is  advisable  to  make  provision 
in  the  contract  for  snch  tests,  since  it  is  not  always  to  the 
intei  es;.  of  the  driller,  once  bis  machinery  is  eet  op  and 
well  at  work,  to  atop  at  the  more  limited  depth.  The 
capabllitien  of  the  flow  may  be  tested  by  the  use  of  a 
tnbe  and  seed-bag.  or  by  rubber  packing,  as  explained 

It  is  possible,  in  perfect  honesty,  to  make  both  a  nega- 
tive and  a  false  test.    Snppoee  that 
twoporonsbedH.AaTidB(fig.  [llj), 
Pii],  in,— s«ed-im)(  [iBt-ii      Bei)arated  by  an  impervious  layer, 
are  travi>rBed,  and  the  testing  of  the 
first  has  been  neglecte<l.  either  be- 
cause it  failed  to  give  enconraging 
indications  or  for  other  reasons.    It 
is  now  desired  to  test  these.     Sup- 
pose the  seed-bag  or  rubber  pack- 
ing be  placed  alxive  the  upper  one. 
Now,  if   both    bear  «  water  level 
equally  high,  ihe  test  will  be  fairly 
made,  and  the  reeult  will  indicate  their  combined  capacity: 
or.  if  both  beads  are  at  leuat  as  high  us  the  surface  at  the 
well,  the  test  may  be  accepted.     Bnt  suppose  that  the  bed 
A  has  been  cut  into  by  erosion,  or  lieen  reached  by  crevices, 
or  ia  otherwise  defective,  while  the  other.  B.  remains  intact 
and  beareanelevated  fountain-head.     Undertheseconditions 
the  water  may  flow  from  B  through  the  l>ore  into  A,  and 
esuape  laterally  through  it.aa  illuatrated  in  the  figure.     Now,  , 

in  this  case  the  result  may  )«  either  simply  negative  or  posi- 
tively false  and  mialeading.  K  the  lateral  leakage  through  '''"ii'iii^u^*'^''  '' 
the  stratum  A  elTectoally  disposed  of  the  flow  from  B.  and  neK»titoi«wtft>ritm 
there  was  no  leakage  in  the  upper  portion  of  the  well,  the  tc r  under  prennre 
water  in  the  test-tube  wonld  stand  during  the  test  at  essen-  ( After  Cham  tjerlio-p 
tially  the  same  height  as  before,  and  the  result  would  be 

negative,  merely  falling  to  indicate  a  possibility  that  really  existed.  If,  on  the 
other  hand,  there  was  lateral  leakage  through  the  upper  s*rHta as  well  an  throagh 
A.neither  alone  tieing  quite  competent  todisposeof  the  flow  from  B,  then  the  intro- 
duction ot  the  test- pipe  would  cut  off  the  upper  leakage,  leaving  the  bed  A  tuuble 
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to  dispose  of  tbe  entire  flow.    In  this  case  there  wnnlfl  be  a  rise  of  water  in  thi 
tabe,  and.  poasiblj,  a  flow.    Tbe  miscbieTOnsDeee  of  a  teet  of  this  sort  lies  ii 
tbe  fact  that  it  appears  to  be  a  true  test,  because  it  shows  some  reenlt.  while  ii 
reality  it  is  false  and  tnieleading.    Tbe  tme  teet  in  this  case 
can  only  be  made  by  placing  the  packing  between  the  poroos 
beds  A  and  B. 

Take  another  instance  where  two  porons  beds,  as  A  and  B, 
figure  (12] ,  have  been  traveTsed.    Let  tbe  packing  be  placed 
between  Uieae.    Then  (1)  if  A  eiinale  B  in  productive  capac- 
ity, water  will  stand  at  the  same  height  within  nnd  with- 
ont  the  test-pipe  if  there  i»  no  leakage  iti  the  uirptr  hedi\. 
(3)  If  the  failure  to  flow  was  due  to  inch  leakage,  then  a 
flow  will  reenlt  from  B,  but  the  additional  flow  which  might 
be  secured  from  A  is  lost  (see  figure).     (S)  If  A  has  a  Kreater 
head  than  B.  and  if  there  is  no  loss  above,  the  water  in  the 
test-pipe  will  actnally  be  lower  than  that  oatside,  as  illus- 
trated in  figure  [13].     This  may  be  said  to  be  an  ini^erted 
test,  and  is  less  misleading  than  tbe  false  itnd  negative  tests, 
since  it  plainly  indicates  an  error  of  manipnlation.     I  have 
known  snch  a  case  of  reduced  head  as  the  result  of  an  at- 
tempted t«Bt.     (4)  If,  however,  there  is  in  this  case  con- 
siderable lateral  VBBt«   in   the   upper   strata,  the  valuable 
Sow  from  A  will  be  lost,  jnst  or  before  the  test  was  made, 
ivhile  B  may  give  a  rise  in  the  tube,  or  even  a  flow,  which 
ironid  foster  the  impres.sion  that  a  fair  test  had  been  made, 
while  in  reality  the  greater  flow  has 
been  lost.     (5)   A  gives  a  feebler  flow 
tbun  B,  but  has  an  ninal  bead,  tbe  test       dor  pressure.    (At- 
will  fall  of  being  completely  satisfac-        tarCbamberlin.) 
tery  only  in  excluding  the  feebler  flow 
from  A.     (6)  If,  however,  A  has  a  lower  head,  and  is  a  pos- 
sible means  of  escape  for  the  flowage  from  B.  then  tbe  pack- 
ing has  been  placed  at  the  right  point,  and  the  test  gives  the 
best  results. 

In  still  another  case,  let  A  and  B  represent  porous  beds 
(figure  [14])  tbe  lower  of  which  is  so  conditioned  as  to  drain 
tbe  upper  one  by  virtne  of  a  lower  outcrop,  in  the  manner 
previously  explained  and  illustrated  in  figures  (13  and  14]. 
(1 )  First,  if  the  draina(;e-losa  below  is  not  complete,  and  if 
the  packing  is  placed  above  A,  as  shown  in  figure  [14] .  1.  tbe 
result  will  be  negative,  if  there  is  no  leakage  in  the  upper 
strata.  (3)  Should  there  be  considerable  loss  there  it  will  be 
cutoff  by  tbe  tubeandpacking,  and  some  rise  in  the  tube  will 
be  the  result  in  most  cases.  In  eitiier  instance  the  result  is 
misleading,  particularly  in  the  last,  because  tbe  small  rise  of 
the  water  is  apt  to  allay  anysaspicioD  as  to  the  effectiveness 
of  the  test.  The  real  fact,  however,  remains  thitt  the  flow 
from  the  prodnctive  stratum  is  mainly  lost  below.  {'S)  Sup- 
pose that  the  packing  is  located  between  AandB,  aeinflgnre 
[14],II,  it  will  then  shut  off  the  flow  from  A.  while  that  in  B, 
because  of  a  lower  outlet,  will  fail  to  flow.  Now.  if  there  is 
Ofportanity  for  lateral  leakage  in  the  upper  strata  tbe  water  from  A  will  rise  in  the 
-well  imtsuteot  the  test-pipe  and  pass  off  into  these  open  upper  beds.  (4)  Bnt  if  no 
0nch  opportunity  is  afforded  it  may  rise  to  the  surface  and  overflow  outnfde  of  the 
-teflt-pipe,  while  the  water  within  the  test-pipe  will  probably  befound  to  be  lower  than 
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betora  tbe  test  was  made.  The  proper  method  of  tuBtiiig  wells  known  or  snipected 
to  present  theee  conditions  ia  to  sink  a  rimple  hog  of  seed  or  other  obetraction 
to  a  point  in  the  impervious  stratam  between  A  and  B,  which,  when  it  tifirhteDB 
in  its  place,  will  shut  off  the  tlow  below.  Then  a  tnbewlUi  packing  sunk  to  a  point 
above  A  will  effectnally  cut  off  a3i  leakage  in  the  npper  eirata,  and  the  fnll 
capacity  of  the  wtiter-bed  A  will  be  t«et«d. 

These  examples,  while  not  exhanatlTe  of  possible  cases,  illustrate  the  aatnre  of 
defective  testH  and  the  deceptive  conclnsiDne  liable  to  be  drawn  from  them.  The 
remedy  Is  manifest  Test  each  water-bearing  stratnm  as  it  is  enconntered,  or  else 
vary  the  final  teats  ao  as  effectnally  to  eiolnde  all  liabilities  to  error. 

To  test  the  pressure  of  the  water  in  an  artesian  well  and  thne  learn 
the  artesian  head,  a  tube  open  at  its  upper  extremity  may  be  attached 
to  the  top  of  the  casing,  or  of  a  pipe  inserted  in  the  well  and  provided 
with  a  seed  bag  at  the  proper  place,  and  carried  up  until  the  water 
no  longer  overflows.  For  this  pnrpose  a  rubber  hose  pipe  can  fre- 
quently be  used  to  advantage.  The  height  to  which  the  water  will 
rise  in  the  tube  will  show  the  horizon  below  which  other  wells  in  the 
same  artesian  basin  may  be  expected  to  yield  s  surface  flow.    The 
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same  result  can  be  reached  by  attaching  an  ordinary  steam  gage  to 
the  top  of  the  casing  and  reading  the  pressure.  Each  pound  of  pres- 
sure per  square  inch  will  be  equal  to  s  rise  of  water  in  an  open  tube 
to  the  height  of  2.31  feet. 

The  writer  wishes  to  emphasize  a  few  principles  which  evidently 
are  not  fully  appreciated  by  all  of  those  interested  in  the  drilled  wells 
of  the  Nez  Perce  region. 

(1)  All  wells  should  be  thoroughly  tested  in  one  or  more  of  the 
ways  just  described,  to  ascertain  the  pressure  of  the  water  at  various 
horizons,  and  if  siifBcient  pressure  is  discovered  at  any  horizon  to 
force  the  water  to  the  surface  the  well  above  that  point  should  be 
effectively  cased. 

(2)  When  flowing  water  is  obtained  the  well  should  be  securely 
dosed  at  all  times  when  the  water  is  not  being  used.  The  renson  for 
this  ia  that  every  flowing  well  ia  an  opening  into  a  reservoir  which  i.a 
not  inexhaustible. 

(3)  Welts  which  for  any  reason  are  abandoned  should  be  closed  just 
above  the  water-bearing  stratum,  ao  as  to  prevent  leakage  into  other 
porous  layers  or  through  fissurea.     This  can   be  accomplished  by 
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lowering  a  closely  fitting  plug  of  wood,  about  10  feet  in  length,  to  the 
proper  horizon.  The  swelling  of  the  wood  on  absorbing  the  water  will 
close  the  opening.  Possibly  a  more  satisfactoiy  way  would  be  to  fill 
the  boring  with  Portland  cement.  This  matter  is  so  important  that 
it  should  be  made  a  law  applicable  to  every  artesian  basin.  To 
demonstrate  the  importance  of  this  measure  it  is  but  necessary  to  con- 
sider the  wells  in  Tammany  Hollow  and  at  Denver,  which  either  are 
not  cased  or  are  imperfectly  cased  and  in  which  water  rises  to  a  definite 
horizon  and  in  some  instances  remains  at  that  level  even  when  active 
pumping  has  been  maintained  for  a  long  time.  Such  wells  are  in 
reality  flowing  wells,  although  the  escape  is  subterranean,  and  are  in 
each  case  reducing  the  pressure  in  the  supplying  stratum. 

ECOXOMIC  GEOJLOGY. 

From  the  hasty  reconnaissance  on  which  this  report  is  based  it  is 
not  safe  to  venture  far  in  reference  to  the  economic  value  of  the  min- 
eral resources  of  the  region.  A  few  notes,  however,  in  this  connec- 
tion may  be  of  some  service  when  a  more  thorough  geologic  survey  is 
undertaken. 

BUILDING  STONE. 

A  fine-grained,  gray  granite  (diorite)  of  excellent  quality  occurs  in 
practically  unlimited  quantity  on  Snake  River,  about  6  or  8  miles 
above  the  mouth  of  Grande  Ronde  River,  and  has  been  quarried  in  a 
small  way  at  two  or  three  localities.  The  excavations  thus  far  made 
are  not  sufficient  to  demonstrate  the  full  value  of  the  quarries,  but 
they  indicate  that  large-sized  blocks  of  homogeneous  stone  can  prob- 
ably be  obtained.  The  localities  referred  to  are  on  each  side  of  the 
river,  close  to  its  margin;  they  are  favorably  located  in  reference  to 
water  transportation,  and  it  is  safe  to  predict  that  this  beautiful 
granite  will  furnish  the  basis  for  an  extensive  industry  in  the  near 
future. 

A  so;newhat  coarse-graine<l  diorite,  or  what  in  commercial  circles 
would  be  termed  granite,  occurs  on  Mission  Creek,  where  it  cuts 
through  Craig  Mountain,  and  also  near  Kippeii.  Judging  from  the 
outcrop,  a  good  building  stone  might  be  obtained  at  these  localities 
should  a  demand  occur  which  would  counterbalance  the  difficulties  of 
transportation. 

Diorite  similar  to  that  on  Mission  Creek  occurs  in  vast  quantities  in 
Clearwater  Canyon,  from  near  Orofino  to  above  Kamiah,  and,  as  shown 
in  several  railroad  cuts,  an  unlimited  quantity  of  excellent  stone  for 
all  kinds  of  rough  masonry  can  easily  be  obtained.  At  all  of  the 
localities  examined  the  rock  is  much  broken  by  joints  and  is  traversed 
by  veins,  so  that  uniform  blocks  of  large  size  could  not  economically 
be  quarried.  This  region  demands  careful  study,  however,  for  the  con- 
ditions pertaining  to  transportation  are  favorable,  and  rock  of  uniform 
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grade  suitable  for  architectural  and  monumental  purposes  is  likely  to 
be  discovered. 

True  granite  is  abundant  in  the  central  part  of  the  Bitterroot  Moun- 
tains, but  its  distance  from  all  lines  of  transportation  makes  it  at 
present  of  no  commercial  value. 

Limestone  occurs  in  great  quantities  on  the  borders  of  Snake  River, 
from  1  to  3  miles  above  the  mouth  of  Grande  Ronde  River,  and  also 
about  8  miles  farther  upstream.  The  value  of  this  stone  for  marble 
has  not  l)een  tested,  but  it  certainly  merits  careful  stud}'.  An  analy- 
sis of  an  average  sample  of  the  rock  is  given  in  the  first  column  of  the 
subjoined  table  of  analyses  of  limestone,  which  shows  it  to  be  of  exct^p- 
tional  purity. 

Limestone  outcrops  beneath  th<»  Columbia  River  lava  on  the  right 
bank  of  Mission  Creek,  about  a  half  mile  above  where  it  emerges  from 
the  decider  portion  of  its  canyon  in  the  Craig  Mountain  uplift,  and  also 
in  a  gulch  about  1  mile  to  the  west.  Along  Mission  Creek,  for  a  dis- 
tance of  approximatelj'  300  feet,  the  limestone  is  admirably  oxix)s<hI 
in  the  precipitous  canyon  wall  to  a  height  of  500  feet.  It  is  in  general 
a  hard,  grayish  blue  rock,  containing  a  few  obscure  fossils.  The 
strike  of  the  beds  is  N.  50^  E.  (magnetic),  and  the  dip  is  eastward  a" 
an  angle  of  from  80  to  85  degrees.  Formerlj"  it  was  burned  in  kiln^, 
which  still  remain,  and  it  is  said  to  have  yielded  a  good  lime.  Tlie 
value  of  the  stone  as  marble  can  scarcely  be  judged  from  the  weatliere*! 
outcrops,  but  its  dark  color  would  probably  make  the  demand  for  it 
small,  even  if  on  quarrying  it  is  found  sufficiently  mai^sive  to  be  taken 
out  in  blocks  of  the  desired  size.  An  analysis  of  a  typical  samjde  *»f 
this  rock  is  i)resented  in  the  subjoined  table,  which  shows  that,  like  the 
similar  limestone  in  Snake  River  Canyon,  it  is  of  exceptional  purity 
and  will  make  an  excellent  lime,  and  it  is  all  that  could  be  desired  in 
the  production  of  Portland  cement  or  for  use  in  the  manufacture  of 
beet  sugar,  etc. 

On  the  left  bank  of  Mission  Creek,  opposite  the  outcrop  just 
described,  a  landslide  has  brought  down  basalt  from  above  and  con- 
cealed the  limestone  which  normally  should  appear  there.  Visitors 
to  this  locality  will  no  doubt  be  interested  in  observing  the  manner  in 
which  the  landslide  has  caused  the  stream  to  be  turned  aside  from  a 
formerly  more  direct  course  and  made  to  cut  into  its  right  bank,  thus 
removing  some  of  the  debris  that  once  concealed  a  portion  of  the  lime- 
stone and  making  it  more  available  for  quarrjnng.  The  surface  of 
the  fallen  mass  forms  an  irregular  terrace  at  an  elevation  of  about  ^v 
feet  above  the  stream.  The  surface  of  this  terrace  presents  a  good 
illustration,  on  a  small  scale,  of  landslide  topography. 

Limestone  occurs  also  at  Oroflno  and  at  three  or  four  localities  on 
Orofino  Creek  within  the  first  mile  above  its  mouth,  as  well  as  on  the 
southern  side  of  Clearwate>r  River  about  a  half  mile  below  Orofino. 
At  each  of  these  localities  the  well-defined  beds  are  associated  with 
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schist ;  they  strike  about  north-south,  and  stand  nearly  vertical.  The 
limestone  has  been  metamorphosed,  and  is  now  mostlj'  a  coarsely  crys- 
talline marble,  varying  in  color  from  white  to  gray.  It  is  susceptible 
of  a  high  polish,  and  should  find  a  ready  market  for  building  and 
monumental  purposes,  provided  it  can  be  had  in  blocks  of  the  desired 
size.  It  is  favorably  situated  for  quarrying,  being  close  to  the  North- 
ern Pacific  Railroad.  The  surface  is  considerably  shattered,  but  is 
not  deeply  weathered.  Whether  it  is  sufficiently  massive  at  a  mod- 
erate depth  below  the  surface  to  be  of  value,  can  only  be  determined 
by  trial.  A  sample  of  the  nearly  white,  coarse-grained  marble  from 
Orofino  has  been  analyzed,  with  the  results  shown  in  the  third  column 
of  the  following  table: 

Analyses  of  limestones  f rani  Nez  Perce  County,  Idaho, 
[W.  F.  Hlllebrand  and  George  Steiger,  analysts.] 


Constituent. 


'  Snake  River 
Canyon. 


Mission 
Creek. 


Orofino. 


Silica  (SiOs)  and  insoluble  materials  a. 


Iron,  manganese,  and  aluminum  oxides 

Calcium  oxide  (CaO) 

Magnesium  oxide  (MgO) 

Cari>on  dioxide  (.COs),  calculated 

Organic  matter 


Calcium  carbonate  (CaCOs)  h 

Magnesium  carbonate  (MgCOg)  b. 


Per  cent. 

U.39 

0.10 
55.31 

0.10 
43.59 


Per  cent. 

1.19 

(Smca:::il.08) 

0.19 
54.75 

0.51 

43.50 

Strong  trace. 


Per  cent. 

0.64 

(Silica =0.37) 

0.12 

61.96 

8.05 

44.08 

Trace. 


100.14 


0.21  I 


97.69 
1.07 


99.85 


92.71 
6.38 


a  The  insoluble  i>ortions  in  analyses  Nob.  2  and  3  contained  a  trace  of  titanium  oxide  (TiOj). 
h  The  amount  of  carbonates  calculated  are  a  trifle  too  high  if  the  silica  found  was  originally  in 
combination  with  some  of  the  dissolved  lime  and  magiiesia. 

The  analysis  of  Snake  River  limestone  is  by  Steiger;  the  others 
are  by  Hillebrand. 

The  limestones  from  Snake  River  Canyon  and  Mission  Creek  are 
exceptionally  pure  and  are  suitable  for  use  in  the  manufacture  of 
Portland  cement,  in  the  beet-sugar  industry,  etc.  The  limestone  at 
Orofino  evidentl}'  would  make  a  good  lime  if  properly  calcined,  but  it 
is  not  desirable  for  the  other  purposes  mentioned,  on  account  of  the 
magnesium  present.  There  are,  however,  several  beds  of  limestone 
near  Orofino,  a  careful  study  of  each  of  which  would  very  likely  reveal 
the  presence  of  material  as  rich  in  calcium  carbonate  and  as  free  from 
impurities  as  the  limestone  from  Mission  Creek  and  Snake  River 
Canyon. 

Basalt  (lava)  is  everywhere  abundant  in  the  Nez  Perce  region  to 
the  west  of  the  foothills  of  the  Bitterroot  Mountains,  and  generally 
throughout  central  and  eastern  Washington  and  Oregon.  Its  somber 
color  makes  it  objectionable  for  most  architectural  purposes,  except  for 
the  foundations  of  buildings,  bridges,  etc.,  but  in  many  cities  similar 
rock  has  been  used  for  entire  buildings.    Its  chief  use  should  be  for 
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road  material,  to  which  purpose  it  is  well  adapted.  It  is  hoped  that 
the  time  will  soon  come  when  the  poor  roads  of  the  region  occupied  by 
the  Columbia  River  lava  will  be  improved  by  macadamizing  them. 

The  volcanic  dust  interbedded  with  the  Columbia  River  lava  on 
Captain  John  and  Asotin  creeks  has  been  used  for  the  walls  of  a  bank 
building  in  Lewiston,  and  has  the  advantage  of  being  easily  worked 
and  of  a  desirable  color.  It  is  doubtful,  however,  whether  the  use  of 
this  stone  for  outside  walls  should  be  encouraged;  but  for  interior 
walls,  especially  of  fireproof  buildings,  it  has  decided  advantages 
over  most  other  stones.  It  would  be  interesting  to  experiment  with 
this  dust,  in  connection  with  Portland  cement,  in  the  manufacture  of 
artificial  stone,  and  also  to  test  its  desirability  as  an  ingredient  of 
friction  soap.  The  finer  grades,  when  well  sifted,  make  a  good 
polishing  powder. 

Slate  of  a  pleasing  reddish  color,  of  easy  cleavage,  and,  so  far  as  can 
be  judged  from  natural  exposures,  of  good  quality,  occurs  on  the  east- 
ern side  of  Cottonwood  Butte,  and  is  well  located  for  quarrying.  This 
material  should  be  thoroughly  tested  as  soon  as  transportatiom  facili- 
ties admit  of  its  being  put  on  the  market,  to  ascertain  whether  sheets 
of  the  desired  size  can  be  obtained. 

LIGNITE. 

In  the  sedimentary  beds  interstratified  with  the  Columbia  River  i 
lava  lignite  has  been  discovered  at  several  localities.  On  the  south- 
ern side  of  Clearwater  River  a  half  mile  below  Orofino  openings  have  i 
been  made  in  the  side  of  the  canyon,  on  the  farm  of  F.  M.  Holt,  at  an  ; 
elevation  of  about  200  feet  above  the  river,  which  reveal  the  following  I 
section : 

Section  on  Clearwater  River  one-fialf  mile  below  Orofino, 

Feet.  I 

Tains,  from  slopes  above ' 

Sandstone,  coarse 2.0 

Slate,  fine,  sandy 0.8 

Lignite,  with  branches  of  trees 0,2  to  0.5 

Sandstone 2.5 

Lignite 0.2  to  0.4 

Sandstone 5.0 

Lignite     1.7 

Sandstone,  bottom  not  seen 1.0 

Tains  to  the  river  bank 

The  beds  are  well  exposed  in  the  openings  that  have  been  made, 
one  of  them  being  a  tunnel  about  40  feet  in  length,  but  the  materia] 
is  part  of  a  series  of  landslides,  and  the  true  position  of  the  lig^it«^ 
should  be  sought  about  500  feet  higher  than  where  it  is  now  to  btj 
seen.  The  prospecting  that  has  been  done  serves  to  indicate  tliat  d 
bed  of  lignite  exists  beneath  the  neighboring  plateau,  but  there  is  ii< 
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reason  for  doing  further  work  at  the  locality  where  openings  have 
already  been  made. 

Lignite  is  reported  to  occur  at  several  localities  on  Orofino  Creek 
(all  of  it  probably  belonging  to  approximately  the  same  bed),  within 
a  distance  of  several  miles  in  the  middle  XK)rtion  of  its  course.  The 
only  one  of  these  outcrops  that  was  examined  by  the  writer  is  situ- 
ated on  the  immediate  banks  and  in  the  bed  of  the  ei-eek  about  15 
miles  above  its  mouth  (sec.  12,  T.  36,  R.  4),  but  is  not  in  place.  As 
already  explained,  vast  numbers  of  landslides  have  occurred  on  each 
side  of  the  canyon  of  Orofino  Creek  throughout  its  entire  length  in 
the  Columbia  River  lava.  The  number  and  large  size  of  these  slides 
is  evidence  of  the  presence  of  a  thick  layer  of  soft  material  beneath 
the  upper  sheet  (or  sheets)  of  the  lava  which  forms  the  surface  of  the 
adjacent  plateaus.  On  the  left  bank  of  the  creek,  at  the  locality 
referred  to,  and  partially  submerged,  the  following  section  is  exposed^ 
the  dip  being  south  at  an  angle  of  30  degrees  and  the  strike  about 
east- west,  or  with  the  course  of  the  stream : 

Section  on  Orofino  Creek  about  IS  mUes  above  motith. 

Inches. 

Sandstone,  gray,  with  fossil  leaves 12. 0 

Lignite 20.0 

Clay  parting 2.5 

Sandstone,  base  not  exposed 6. 0 

These  outcrops  can  be  followed  along  the  bank  of  the  creek  and  in 
its  bottom  for  a  distance  of  60  to  70  feet.     Near  the  upstream  end  of 
this  natural  exposure,  on  the  north  side  of  the  creek  and  at  the 
water's  edge  during  low-water  stages,  a  prospect  shaft  about  15  feet 
deep  has  been  opened.     In  this  shaft  the  strata  where  first  met, 
beneath  a  foot  or  two  of  surface  debris,  are  nearly  vertical,  but  below 
they  dij)  northward  and  soon  flatten,  until  the  inclination  is  about  50 
decrees.     The  lignite  is  27  inches  thick,  and  has  fine  micaceous  clay 
on   its  southern  side  and  a  coarse  sandstone  on  its  northern  side. 
Tlie  lignite-bearing  formation  on  the  two  sides  of  the  creek  is  a  por- 
tion of  a  sharp  upward  fold  or  anticline,  which  is  broken  along  its 
crest,  where  the  ^reek  now  flows.     This  fold  is  obviously  due  to  the 
weight  of  the  landslides  on  each  side,  and  is  not  a  structural  feature 
of  the  beds  in  place. 

The  true  position  of  the  lignite  in  the  canyon  walls  is  not  known, 
but  should  be  looked  for  at  an  elevation  of  between  400  and  600  feet 
il>o  ve  the  creek.  The  lignite-bearing  rocks  no  doubt  underlie  a  wide 
extent  of  the  adjacent  plateaus. 

Tlie  most  satisfactory  way  in  which  to  prospect  for  the  lignite  would 
3e  to  put  down  drill  holes  on  the  plateaus,  where  the  formations  are 
inclisturbed,  unless  a  locality  can  be  found  along  the  borders  of 
>roilno  Canyon  or  its  branches  where  the  all-prevailing  talus  and  dis- 
>laced  masses  leave  the  sedimentary  beds  exposed. 
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Lignite  is  reported  to  occur  at  several  localities  in  the  bed  of  Orofino 
Creek  above  the  exposure  just  described.  It  is  doubtful,  however, 
whether  any  of  these  outcrops  are  in  place,  but  they  should  indicate 
the  value  of  the  deposits  beneath  the  adjacent  plateaus.  It  is  also 
reported  to  exist  at  several  places  in  Little  Canyon,  to  the  south  of 
Orofino.  One  of  these  outcrops,  near  Russel,  which  was  examined  by 
the  writer,  is  at  the  bottom  of  the  canyon,  which  there  is  800  feet 
deep  and  has  precipitous  walls  composed  of  horizontally  bedded  lava 
sheets.  Throughout  the  portion  of  the  canyon  seen  there  is  a  notable 
absence  of  conspicuous  landslides,  from  which  fact,  and  from  the 
abundant  exposures  of  the  edges  of  lava  sheets,  it  is  to  be  inferred 
that  sedimentary  beds  at  a  higher  level  than  those  in  the  bottom  of 
the  canyon,  described  below*,  are  either  absent  or  are  of  small  thick- 
ness. On  each  side  of  the  canyon  at  the  locality  referred  to  near 
Russel,  where  a  lateral  canyon  joins  it  from  the  eastward,  and  on  the 
border  of  the  tributary  brook,  the  following  section  was  exxx)sed  by  a 
recent  excavation: 

Section  in  Little  Canyon,  near  Russel,  Idaho, 

Inches. 

Talus,  fallen  from  above .75.0 

CarboDaceotiB  shale,  apparantly  altered  by  heat 41 . 0 

Parting  of  white  laminated  shale  composed  in  part  of  vol- 
canic dnst 1.0 

Black  carbonaceous  shale 2.5 

White  **shale"..-. 1.5 

Black  carbonaceous  shale 6.0 

White  laminated  shale ^ 10.0 

Coarse  sandstone  with  fragments  of  shale,  base  not  exposed  d6. 0 

Total,  about feet..    14.5 

The  carbonaceous  shale  reported  in  the  section,  although  probably 
mistaken  for  lignite,  or  **coal,"  by  the  parties  who  prospected  it,  is 
much  too  earthy  to  pass  for  that  material,  and  is  pi-obably  of  n<» 
economic  value.  Although  no  lignite  was  seen  by  the  writer,  ami 
none  has  certainly  been  discovered  in  Little  Canyon,  the  presence  of 
carbonaceous  shale,  sandstone,  etc.,  at  about  the  horizon  at  which  th*- 
lignite  near  Orofino  pirobably  belongs,  is  sufiftcient  ehcouragemeut  t*« 
warrant  the  sinking  of  a  prospecting  shaft  at  the  locality  described. 
Equally  favorable  sites  for  prospecting  no  doubt  occur  at  other  places 
in  Little  Canyon,  and  probably  also  in  Big  Canyon.  In  making  such 
a  test  as  suggested,  the  talus  should  be  cleared  away  from  the  ba^se  oi 
the  cliffs,  so  as  to  expose  the  contact  of  the  sedimentary  beds  with  ihe 
basalt  above,  and  a  shaft  be  sunk  at  a  locality  where  it  would  not  W 

1  The  peculiar,  evenly  laminated  white  *' shale ''  is  composed  in  imrt  of  volcanic  dnst,  and  l- 
crossed  by  irregular  and  in  places  vertical  fissures  which  are  filled  with  a  dark  material,  prv 
ably  once  a  soft  mud,  containing  fragments  of  both  sedimentary  and  volcanic  origin.    Simila.* 
debris-filled  fissures  were  observed  in  the  beds  of  fine  white  volcanic  dust  exposed  in  Potlat- 1 
Canyon. 
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flooded  during  high  water.  The  shaft  should  be  continued  through 
the  sedimentary  beds  and  at  least  a  few  feet  into  the  basalt  beneath. 
A  single  shaft,  however,  would  not  be  sufficient  to  determine  the  value 
of  the  field  over  a  large  area,  as  it  is  possible  that  the  lignite  occurs 
in  more  or  less  detached  lenticular  bodies,  each  one  representing  the 
vegetable  matter  accumulated  in  an  old  swamp. 

Lignite  is  reported  to  occur  at  a  few  other  localities  in  the  lava- 
covered  portion  of  Nez  Pei'ce  County,  as,  for  example,  on  Captiiin 
John  Creek;  but  these  places  were  not  visited  during  the  i-econnais- 
sance.     It  has  also  been  discovered  on  the  southern  side  of  the  Blue 
Hills  in  Washington — on  the  slopes  leading  down  to  Grande  Ronde 
River,  about  20  miles  from  the  mouth  of  that  river.     The  openings  in 
lignite  which  have  been  made  are  on  S.  P.  McNeil's  land  and  neigh- 
boring ranches,  but  other  outcrops  are  said  to  occur  on  each  side  of 
the  canyon  in  this  region  throughout  a  distance  of  several  miles. 
The  northern  side  of  the  canyon,  as  ali'eady  described,  is  encumbered 
with  landslides,  and  a  very  large  part  of  the  secondary  topographic 
features  are  due  to  this  cause.     The  marked  prevalence  of  landslides 
and  the  large  size  of  some  of  the  displaced  rock  masses  are  strong 
evidence  of  the  presence  of  thick  layers  of  soft  material  between  the 
conspicuous  lava  sheets.     The  indications  of  the  presence  of  sedi- 
mentary beds  which  are  furnished  by  the  topography  are  confirmed 
by  known  outcrops  of  sandstone,  lignite,  clay,  volcanic  dust,  etc.     All 
of  the  exposures  of  lignite  observed  by  the  writer  are  on  or  near 
Mr.  McNeil's  ranch.     At  one  locality  a  tunnel  about  125  feet  long 
has   been  excavated,  all  of  it  in   lignite.     Near  the  inner  end  of 
Jthis  tunnel  a  thickness  of  9  feet  of  lignite,  practically  without  part- 
ingHf  was  measured,  but  neither  its  upper  nor  lower  surface  was 
exposed.^    Well  within  the  tunnel  the  dip  is  northward  at  an  angle 
of  2  to  2^  degrees.     In  another  excavation,  about  2  miles  east  of  the  one 
just  referred  to,  a  thickness  of  16  feet  of  lignite  is  reported  to  occur, 
and  there  seems  no  reason  to  doubt  the  accuracy  of  the  observation. 
All  of  the  facts  learned  by  the  writer  pertaining  to  the  lignite  in  the 
canyon  of  Grande  Ronde  River  are  in  harmony  with  the  idea  that  the 
oi>enings  thus  far  made  in  it  are  in  landslides,  and  that  the  true  position 
of  the  b^s,  or  where  they  occur  in  place,  is  200  or  300  feet  below  the 
summit  of  the  canyon  walls.     From  the  facts  in  hand  it  seems  evident 
that  the  thickness  of  the  lignite  where  openings  have  been  made  in  it 
is  abnormal  and  does  not  represent  the  thickness  that  will  be  found 
irliere  the  beds  are  discovered  in  place.     As  is  well  known,  a  mass  of 
rock  descending  in  a  landslide  ^accumulates  material  beneath  it,  along 
its  lower  margin,  and  on  coming  to  rest  almost  invariably  has  a  baek- 


>  The  writer  has  been  Informed  by  Mr.  E.  W.  Barnes,  of  Portland,  Oregon,  under  date  of  January 
9,  ISOl,  that  since  the  visit  to  the  tunnel  during  the  reconnaissance  it  has  been  extended  about 
25  f  eetf  and  a  winze  has  been  sunk  at  its  end  to  a  depth  of  20  feet  from  the  roof  of  the  tunnel,  all 
in  lignite,  with  the  exception  of  a  few  thin  partings.  The  writer  understands,  however,  that 
even  these  recent  excavations  failed  to  reveal  the  full  thickness  of  the  lignite. 
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ward  dip,  or  is  inclined  downward  toward  the  cliff  from  which  it  broke 
away.  In  the  tunnel  referred  to  the  dip  is  northward,  but  the  down- 
ward inclination  of  the  rocks  in  place  in  that  region  should  be  south- 
ward, as  previously  explained.  The  lignite  and  its  accompanying 
beds  of  sedimentary  material  and  volcanic  dust  appear  to  have  been 
sheared  and  overthrust,  owing  to  the  weight  and  motion  of  the  over- 
lying basalt,  which  descended  with  them.  For  this  reason  they  exhibit 
a  greater  thickness  than  should  be  assigned  to  them  in  estimating 
their  commercial  value. 

While  the  bodies  of  lignite  in  some  of  the  landslides  are  no  doubt 
of  sufficient  size  to  be  of  value,  no  great  areas  are  to  be  expected. 
The  present  excavations  are  sufficient  to  demonstrate  the  quality  of 
the  material  so  far  as  the  beds  exposed  are  concerned,  and  if  this  is 
found  to  be  satisfactory,  future  prospecting,  with  the  view  to  dis- 
covering the  beds  in  place,  is  justifiable.* 

The  discover}"  of  the  lignite  in  place  should  not  be  a  difficult  mat- 
ter. After  traveling  over  the  slopes  where  landslides  are  prevalent, 
and  becoming  familiar  with  the  characteristic  features  in  the  relief 
produced  by  them,  a  wide-reaching  view  of  the  canyon  walls,  such  as 
can  be  obtained  from  almost  any  eminence  in  the  region,  will  enable 
one  to  determine  the  localities  where  the  rocks  are  still  in  place.  These 
areas  will  usually  be  found  to  be  bounded  by  cliffs  from  which  land- 
slides have  fallen,  and  the  removal  from  the  bases  of  these  cliffs  of 
the  all-prevailing  surface  debris  should  reveal  the  sedimentary  lieds 
carrying  the  lignite.  A  shaft  sunk  at  the  margin  of  such  an  escarp- 
ment should  be  carried  down  to  the  next  sheet  of  basalt,  and  would 
reveal  such  lignite  beds  as  maj'^  be  present.  The  test  should  not  be 
abandoned  in  case  a  lignite  seam  is  found  which  is  too  thin  to  be 
worked  to  advantage,  for  other  seams  may  occur  below  it.  The 
lignite  layers  no  doubt  varj^  in  thickness  from  place  to  place,  and  a 
thin  seam  discovered  in  one  shaft  may  be  found  to  thicken  at  a  neigh- 
boring locality.     Probablj'  the  localities  where  the  lignite  can  most 

*  Mr.  E.  W.  Barnes,  of  Portland,  Oregon,  has  kindly  furnished  the  following:  analyses  of  sam- 
ples of  lignite  from  the  locality  described,  which  were  collected  by  himself.  The  analyses  wen? 
made  at  the  Montana  Metallurgical  Works,  Portland,  Oregon,  J.  T.  Gore,  manager. 

Analyses  of  lignite  from  Orande  Ronde  River^  Waahington. 


Constituent. 

Sample  Na  1. 

Sample  No  t 

Moisture 

Percent. 

80.  SO 

40.76 

31. 2S 

7.60 

Percent 

6.*} 

Volatile  combustible  matter 

3d  %' 

Fixed  carbon 

42.(>' 

Ash 

IS  (i> 

Total 

100.00 

100.  d' 

If  sample  No.  1  fairly  represents  the  beds  described,  it  is  evident  they  are  of  commercisi 
importance.  It  is  desirable,  however,  to  have  tests  made  of  the  heating  properties  of  the  lig- 
nite on  a  large  scale  before  forming  a  positive  opinion  as  to  its  value. 
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easily  be  found  in  place  are  in  the  cliffs  on  the  south  side  of  the  river, 
200  or  300  feet  below  their  summits;  but  a  mine  developed  there  will 
have  to  follow  a  seam  which  is  dipping  southward,  or  awaj^  from  the 
mouth  of  a  tunnel  begun  at  the  outcrop,  and  in  general  would  be  more 
difficult  to  drain  than  a  mine  on^ihe  north  side  of  the  river,  where  the 
dip  would  favor  both  drainage  and  the  removal  of  the  lignite.  The 
most  favorable  location  on  the  south  side  of  the  river  would  be  near 
the  head  of  a  lateral  canyon,  for  at  such  a  locality  a  tunnel  could  l^e 
run  approximately  parallel  with  the  strike  of  the  beds,  thus  insuring 
drainage  for  lateral  tunnels  which  might  be  directed  up  the  slope. 

In  most  instances  the  lignite  retains  its  woody  structure,  and  looks 
very  like  the  wood  derived  from  modem  peat  swamps.  Its  color  is 
black  when  wet,  and  except  when  composed  largely  of  trunks  and 
branches  of  trees  is  nearly  black  when  dry.  It  exfoliates  and  crum- 
bles rapidly  when  exposed  to  the  air.  The  woody  portions  when  dry 
have  a  rich  brown  color  and  clearly  show  their  structure.  It  can  not 
be  termed  coal,  and  is  apparently  a  rather  poor  quality  of  lignite. 
These  statements  applj'  to  the  lignite,  so  far  as  the  writer  has  seen  it, 
at  all  of  the  openings  made  in  it  in  the  Nez  Perce  region,  except  the 
one  on  Oi-ofino  Creek,  where  kernels  and  irregular  masses,  an  inch  or 
more  across,  of  yellow  resin  but  little  altered  from  its  original  condi- 
tion are  conspicuous  in  certain  portions  of  the  deposit.  Small  speci- 
mens of  lignite  "float,"  said  to  have  been  found  in  the  canyon  of  the 
North  Fork  of  Clearwater  River  in  the  vicinity  of  Elk  Creek,  and 
other  similar  fragments  from  Orofino  Creek  are  jet  black  in  color,  and 
evidently  are  of  much  better  quality  than  any  of  the  material  thus 
far  obtained  at  the  localities  described. 

GOLD,  SILVER,  AND  COPPER. 

To  the  reader  who  is  not  familiar  with  the  mineral  resources  of  the 
Nez  Perce  region  it  may  be  of  interest  to  learn  that  the  crystalline 
rocks  of  older  date  than  the  Columbia  River  lava  are  quite  generally 
ore  bearing.  These  rocks  in  many  instances  are  metamorphic  in  char- 
acter; that  is,  they  consist  of  either  sedimentary  or  igneous  material 
that  has  been  greatly  altered  by  heat  and  pressure  and  by  movements 
which  have  caused  it  to  become  sheared  and  assume  a  schistose  struc- 
ture. Besides  these  changes  there  have  been  great  intrusions  of  mol- 
ten magmas,  either  into  fissures,  as  in  the  formation  of  the  numerous 
dikes,  or  of  a  regional  character,  as  the  intrusion  of  granite,  diorite, 
etc.,  into  the  earth's  crust  from  great  depths  below  the  surface. 
Where  either  the  metamorphic  or  plu tonic  rocks  are  exposed  at  the 
surface  it  is  manifest  there  has  been  deep  erosion.  The  thickness  of 
rock  removed  has  not  been  measured,  but  may  safely  be  estimated  at 
several  thousand  feet.  The  rocks  which  once  were  deeply  buried  are 
f  requentlj'  traversed  b}'  veins  in  which  more  or  less  metallic  material. 
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in  the  form  ol  free  gold  or  of  ores  of  silver,  copper,  etc.,  has  been 
deposited  from  the  heated  waters  which  percolated  through  them*. 

In  general  the  rocks  exposed  beneath  the  Columbia  River  lava  in 
the  canyons  of  Snake,  Salmon,  and  Clearwater  rivers  are  such  as  are 
looked  to  for  deposits  of  gold,  silver,  copper,  and  many  other  ores  and 
minerals.  The  prediction  which  a  geologist  would  be  led  to  make  from 
the  general  character  of  these  rocks  is  that  they  will  be  found  to  con- 
tain the  precious  metals,  which  is  verified  by  the  discovery  of  gold  and 
of  ores  of  silver  and  copper  in  what  are  reported  to  be  rich  deposits. 
Several  gold  mines  are  being  worked  to  the  east  of  the  margin  of  the 
Columbia  River  lava,  and  hundreds  of  promising  prospects  are 
reported  in  the  same  rugged  country.  The  most  productive  gold- 
bearing  quartz  mines  in  the  region  shown  on  the  map  forming  PL  11 
are  in  its  northeastern  portion,  in  the  Mascot  Hills;  but  similar  con- 
ditions exist  as  far  south  as  Mount  Idaho.  Just  what  the  future  of 
these  gold  mines  w^ill  be  no  one  can  tell,  but  the  superficial  examina- 
tion which  the  writer  was  enabled  to  make  failed  to  indicat-e  great 
possibilities.  The  rocks  contain  numerous  small  gash  veins,  consist- 
ing of  quartz  which  has  been  deposited  from  solution  and  containing 
mineral  matter  derived  from  the  adjacent  country  rock;  butthej'did 
not  reveal  the  presence  of  any  true  lodes  or  fissure  veins.  The  small 
veins  are  frequently  rich  and  serve  to  stimulate  prospecting,  but  the 
chances  of  discovering  a  bonanza  are  meager. 

The  great  amount  of  erosion  referred  to,  which  has  led  to  the 
exposure  of  the  vein-bearing  rocks  now  occupying  the  surface,  was 
accomplished  by  the  crumbling  and  decay  of  a  vast  amount  of  rock 
similar  to  that  now  in  sight.  The  removal  of  this  material  by  streams 
resulted  in  its  being  assorted,  the  gold  which  it  contained  being  con- 
centrated on  their  beds.  In  this  manner  the  bottoms  of  all  of  the 
streams  flowing  away  from  the  mountains  of  old  crystalline  rock 
became  charged  with  alluvial  or  placer  gojd.  Gold  is  now  obtained 
by  washing  the  gravel  along  Snake,  Salmon,  and  Clearwater  rivers, 
and  the  total  amount  collected  each  year  is  considerable.  The  gold 
along  the  main  streams  and  in  the  gravel  forming  their  abandoned 
flood  plains  is  nearly  all  fine,  so  fine,  in  fact,  that  in  most  instances 
a  portion  only  of  it  can  be  saved  by  any  known  method  of  placer 
mining.  Along  some  of  the  smaller  streams  tributary  to  Clearwater 
River  rich  placers  of  coarse  gold  have  been  discovered.  The  mo^t 
productive  of  these  are  just  above  the  margin  of  the  Columbia  River 
lava;  but  they  have  now  been  worked  out  and  abandoned.  Rich 
copper  ores  are  obtained  in  the  side  of  the  canyon  of  Snake  River 
above  the  mouth  of  Grande  Ronde  River,  and  important  developments 
in  that  field  are  to  be  expected. 

To  the  reader  who  has  labored  for  years  with  pick  and  shovel  in 
searching  for  treasures  in  the  Nez  Perce  region  the  writer  has  but 
one  suggestion  to  offer.     In  a  preceding  paragraph  attention  wa> 
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directed  to  the  well-known  process  by  which  rocks  are  disintegrated 
and  the  gold  which  they  contain  is  concentrated   in  stream  l>ed8. 
As  this  process  was  in  action  long  before  the  coming  to  the  surface 
of  the  Columbia  River  lava,  it  is  evident  that  the  stream  channels 
beneath  the  lava  should  contain  gold.    The  exceedingly  rich  placers  on 
Cow,  Reid,  and  other  creeks  on  the  border  of  the  Mascot  Hills  occurred 
in  gulches  just  above  the  margin  of  the  lava,  and  but  little  gold  has 
been  obtained  from  above  the  lava  itself.     One  reason  for  this  is  that 
the  streams  from  the  uplands  of  old  crystalline  rock  experience  a 
sudden  change  in  gradient  on  meeting  the  level  lava  sheets,  being 
swift  in  the  older  portions  of  their  channels  and  sluggish  where  they 
flow  across  the  lava  to  the  head  of  a  canyon  cut  in  it.     Under  these 
conditions  the  greater  portion  of  the  gold — in  fact,  all  except  possibly 
the  thinnest  flakes — brought  down  by  the  streams  from  their  swifter 
upper  courses  would  be  deposited  where  the  change  in  gradient  occurs. 
But  the  streams  were  carrying  gold  before  the  lava  interrupted  their 
flow,  and  the  portions  of  their  beds  beneath  the  lava  should  con- 
tafn  the  yellow  metal.     These  old  channels  should  be  searched  for. 
They  may  not  be  directly  beneath  the  present  streams,  but  may  open 
into  the  canyons  cut  in  the  lava  from  the  side,  and  possibly  be  a  mile 
or  two  below  where  a  stream  makes  its  plunge  into  the  canyoned  por- 
tion of  its  course.     The  sides  of  the  canyons  are  encumbered  with 
talus  and  landslides,  but  excavations  made  where  this  material  is  thin 
should  reveal  the  buried  gravel,  which  might  repay  washing,  and 
tunnels  opened  in  it  and  beneath  the  lava  covering  would  affoi*d 
means  of  getting  rid  of  the  debris,  so  that  the  deposits  on  the  surface 
could  be  worked.     The  possibilities  of  finding  gold-bearing  gravel 
beneath  the  Columbia  River  lava  or  interbedded  with  it  are  such  that 
the  contact  of  the  lava  with  the  underlying  formations  exposed  along 
Snake,  Salmon,  and  Clearwater  rivers  should  be  carefully  searched. 
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APPENDIX  A. 


ELEVATIONS  IN  NEZ  PERCE  REGION. 

The  following  elevations  are  from  surveys  made  by  the  Northern 
Pacific  Railway  Company,  and  have  been  furnished  by  Mr.  E.  H. 
McIIenry,  chief  engineer.  In  each  case  thej'^  were  taken  either  at  the 
top  of  the  tie  opposite  the  center  of  the  depot,  or,  where  depots  have 
not  been  constructed,  at  the  center  of  sidings,  and  are  from  profile 
elevations  reduced  to  sea  level : 

Elevations  hy  Northern  Pacific  Railway  Company, 

Feet. 

Agatha  (sidetrack) 908.0 

Ahsahka  (sidetrack) 1,002.0 

Basalt  (side  track) 855.6 

Caldwells  spur 1,265.8 

Guide  Sac  spur- 1.616.8 

Juliaetta  (depot) 1,084.0 

Kamiah  (depot) 1.197.8 

Kooskia  (side  track) 1,363.0 

Lenore  (depot) 923.0 

Lewiston  (depot) 739.8 

North  Lapwal  (depot) 809.0 

Orofino  (depot) 1,028.0 

Peck  (depot) 903.0 

Potlatch  (depot) 829.0 

Stiles  (Side  track) 1,320.0 

Sweetwater  (depot) ^ 1.102.0 

Weippe  (sidetrack) ' 1,088.8 

The  following  elevations  are  from  surveys  made  by  the  Oregon 
Railway  and  Navigation  Company,  and  are  above  sea  level: 

Elevations  by  Oregon  Railway  and  Navigation  Company, 

Feet. 
Top  of  State  line  monument  on  north  bank  of  Clearwater 

River,  at  its  moath,  near  Lewiston 757. 93 

High-water  mark  at  junction  of  Snake  and  Grande  Ronde 

rivers 842.8 

High-water  mark  on  Snake  River  at  boundary  between 

Oregon  and  Washington 886. 0 

High- water  mark  at  junction   of  Snake  and  Salmon 

rivers 965.0 

High- water  mark  at  Douglas,  57  miles  above  Lewiston. .  1, 012. 0 

Note.— The  elevations  given  in  the  body  of  this  report  are  from  aneroid  xneasarements,  whidb 
frequently  could  not  be  checked  by  comparison  with  definite  bench  marks,  and  moat  be  takec 
simply  as  approximations  to  the  actual  heights  of  the  localities  mentioned. 
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NOTES   CONCERNING   PORTLAND    CEMENT. 

Portland  cement  is  an  artificiallj'  prepared  substance  which  has  the 
property  of  hardening  in  the  air  when  mixed  with  a  suitable  propor- 
tion of  water,  and  of  remaining  hard  when  immei*sed  in  water.  Its 
value  lies  in  the  fact  that  when  used  in  masonry  it  produces  a  strong 
bond  which  does  not  weaken  when  submerged  in  water  or  exposed  to 
a  damp  atmosphere.  In  its  manufacture  an  intimate  mechanical 
mixture  of  finely  pulverized  limestone,  or  marl,  and  clay  is  *' burned  " 
at  a  high  temperature,  and  the  resulting  "clinker"  is  ground  to  a 
fine  x)owder.  The  finished  cement  does  not  necessarily  have  a  fixed 
and  definite  composition,  but  considerable  variation  may  occur  and 
an  excellent  product  still  be  obtained.  The  degree  of  variation  in 
composition  usually  considered  allowable  is  indicated  in  the  first 
column  of  the  subjoined  table.  As  is  shown  by  the  permissible  vari- 
ation in  its  finished  product,  there  is  considerable  latitude  allowable  in 
selecting  the  raw  material;  but  the  limestone  and  clay  need  to  sup- 
plement each  other,  so  that  when  mixed  in  the  proper  proportions  the 
resulting  "slurry,"  as  such  a  mixture  is  termed  before  being  burned, 
will  not  vary  in  chemical  composition  beyond  the  approximate  limits 
indicated  in  the  second  column  of  the  following  table: 

Analyses  aJuncing  permissible  variations  in  the  composition  of  Portland  cement 

and  in  the  slurry  from  which  it  is  made,^ 

Permissible  variation. 


Constituent.  ,    Portland    I       r,„,,^ 

;     cement.     I       Slurry. 


Silica  (SiOs). 


Per  cent. 
20     to24 
6     to  10 


Alumina  (AlgOj) o  w  ±u 

Ferric  oxide  (FejOs) 8  to  5 

Calcium  oxide  (CaO) 60  to64 

Magrnesiam  oxide  (MgO) 


Sulphuric  anhydride  (SOs) 


X     to  8.5 
0.6  to  0.7 


Per  cent. 

12. 68  to  15. 28 
3.80  to  6.84 
1.90 to  3.17 

38. 04  to  40. 58 
0.65  to  2.25 
0.35  to   1.25 


In  the  following  table  analyses  are  presented  of  the  limestone,  marl, 
clay,  and  shale  used  in  the  manufacture  of  some  of  the  standard 

>  The  writer  is  indebted  to  Prof.  E.  D.  Campbell,  of  the  University  of  Michigran,  for  the  data 
Ixerewith  presented. 
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brands  of  Portland  cement,  or  that  have  furnished  satisfactory  results 
in  the  making  of  small  samples  of  cement  in  the  laboratory: 

Analyses  of  raw  materials  used  tn  making  Portland  cement. 


ConBtitnent. 


Limestone. 


Marl.  • 


Clay. 


Per  ct.   Per  ct.  I  Per  ct. 


Silica  (SiO,) 3.53 

Alumina  (AlsQ*) !\    i  i^ 

Ferric  oxide  (Fe,05) /    ^'^ 


''e,u«). 
Calcium  oxide  (CaO) 
Magn^esium  oxide  !  MeO) . . 
Sulphuric  anhydride  (SOa) 
Lobs  on  ignition i    38.74 


54.45 
0.44 


2.14 

1.46 

52.84 
1.04 


42.52 


08.30  <  100.00 


Calcium  carbonate  (CaCOg),  com- 
puted  

Magrnesium  carbonate  (MgCOs), 
computed 


07.23 
0.»2 


94.35 

2.18 


{ 


0.52 
0.51 
0.53 

51.  <M 
1.37 
0.89 

44.52 


100.00 


92.25 

.2.87 


Per  ct. 
0.20 
0.50 
0.60 

50.12 
0.83 
0.56 

47.19 


Per  ct. 

50.15 

19.85 

8.30 

3.03 

1.36 

"  "8.'62" 


100.00  I    90.71 


80.50 
1.74  I 


Per  ct. 

61.68 

19.00 

3.12 

2.40 

i.n 

0.43 
7.18 


Shale. 


Perct 
63.25 
21.06 

3 

0 

1 


40 

84 
78 


6.10 


96.18       98.43 


Per  ct. 

49.  &» 

25.33 

6.05 

3.12 

1.65 

0.38 

10, 19 


96.^ 


The  foregoing  analyses  indicate  the  range  in  chemical  composi- 
tion which  limestone  (or  marl)  and  clay  (or  shale)  should  have  to  be 
worth  further  investigation  in  reference  to  their  use  in  the  manufac- 
ture of  Portland  cement.  A  study  of  these  data  will  show  that  the 
material  to  be  used  must  be  as  free  as  possible  from  sulphur,  the 
greatest  amount  of  sulphuric  anhydride  (SOg)  permissible  in  the  slurry 
being  about  1  per  cent,  but,  preferably,  it  should  be  below  0.5  per  cent, 
and  the  magnesia  also  should  be  low,  the  gi*eatest  amount  permissible 
under  present  American  practice  being  about  3.5  per  cent,  although 
its  influence  on  the  properties  of  the  finished  cement  is  still  under 
investigation.  (Dyckerhoff,  an  eminent  German  authority  on  Port- 
land cement,  gives  4  per  cent  as  the  maximum  for  magnesia.)  Other 
substances  that  frequentl}''  are  present  in  the  materials  mentioned 
have  in  general  but  little  deleterious  influence,  and  may  be  considered 
adulterants.  A  general  rule  is  that  the  sum  of  the  ferric  oxide  and 
alumina  in  the  slurry  shall  be  about  one-third  of  the  amount  of  silica 
present. 

In  addition  to  the  chemical  composition  of  the  raw  materials  it  u^ 
desirable  that  they  shall  have  certain  physical  properties.  Chief 
among  these  thei'e  should  be  an  absence  of  sand,  for  the  reason  that 
if  the  silica  is  in  the  form  of  quartz  grains  or  kernels  it  will  not  unite 
with  the  lime  in  the  desired  manner  when  the  slurry  is  burned;  and 
the  silica  should  be  combined  silica^  as,  for  example,  the  aluminum 
silicate  of  clay.  Both  the  limestone  and  the  clay  should  be  of  such 
consistency  that  they  may  readily  be  reduced  to  a  fine  powder.  The 
ideal  lime  ingredient  is  a  soft,  incoherent,  fine  marl,  but  if  a  limestone 
is  used  it  is  desirable  that  it  be  soft,  so  that  the  expense  of  grindin<r 
it  to  a  fine  powder  may  be  reduced  to  a  minimum.  Still  certain  hani 
limestones  are  used,  and  the  only  objection  to  them,  in  case  they  have 
the  requisite  chemical  composition,  is  the  expense  of  grinding.  The 
most  desirable  clay  is  one  free  from  sand,  which,  when  agitated  in 
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water,  will  readily  separate  into  fine  particles.  The  best  clays  for 
this  purpose  are  those  having  a  greasy,  unctious  feel,  and  which 
are  smooth  to  the  touch.  Hardened  clay  or  shale  is  also  used,  but  it 
has  to  be  ground  before  being  mixed  with  the  lime  to  form  slurry.  It 
is  highly  desirable  that  the  deposits  both  of  lime  and  clay  be  of  uni- 
form chemical  and  mechanical  composition  throughout,  in  order  to 
avoid  trouble  in  combining  them  in  the  correct  proportions. 

In  addition  to  the  raw  materials  which  enter  directly  into  the  com- 
position of  Portland  cement,  fuel  is  necessary  for  burning  them.  For 
'  this  purpose,  in  the  rotary  kilns  now  generally  used  in  this  country, 
gas,  petroleum,  or  pulverized  coal  is  used.  If  coal  is  employed,  it 
should  be  high  in  volatile  matter,  free  or  nearly  free  from  sulphur, 
and  low  in  ash,  for  the  reason  that  it  comes  in  direct  contact  with  the 
cement-producing  materials  and  influences  the  composition  of  the 
resulting  product.  The  coal  used  by  the  Omega  Portland  Cement 
Company ,v of  Michigan,  has  the  following  composition: 

Analysis  of  coal  used  in  manufacture  of  Portland  cernent. 

Per  cent. 

Moisture 1.00 

Volatile  matter 39.37 

Fixed  carbon 55. 82 

Ash 3.81 

Total 100.00 

Sulphur 0.92 

The  coal  is  pulverized  so  that  it  will  pa.s8  through  a  sieve  having 
100  meshes  to  the  line  or  inch,  and  is  blown,  by  means  of  hot  air,  into 
the  rotary  kiln,  where  it  burns,  producing  a  long  jet  of  flame. 

In  reference  to  the  establishment  of  a  Port  land -cement  industry  in 
the  Nez  Perce  region,  it  will  be  seen  from  the  analyses  of  limestones 
presented  that  some  of  them  at  least  have  the  desired  chemical  com- 
position. The  limestones  on  Mission  Creek  and  that  occurring  in 
Snake  River  Canyon,  for  example,  are  of  exceptional  purity  and  well 
suited  to  this  use.  But  the  rock  is  hard,  and  could  not  compete  com- 
mercially with  a  softer  rock  of  equally  favorable  composition,  provided- 
the  cost  of  transportation,  etc.,  were  the  same. 

The  analyses  of  the  ordinary  soil  and  subsoil  of  the  wheat  lands 
show  that  they  should  be  experimented  with  to  determine  their  value 
as  the  "clay"  ingredient  of  Portland  cement.  The  doubtful  feature 
is  the  comparatively  high  percentage  of  alkalies  present,  that  is, 
potash  and  soda.  This  would  tend  to  make  the  slurry  easy  to  burn 
and  to  produce  a  quick-setting  cement;  but  its  influence  can  only  be 
determined  by  actual  trials.  Small  samples  of  cement  could  be  made 
in  the  laboratory,  and  the  behavior  of  the  materials  chosen  thus  be 
definitely  ascertained.  The  writer  suggests  that  a  typical  sample  of 
the  subsoil  of  the  wheat  lands,  mixed  in  the  requisite  proportion 
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with  the  limestone  that  occurs  on  Mission  Creek  or  in  Snake  River 
Canyon  and  properly  burned,  might  yield  a  good  Portland  cement. 
The  experiment  is  well  worth  trying.  The  soil  of  the  wheat  lands  has 
in  places  been  removed  by  streams  and  redeposit^.  This  washed 
soil  ma}'  be  expected  to  be  less  rich  in  alkalies  than  the  original 
material,  and  it  might  serve  the  purpose  suggested,  in  case  the  soil 
occurring  in  place  is  found  to  be  too  high  in  potash  and  soda.  The 
beds  of  clay  inters tratified  with  the  Columbia  River  lava  should  also 
be  tested. 

Regarding  fuel,  the  lignite  occurring  on  Grande  Ronde  River  and* 
elsewhere  might,  perhaps,  if  finely  powdered,  answer  the  purpose. 
If  not,  the  next  most  convenient  source  of  supply  would  be  the  coal 
mines  at  Roslyn  and  Clealum,  Washington.  A  commercial  analysis 
of  the  Grande  Ronde  lignite  has  been  given  on  a  former  page.  Com- 
mercial analyses  of  the  Roslyn  and  Clealum  lignites,  made  by  AV.  S. 
Thomas,  of  the  Castner  Coal  and  Coke  Company,  of  Belt,  Montana, 
are  as  follows: 

Analyses  of  lignite  from  Roslyn  and  Clealum,  Washington. 


Constituent. 

Clealnm.    Roslyn. 

Mnintiirn 

Percmt.  Percent. 
5.55              2  iti 

Volatile ma-tter     ,..,  --       --  --  - - -  --     -  - 

%.7r>  ;          36.95 

Fixed  carbon.. - 

50.20            4«i.»' 

Ash 

7.  .50            14  ID 

Sulphur -- 

0.59              0.9 

How  the  samples  analyzed  were  taken  is  not  known  to  the  writer, 
and  whether  these  analyses  fairly  i*epresent  the  composition  of  the 
lignite  at  the  respective  localities  can  not  be  stated.  It  is  doubtful, 
however,  whether  the  average  Roslyn  lignite  is  as  high  in  ash  as  is 
here  stated. 

In  reference  to  the  location  of  a  Portland-cement  i^lant,  the  chief 
consideration  is  transportation.  As  from  three  to  five  times  as  much 
limestone  as  clay  is  required,  it  usually  follows  that  it  is  most  econom- 
ical to  locate  the  plant  near  the  source  of  the  limestone;  but  the  car- 
rying of  fuel  must  also  be  taken  into  account,  as  well  as  the  direction 
of  the  market  for  the  finished  product. 

On  the  whole,  the  conditions  favorable  to  the  establisliment  of  a 
Portland-cement  industry  in  the  Nez  Perce  region  are  such  that  the 
matter  deserves  careful  study. 
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LETTER  OF  TRANSMITTAL, 


Dbpartmbnt  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  April  i,  1901. 

Sm:  I  have  the  honor  to  transmit  herewith  a  pai>er  entitled  Geology 
and  Water  Resources  of  a  Portion  of  Yakima  County,  Wash.,  by 
Greorge  Otis  Smith,  and  to  recommend  that  it  be  published  in  the 
series  of  pamphlets  on  water  supply  and  irrigation.  Mr.  Smith  has, 
in  connection  with  his  studies  of  the  geology  of  the  vicinity  of  North 
Yakima  and  Ellensburg,  familiarized  himself  with  the  geology  of  this 
region,  and  in  the  above-described  paper  has  given  special  attention 
to  the  artesian  development  of  the  Yakima  Valley.  In  Bulletin  No. 
108,  by  I^rof.  I.  C.  Russell,  published  in  1893,  there  will  be  found  a 
description  of  the  geologic  structure  adjacent  to  the  drainage  basin 
of  Yakima  River,  giving  special  attention  to  the  occurrence  of  artesian 
wells.  Professor  Russell  continued  his  studies  in  1896,  and  the  results 
were  published  in  Water-Supply  Paper  No.  4,  entitled  A  Reconnois- 
sance  in  Southeastern  Washington.  Mr.  Smith,  after  a  more  detailed 
investigation,  has  been  able  to  give  additional  facts  regarding  the 
conditions  of  this  section. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  m  Charge. 

Hon.  Chas.  D.  Walcott, 

Director  United  States  Geological  Sunrvey. 
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GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION  OF 

YAKIMA  COUNTY,  WASH. 


By  George  Otis  Smith. 


INTBODUCTORT. 


The  region  discussed  in  this  rex>ort  is  in  central  Washington.  It 
is  mapped  in  PI.  11  and  in  fig.  1.  The  area  shown  in  PI.  II  inolades 
more  than  750  square  miles,  but  the  district  to  which  special  attention 
is  given  comprises  about  60  square  miles  in  the  vicinity  of  the  city  of 


Fig.  1  —Map  of  central  Washington. 

North  Yakima.     The  western  half  of  the  area   is   included  in  the 

Ellensburg  quadrangle.     It  has  been  surveyed  both  topographically 

and  geologically  by  parties  from  the  United  States  Geological  Survey, 

and  a  geologic  atlas  of  the  district  is  now  in  course  of  preparation. 
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The  field  work  iipou  which  this  report  is  based  was  carrie<l  on  dur- 
ing July  and  August,  1900.  A  reconnaissance  of  the  same  area  was 
made  eight  years  ago  by  Prof.  I.  C.  Russell.^  4t  that  time,  however, 
only  a  l>eginning  had  l)eeu  made  in  the  development  of  the  artesian 
resources  of  the  distri(!t,  and,  in  addition,  Professor  RusselFs  oppor- 
tunities for  observation  were  limited  by  the  hurried  character  of  his 
reconnaissance.  In  the  preparation  of  this  paper  the  writer  has  had 
before  him  the  report  of  I^rofessor  RusselPs  reconnaissance,  and  the 
modifications  of  Professor  Russell's  conclusions  which  may  be  proposed 
herein  are  based  upon  additional  evidence  which  has  been  eollecte<l 
since  that  report  was  written. 

The  writer  wishes  to  express  his  indebtedness  to  Mr.  F.  H.  Newell, 
hydrographer  in  charge,  also  to  Mr.  Cyrus  C.  Babb,  of  the  Division 
of  Hydrography,  for  suggestions  made  in  the  course  of  the  prepara- 
tion of  this  report.  In  the  discussion  of  surface  waters  extracts  have 
been  freely  made  from  the  reports  of  Mr.  Newell  and  Mr.  Babb,  and 
some  entire  paragraphs  have  been  written  by  the  latter  gentleman. 

GEOGRAPHY. 

TOPOGRAPHY. 

In  its  general  aspect  this  region  resembles  the  Great  Plains  of  the 
Columbia,  except  that  it  possesses  greater  topographic  diversity. 
Broad  valleys,  with  bounding  ridges,  trend  east  and  west,  or  trans- 
versely to  the  course  of  Yakima  River.  The  bold  character  of  the 
canyons  which  this  river  has  cut  through  the  ridges  can  not  fail  to 
impress  the  traveler,  but  unless  he  leaves  the  railroad  he  often  does 
not  observe  the  broad  valley  stretches.  The  floors  of  the  transverse 
valleys  slope  gently  toward  the  river,  and  rarely  are  deeply  scored  by 
its  tributary  streams.  Above  these  valleys  the  ridges  rise  to  eleva- 
tions of  several  thousand  feet,  their  level-topped  crests  interrupteti 
only  by  the  deep  water-gaps  of  Yakima  River.  The  slox>e8  of  th«» 
ridges,  except  in  these  gaps,  are  gentle,  and  merge  into  the  valley 
floor  below. 

The  east- west  ridges  divide  the  region  into  convenient  t^opographic 
groups,  which  are  recognized  locally.  Thus  the  Atanum  or  Yakima 
Ridge  on  the  south,  and  the  Selah  Ridge  and  Cowiche  Mountain  on 
the  north,  inclose  the  long  transverse  valley  which  east  of  Yakima 
River  is  known  as  Moxee  Valley,  and  west  of  the  river  as  Atanum 
Valley  and  Wide  Hollow.  North  of  Selah  Ridge  and  its  western  con- 
tinuation is  the  transverse  depression  known  as  Selah  Valley  and 
Wenas  Valley,  while  south  of  Atanum  Ridge  is  the  broad  valley 
known  as  Reservation  Valley,  which  is  in  large  part  included  within 
the  Yakima  Indian  Reservation.  These  subdivisions  of  the  area  are 
geologic  as  well  as  topographic,  and  they  will  be  mentioned  further  on. 


1  See  A  geological  reoonnoiflMuioe  in  central  Washington,  by  L  C.  RnoBell:  BtOL  U.  8.  G«oL 
Survey  No.  106. 1883. 
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CLIMATE. 

This  region  has  the  arid  climate  of  the  Columbia  Plains.  In  the 
vicinity  of  North  Yakima  the  annual  rainfall  averages  slightly  more 
than  8  inches,  and  in  the  eastern  part  of  the  area  the  precipitation  is 
doubtless  even  less;  but  the  western  and  higher  portions  share  in  part 
the  climatic  influence  of  the  Cascade  Range,  and  there  the  annual 
precipitation  in  the  form  of  rain  and  snow  is  considerably  greater.  As 
ail  illustration  of  this  increase,  the  records  kept  at  Clealum  and  Ellens- 
burg,  both  situated  in  the  upper  Yakima  Valley,  may  be  cited.  At 
the  fonner  place,  which  is  25  miles  farther  up  the  valley,  the  annual 
precipitation  is  more  than  three  times  that  at  EUensburg,  while  the 
latter  place  has  a  rainfall  exceeding  that  at  North  Yakima,  lower  in 
the  same  valley.  If  records  were  available  a  similar  increase  could 
undoubtedly  be  shown  in  the  upper  portions  of  Atanum,  Cowiche,  and 
Wenas  valleys. 

The  summers  are  hot  and  dry,  and  with  the  high  percentage  of 
bright,  clear  days  are  very  favorable  to  agriculture.  In  the  lower 
valleys  the  winters  are  short,  and  veiy  cold  weather  is  uncommon. 
The  mean  annual  temperature  in  the  vicinity  of  North  Yakima  is 
about  50°  F.  The  record  kept  in  the  year  1895  in  Moxee  Valley  gives 
the  mean  as  49.7°  F.*  An  excellent  index  of  the  varied  climate  of  the 
region  is  afforded  by  the  native  vegetation.  Along  the  rivers  and 
streams  only  a  few  trees  are  found,  the  cotton  wood  being  abundant 
on  the  east  bank  of  the  Yakima  near  North  Yakima,  but  the  rest  of 
the  lower  valleys,  and  even  the  ridges  in  the  central  and  western  por- 
tions of  the  area  described,  are  treeless  and  of  desolate  appearance. 
Sagebrush  and  associated  desert  shrubs  grow  wherever  the  land  is  in 
its  primeval  stat>e,  and  the  nutritious  bunch  grass  is  plentiful  on  the 
ridges,  except  where  excessive  grazing  has  destroyed  it.  In  the  west- 
ei'n  quarter  of  the  area  mapped  the  yellow  pine  appears  first  in  scat- 
tered single  trees,  and  then  in  open  groves  which  add  much  to  the 
l>eauty  of  the  scenery  as  one  traverses  the  higher  ridges. 

SOIL. 

Analyses  of  soil  from  Atanum  and  Wenas  valleys^  show  that  it  is 
rioh  ill  potash,  magnesia,  lime,  and  phosphoric  and  sulphuric  acids, 
constituents  which  are  essential  to  plant  life.  The  fine  texture  of  the 
Boil  is  a  characteristic  doubtless  even  more  important  than  its  chemical 
(•ornposition,  for  it  not  only  facilitates  cultivation,  but  renders  soluble 
a,ii<i  available  a  greater  percentage  of  the  mineral  matter.  The  aridity 
of  the  climate  also  doubtless  has  had  a  beneficial  effect,  in  that  the 
soil  has  not  lost  ite  most  valuable  constituent  by  the  leaching  of  sub- 
sxirface  waters. 


1  F'init  Ann.  Rept.  Bnrean  of  Statistics,  AgrHcuIture  and  Immigration  of  State  of  Washln^rton, 

i»SfS^  p.  2*. 

9  Op*  cit.,  p.  26. 
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In  this  connection  it  may  be  well  to  sound  a  word  of  warning  against 
the  waste  of  water.  Excessive  irrigation  has  already  injured  certain 
portions  of  the  lower  valleys  in  this  county.  Not  only  does  the 
constant  presence  of  water  result  in  leaching  out  some  of  the  more 
soluble  of  the  valuable  soil  elements,  but  in  the  lower  levels  the  action 
of  this  water  is  to  bring  to  the  surface  certain  salts  that  are  injurious 
to  vegetation.  Such  waste  of  water  in  irrigation  is  thus  a  double 
evil.  In  an  irrigation  district  the  good  of  the  community  should 
constantly  be  considered,  and  it  is  the  duty  of  the  individual  to  think 
of  the  future  as  well  as  the  present  productiveness  of  the  soil. 

AGRICULTURE. 

Yakima. County  is  preeminently  an  agricultural  region.  The  valleys 
along  Yakima  River  are  within  easy  reach  of  the  Northern  Pacific 
Railway,  which  gives  them  ready  communication  with  Puget  Sound. 
The  rapid  growth  of  the  trans-Paciiic  trade  is  encouraging,  and  can 
not  fail  to  benefit  the  agricultural  industry.  The  Puget  Sound  cities 
and  Roslyn,  a  coal-mining  town  farther  up  the  valley,  already  are 
important  markets  for  the  products  of  the  Yakima  region,  and  as  the 
mining  industry  of  the  Cascades  develops  additional  markets  will  be 
afforded. 

These  valleys  are  also  situated  close  to  the  mountainous  regions  which 
furnish  summer  grazing  for  large  herds  of  cattle  and  bands  of  sheep. 
Grazing  in  these  mountains  has  often  been  destructive,  but  now,  under 
the  conservative  management  of  the  Secretary  of  the  Interior,  it  is 
judiciously  regulated.  The  permanence  of  these  mountain  pastures 
is  important  to. the  agricultural  industries  of  the  valley,  for  the  cattle 
and  sheep  constitute  a  home  market  for  much  of  the  hay  raised  there, 
since  winter  feeding  is  necessary. 

The  crops  that  are  cultivatiod  in  this  district  are  many  and  varied. 
In  the  irrigated  portion  hay  is  raised  which  commands  a  higher  price 
in  the  Puget  Sound  markets  than  that  from  any  other  locality. 
Alfalfa,  clover,  and  timothy  are  the  forage  plants  commonly  grown- 
Of  the  cereals,  wheat  and  oats  are  the  most  important.  Potatoes 
sweet  corn,  and  other  garden  vegetables  grow  well  in  the  Yakima  val- 
leys, and  are  readily  marketed  in  the  Sound  cities.  Of  orchard  fruits, 
apples,  peaches,  prunes,  pears,  cherries,  and  apricots  grow  to  the 
highest  perfection,  and  the  fruit  industry  may  be  considere<l  only 
partially  developed,  although  its  success  is  assured.  All  of  the  e-mail 
fruits  grow  equally  well.  This  region  has  also  long  been  famous  for 
the  excellent  quality  of  its  hops,  which  crop  continues  to  be  an  imiK)r 
tantone.  Sorghum  is  raised  to  some  extent,  and  as  the  agricultural 
X)ossibilities  are  gradually  developed,  doubtless  the  culture  of  many 
other  crops  will  be  found  to  be  profitable. 

At  a  few  localities  dry  farming  has  been  attempted,  but  with  little 
success.     Wheat  and  barley  are  the  crops  raised  where  irrigation  is 
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impossible.  It  seems  probable  that  with  careful  selection  of  northern 
slopes  on  ridges  where  the  winter  precipitation  is  considerable  and 
the  soil  is  fine  and  well  fitted  to  retain  the  moisture,  success  may  be 
had  in  raising  these  crops.  The  experience  of  Mr.  John  Cleman  in 
raising  winter  wheat  on  the  north  side  of  Umptanum  Ridge  is  instruc- 
tive in  this  connection,  for  it  has  proved  that  that  crop  can  be  grown 
there  successfully  and  profitably. 

GBOIiOGY. 

GENERAL  FEATURES. 

The  basin  of  Yakima  River  described  here  forms  an  interme- 
diate zone  between  the  Columbia  Plains  on  the  east  and  the  Cascade 
Mountains  on  the  west,  and  geologically  it  possesses  many  features 
of  each.  The  geologic  formations  are  chiefly  those  of  the  Columbia 
Basin,  but  the  structure  is  more  nearly  related  to  that  of  the  Cascade 
Range.  The  rock  formations  are  folded  into  arches  and  troughs,  but 
the  structure  is  simple  and  readily  understood  by  even  the  railway 
traveler  passing  up  Yakima  River. 

The  rock  seen  everywhere  along  this  river  is  the  black  basalt,  but 
in  certain  valleys  on  the  flanks  of  the  ridges  white  sandstone  is  visible. 
These  two  formations,  with  the  andesite  which  occui*s  locally  and 
the  alluvium  of  the  valleys,  will  be  described  more  fully  on  the 
following  pages. 

FORMATIONS. 
YAKIMA  BASALT. 

This  formation  includes  the  great  series  of  lavas  poured  out  over 
this  region  in  late  Tertiary  time — flood  after  flood  of  molten  rock, 
which  covered  the  vast  area  between  what  is  now  the  crest  of  the  Cas- 
cade Mountains  on  the  west  and  the  mountains  of  Idaho  on  the  east, 
and  between  the  mountains  of  northeastern  Washington  on  the  north 
and  the  Blue  Mountains  of  Oregon  on  the  south.*  Solidified  tree 
trunks  found  at  a  number  of  localities  show  conclusively  that  con- 
Hiderable  intervals  separated  the  lava  eruptions.  The  number  of  suc- 
cessive fiows  undoubtedly  varies  in  different  parts  of  the  area.  In 
Snake  River  Canyon,  where  3,000  feet  of  lava  is  exposed,  Russell 
counted  eight  distinct  lava  sheets.'  Ten  or  more  separate  flows  can 
be  counted  in  the  canyon  of  Yakima  River,  and  individual  flows  be 
traced  great  distances.     The  depth  to  which  the  basalt  accumulated 

*  The  names  Columbia  lava  and  Colambia  River  lava  have  been  used  by  Prof.  1.  C.  RnstieU  in 
deecriblng:  the  extensive  lava  series  of  the  Colambia  River  Basin.  Under  these  terms  are  included 
basalts  of  both  Eocene  and  Miocene  age  (Twentieth  Ann.  Rept.  U.  S.  Qeol.  Snrvey,  Pt.  II,  p.  U8), 
also  hypersthene-andesite,  which  is  of  post-Tertiary  agre  (Water-Supply  and  Irrigation  Paper 
U.  S.  Qeol.  Survey  No.  4,  p.  43).  In  the  detailed  mapping  of  the  YaUma  area,  which  is  a  part 
of  the  Columbia  River  Basin,  it  has  been  found  inadvisable  to  use  this  general  formation  name, 
because  the  lavas  of  different  ages  must  necessarily  be  separated,  and  therefore  the  term  Yakima 
basalt  is  used  for  that  of  the  Miocene  period. 

>  Water-Supply  and  Irrigation  Paper  U.  S.  Qeol.  Survey  No.  4,  p.  48. 
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can  be  stated  only  approximately.  In  the  Snake  River  region  the 
maximum  thickness  is  estimated  to  be  in  excess  of  5,000  feet.'  In 
the  Yakima  region  more  than  2,500  feet  is  exposed  in  vertical  sec- 
tion in  the  canyon  of  Yakima  River,  and  as  the  section  includes 
neither  the  top  nor  the  base  of  the  lava  series,  the  real  thickness 
may  possibly  approximate  that  along  Snake  River.  To  the  west  and 
north  the  basalt  series  is  plainly  thinner  where  it  overlaps  the  older 
rocks. 

Examination  of  the  lower  contact  of  the  Yakima  basalt  shows  that 
at  the  time  of  the  earlier  eruptions  the  topography  was  extremely 
rugged.  The  depressions  were,  however,  gradually  filled  with  molten 
rock  and  the  inequalities  obliterated,  just  as  the  waters  of  a  lake 
conceal  the  uneven  bottom,  so  that  at  the  cessation  of  the  eruptions 
the  lava  series  had  the  aspect  of  a  monotonous  waste,  rough  in  detail 
but  generally  level  over  a  vast  extent  of  country. 

As  seen  in  Yakima  County,  the  basalt  is  a  black  rock,  compact  and 
heavy.  On  the  weathered  surface  it  is  often  of  a  brownish  color,  but 
wherever  exposed  it  is  dark,  and  the  appearance  of  the  ridges  is  dull 
and  somber,  unrelieved  by  even  the  desert  vegetation.  In  a  few 
places,  where  the  residual  soil  can  be  found  unmixed  with  alluvial  or 
other  foreign  matter,  it  is  of  a  bright-red  color. 

The  most  noticeable  feature  of  the  basalt  rock  is  the  columnar 
parting  by  which  the  black  sheets  of  lava  are  broken  up  into  long 
colonnades.  In  some  localities  these  columns  are  prismatic,  with 
sharp  edges  and  even  sides,  the  prisms  being  often  so  regular  as 
to  suggest  the  work  of  human  hands.  This  parting  is  the  renult 
of  contraction  or  shrinkage  of  the  solidified  lava  as  the  rock  mass 
gradually  cooled.  The  presence  of  these  joint  cracks  is  important, 
because  they  afford  passages  for  water  in  a  rock  relatively  imper- 
vious. It  therefore  is  interesting  to  note  the  presence  or  absence  of 
the  jointing  of  the  basalt  where  it  is  exposed,  and  such  observations 
have  their  l>earing  upon  the  discussion  of  the  course  of  the  under- 
ground waters. 

The  basalt  of  certain  flows  has  extremely  rough  and  scoriaceous 
surfaces,  due  to  small  cellular  cavities  which  were  formed  by  the 
steam  in  the  molten  rock  and  which  greatly  alter  ite  appearance. 
These  varieties,  which  tell  so  graphically  the  story  of 'the- lava  erup- 
tions, are  less  common  than  the  compact  basalt.  Fine  and  coarse 
tuffs,  or  so-called  ash  beds,  are  found  at  a  few  horizons  in  the  basalt 
series,  but  such  beds  are  insignificant  when  compared  with  the 
thicker  and  more  common  lava  sheets.  In  a  few  instances,  however, 
these  fragmental  deposits  are  of  importance,  one  noteworthy  locHlity 
being  Bald  Mountain,  at  the  head  of  Wenas  Creek.  There  the  beds 
of  yellow  tuff,  full  of  angular  fragments  of  glassy  basalt,  aggregate 
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several  hundred  feet  in  thickness,  and  are  very  noticeable  on  the 
northeastern  slope  of  the  peak. 

ELLENSBURG  FORMATION. 

Lying  directly  upon  the  basalt  is  the  sedimentary  series  t^  which 
the  name  EUensburg  formation  has  been  given.  This  series  includes 
partially  consolidated  sandstones,  shales,  and  conglomerates,  with 
unconsolidated  sands  and  gravels,  and  represents  sediments  depos- 
ited ufwn  the  basalt  immediately  after  the  cessation  of  the  eruptions. 
In  the  larger  part  of  the  North  Yakima  area,  however,  some  of  these 
sediments  were  laid  down  before  the  eruption  of  the  last  flow  of  the 
basaltic  lava,  for  at  a  number  of  localities  20  to  100  feet  of  the  white 
EUensburg  can  be  seen  capped  by  a  similar  thickness  of  black  lava 
with  the  characteristic  basaltic  parting,  over  which  the  succeeding 
sediments  have  accumulated  to  a  thickness  of  more  than  1,500  feet. 
Fossil  leaves  found  in  the  vicinity  of  the  city  of  EUensburg  show 
these  deposits  to  be  of  Miocene  age.^ 

The  EUensburg  formation  occurs  in  the  valleys,  where  for  the 
most  part,  it  is  concealed  under  an  accumulation  of  valley  alluvium; 
but  it  is  visible  along  the  banks  of  the  streams  and  where  irrigation 
ditches  have  been  cut  down  through  the  alluvial  covering.  Along 
the  borders  of  the  valleys  the  white  rocks  can  be  seen,  often  extend- 
ing several  hundred  feet  up  the  lower  slopes  of  the  ridges.  Such  soft 
rocks  as  these  friable  sandstones  and  shales  can  not  weU  resist  even 
the  slight  erosion  of  this  arid  country,  so  that  the  presence  of  the 
EUensburg  formation  is  frequently  indicated  only  by  the  bits  of 
andesitic  pumice  lying  on  the  surface  around  badger  holes. 

The  best  exposure  of  the  series  is  along  the  north  side  of  Naches  Val- 
ley, where  the  white  bluffs  extend  for  miles.  Here  the  character  of  the 
rocks  can  easily  be  determined.  A  careful  measurement  of  this  sec- 
tion, made  by  Mr.  Frank  C.  Calkins,  who  served  as  geologic  field 
assistant  in  the  survey  of  the  EUensburg  quadrangle,  is  as  follows: 

Section  of  EUensburg  formation  along  the  north  side  of  Naches  Valley, 

Feet. 

Brown  pumice  sand,  varying  in  texture  and  color,  in  part 

concealed,  approximately 146 

Brown  pebbly  sandstone   or  conglomerate,  with   small 

basalt  pebbles  in  a  matrix  of  ashy  sand 100 

Qray  and  brown  sandstone  and  pumice  sand 90 

Conglomerate,  andesitic  pebbles,  with  a  few  basaltic  peb- 
bles, in  ashy  matrix 15 

Brown  toffaceons  sandstone,  with  much  pumice 25 

Partly  consolidated  sand,  composed  mainly  of  pumice 

grains —  85 

Soft  light-gray  ash 1 


1  Bull.  U.  S.  Geol.  Survey  No.  106,  p.  106. 
IBB  55—01 2 
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Section  of  Ellensburg  formation  along  the  north  side  of  N aches  VdZ2e2^ContinTie(L 

Feet. 

Brown  pumice  Band 4it..-  --  10 

Porous  sinter. 1.5 

Coarse,  brown,  tuffaceous  sand,  partly  consolidated 3 

Coarse,  soft,  gray  sandstone,  composed  of  angular  ande- 

sit-e  fragments 2 

Yellowish- white  pumice  conglomerate —  5 

Fine  gray  sand,  silt,  and  pumice  sand  well  stratified. .     .  2 
Coarse  to  fine-grained,  brownish-gray,  soft  tuffaceous  sand- 
stone, with  pumice  and  andesite  fragments 25 

Pumice  conglomerates  and  interbedded  tuffaceous  sand- 
stone   12. 5 

Hard,  fine,  gray  sandstone 1 

Fine  brown  sand,  partly  consolidated 3 

Qrayish-brown  sand,  with  a  few  pumice  pebbles 3 

Reddish-brown  conglomerate,  with  large  bowlders 20 

Hard  sandstone,  with  calcareous  layers 1 

Coarse,  gray,  pebbly  sand,  cross  bedded 15 

Brown  tuffaceous  sand,  with  lapilli 1.5 

Coarse  conglomerate  of  andesite  and  pumice 5 

Grayish- brown  tuffaceous  sandstone,  with  pumice  pebbles.  6 
WeU-bedded  gray  sandstone  and  shale,  with  pumice  peb- 
bles   18.5 

Brown  tuffaceous  sandstone,  pebbly 8 

Andesite  conglomerate  and  partly  consolidated  sand,  with 

some  pumice  pebbles 30 

Pumice  and  andesite  conglomerates 3. 5 

Fine,  cross- bedded,  soft  sandstone,  with  bed  of  angular 

pumice  _ 9 

Coarse  pumice  conglomerate 1 

Fine  gray  sand  and  silt,  with  much  pumice 4 

Pebbly  sand,  with  pumice  pebbles 10 

Pale-lavender  soft  shale 1 

Gray  tuff  and  sand 5 

Light-brown  fine  sandstone,  grading  up  into  chocolate 

clay 7 

Pebbly  sandstone,  in  part  tuffaceous,  with  intercalated 

layers  of  pumice  pebbles  and  fragments 32 

Andesitic  agglomerate,  fine  grained 2 

Medinin-grained  gray  sandstone 4 

Andesitic  gravel 4 

Coarse  sand  and  gravel 5 

Hard  sandstone 3 

Fine  to  coarse,  medium-fine,  gray  and  brown  sands,  with 

lapilli  and  pumice  pebbles 28.5 

Coarse  sand,  with  bowlders  stained  brown 6 

Medium-grained  hard  sandstone   3 

Fine  andesite  gravel,  with  coarse  sand,  partly  consoli- 
dated   10 

Gray  tuffaceous  sand,  with  fine  pumice 6 

Conglomerate  pebbles,  averaging  about  2  inches,  covered 

with  dark-brown  varnish 20 

Fine,  light-gray ,  tuffaceous  sandstone 2 
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Section  of  Elleruburg  formation  along  the  north  side  of  Naches  Valley — Continned. 

Feet. 
Dark-gray  coarse  sand,  cross  bedded,  with  small  andesite 

pebbles _ 5 

Fine  to  medium-grained,  light-gray,  tnffaceons  sandstone 

andsilt 6.5 

Andesitic agglomerate,  finegrained 10 

Dark-gray  sand,  cross  bedded 1.5 

Conglomerate  pebbles,  mostly  andesite,  with  h  few  of 
basalt,    averaging   abont   2   inches,    obscurely   cross 

bedded,  with  lenses  of  sand 30 

Sandy  tnff,  with  fine  lapilli _ 6 

Fine  gray  sand,  cross  bedded 1 

White  tnff ,  fine  lapilli  in  matrix  of  feldspatbic  sand 2 

Light  brownish-gray  ash 4 

Soft  sand 5 

Fine  white  silt -. 8 

Fine,  light-gray,  tuffaceons  sandstone  and  ash,  coarser  in 

npper  portion .  _ 7 

Coarse  agglomeratic  sandstone,  composed  of  snbangnlar 
fragments  of  andesite  interstratified  with  gray  sand- 
stones and  pnmice  tnfit  and  conglomerate 38. 5 

Fine  tuff,  light  gray,  stmctnreless _  _  4. 5 

Bough  sandy  conglomerate  of  andesite  pebbles 5 

Fine,  light-  to  dark-gray,  hard  sandstone,  in  part  cross 

bedded,  with  pumice  pebbles 9 

Fine  light-gray  sandstone  and  brownish  tnffaceous  Bed- 
stone  _ 9 

Fine  light-gray  tuff ,  with  lapilli 2 

Fine,  light-brown,  tuffaceous  sandstone,  structureless ...  4 
Hard,  light-gray,  x>ebbly  sandstone  and  interbedded  tuff 

of  fine  pumice  fragments    _ 11.5 

Cross-bedded,  soft,  gray  sandstone,  with  abundant  pumice 

pebbles G 

Fine  andesite  agglomerate,  grayish  brown 1.5 

Cross-bedded,  fine,  gray  sandstone  and  shale,  with  small 

pumice  pebbles 10.5 

White  and  lavender  shale,  passing  into  shaly  sandstone 

above    8 

Fine  light- to  dark-gray  sandstone  10 

Cross- bedded  dark-gray  sandstone,  with  pumice  pebbles. .  3 

Whiteshale 1.2 

Fine  to  coarse,  gray,  tuffaceous  sandstone,  structureless, 

with  some  pumice  x)ebble8 14 

White  shale  and  fine  gray  sandstone,  interbedded 19 

Lavender  and  white  laminated  shale,  in  part  sandy 10 

Light  rusty-brown  agglomeratic  sandstone 8 

Cross-bedded  sand  and  gravels,  pebbles  with  blackened 

surfaces 8 

Fine-grained  gray  sandstone  and  silt 15 

Medium-grained  tuff  composed  of  lapilli 1 

Light-gray  sandstone  grading  into  silt. 15 

Conglomerate,  with  lafge  and  small  andesite  pebbles  and 

sand  lenses - 60 
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Section  of  EUensburg  formation  along  the  north  side  of  Naches  Valley — Continued. 

Feet. 

Fine,  soft,  gray  sandstone  and  silt,  coaiBer  in  npper  por- 
tion, cross  bedded 8.8 

Medium-fine  light-brown  tnffaceoos  sandstone 9 

Gray  and  greenish  soft  sandstone  and  sandy  shale 10 

Mediam  tr>  coarse  light-gray  sandstone,  locally  grading 

into  fine  conglomerate 20 

Fine,  soft,  light-gray  sandstone  and  lavender  shale 1.4 

Coarse  brown  silt- _ __ 4 

Conglomerate,  finer  in  lower  portion 6 

Coarser  cross-bedded  sandstone,  with  pebbles 6 

Fine  conglomerate  and  medium-grained  light-gray  sand- 
stone   .  2.7 

Coarse  to  fine,  gray,  cross-bedded  sand   _ 5 

Lavender  silt  and  ash.  with  lapilli,  white  above. 7 

Fine  lapi Hi,  unconsolidated 1 

Fine  light-brown  sandstone    4 

Coarse  tuff,  with  rounded  pumice  pebbles  in  a  sandy  ma^ 

trlx 3 

Light-gray  tuffaceous  sandstone,  with  lapilli 2 

Fine  andesitic  agglomerate 3 

Medium-grained,  gray  and  yellow,  soft,  cross-bedded  sand- 
stone, with  small  pebbles 8 

Medium  to  fine  tuffaceous  sandstone,  buff  colored,  struc 

tureless 8 

Medium  to  coarse-grained,  cross- bedded,  bluish-gray  sand- 
stone, with  small  pumice  pebbles 12 

Whitesilt 1 

Light-gray  cross-bedded  sandstone  and  silt 10 

Drab  and  gray  tuffaceous  sandstone,  structureless 15 

Soft  white  tuff  of  fine  pumice  fragments 1. 5 

Soft  tuffaceous  sandstone,  structureless 7 

Cross-bedded  gray  sand,  with  pumice  pebbles  and  inter- 
bedded  silt 6 

Fine  drab  sand  and  lavender  silt,  interbedded 6 

Fine  lavender  tuff ,  structureless 1.3 

Fine  sand  and  clay,  irregular  stratification 5 

Medium-grained  sand,  with  scattering  pebbles  of  pumice.  1. 5 

Fine  light-gray  sand  and  lavender-colored  silt 3 

Dark-gray  cross- bedded  sandstone,  with  small  pumice  peb- 
bles  -  - 6 

Hard,  grayish  to  brownish,  medium-grained  sandstone ...  2. 5 
Coarse   gray  sandstone  and  tuff,  with  lapilli  in  sandy 

matrix 1.5 

Fine  sand  and  lapilli,  partly  consolidated 1.5 

Tuff,  with  angular  fragments  of  andesite,  pumice,  and 

feldspar _ 4 

Fine  light-gray  sandstone,  with  beds  of  silt  in  upper  part.  16 

Lavender  shale 1 

Light-yellow  ash  and  lavender  shale,  passing  into  fine 

sandstone 10 

Conglomerate,  with  seams  of  sand,  large  andesite  and 

pumice  pebbles 10 
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Section  of  EUeruimrg  formation  along  the  north  side  of  Naches  Valley — Contintied. 

Feet 
Medium  to  coarse,  cross- bedded,  soft,  gray  sandstone,  finer 

in  upper  portion 10 

Lavender-colored  ash,  feldspatfalc 5 

Medium-grained,  light-brown  to  greenish,  tuffaceous  sand- 
stone, with andesite and  pumice  pebbles. 4 

Cross-  bedded  sand ,  with  lapilli  and  andesite  pebbles 9 

White  tuff,  with  small  angular lapilli... .5 

Interbedded  silt  and  sand,  drab  colored,  with  lapilli 7 

Fine,  bluish-gray,  soft  sandstone,  with  pockets  of  lapilli. .         8 

Medium  coarse  gray  sandstone 3 

Lavender  tuff,  with  a  medial  bed  of  drab-colored  silt 2 

Coarse  sandstone,  with  much  feldspar  and  fine  lapilli,  finer 

toward  the  top  .  -.  3.5 

Coarse  light-gray  ash 2 

Medium-grained,  light-gray,  tuffaceous  sandstone,  with 

angular  lapilli '. 1.8 

Medium-  to  fine-grained  gray  sandst<one 9 

Coarse,  stream-bedded,  gray  sandstone,  with  pebbles  of  an- 
desite and  pumice 2.8 

Conglomerate,  with  small  i>ebbles  of  andesite  and  larger 

pebbles  of  pumice;  some  sand  lenses 4. 5 

Coarse  buff-colored  ash  containing  much  feldspar 7 

Gray  sandstone  and  silt 20 

Fine  light-gray  ash,  structureless 20 

SJand  and  gravel,  stream  bedded,  pebbles  2  inches  average 

diameter,  gravel  finer  in  upper  portion 33 

Fine  gray  ash,  structureless,  silky  luster,  composed  of  fine 

particles  of  glass 4 

Fine,  gray,  tuffaceous  sandstone,  with  lapilli  one-fourth 

inch  in  diameter : 3 

Conglomerate  interbedded  with  sand;  i)ebble8of  black  an- 
desite 1  to  4  inches  in  diameter 10 

Basalt,  two  flows,  colunmar,  with  vesicular  upper  sur- 
faces, 25  feet  in  thickness _ ._ 

Gray  ash _ 1 

Light-gray  tuff,  with  xiebbles  of  andesite 25 

Total  sediments  resting  upon  upper  surface  of  niain 

body  of  Yakima  basalt 1,569.5 

As  will  be  seen  from  the  foregoing  section,  the  most  noteworthy 
characteristic  of  the  Ellensburg  formation  is  the  presence  throughout 
of  white  andesitic  pumice  in  angular  pebbles  and  small  bowlders. 
More  compact  andesitic  lava  is  the  material  next  in  importance,  while 
basalt  is  noticeably  unimportant.  The  rare  and  sporadic  occurrence 
of  pebbles  of  basalt  in  this  sedimentary  formation  is  remarkable, 
and,  as  shown  in  the  section,  the  basaltic  material  is  more  common 
near  the  top  of  the  series.  Another  conspicuous  feature  is  the  cross 
bedding  of  the  sandstones.  These  characters  afford  evidence  as  to 
the  nature  of  the  water  body  existing  at  that  time  and  the  conditions 
of  sedimentation. 
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It  IS  demonstrated  that  in  Miocene  time,  immediately  following  the 
eruptions  of  the  great  basalt  flows,  central  Washington  was  covered 
with  water,  but  until  the  whole  area  has  been  studied  it  can  not  be 
stated  how  extensive  or  how  deep  this  body  of  water  was.  In  the 
North  Yakima  region  the  streams  washed  down  vast  quantities  of 
material  from  adjoining  areas  where  andesitic  lava  was  being  erupted. 
Stream-rounded  pebbles  and  bowlders  were  thus  deposited;  and  the 
deposition  apparently  took  place  in  shallow  water,  since  the  stratified 
beds  of  sand  and  gravel  show  the  effect  of  currents  which  could  not 
have  existed  in  deep  waters.  The  beds  of  finer  material,  however, 
are  more  perfectly  stratified,  showing  that  at  times  deposition  U>ok 
place  in  more  quiet  waters. 

ANDESITE. 

Between  the  lower  Naches  Valley  and  the  valley  of  Cowiche  Creek 
there  is  a  broad  plateau  with  peculiar  features.  Its  topography  is 
noticeable  from  the  presence  of  undrained  depressions  and  a  general 
hummocky  surface.  It  is  about  12  miles  long,  from  1^  to  3  miles 
wide,  and  from  300  to  700  feet  above  the  valley.  It  represents  the 
lower  end  of  a  lava  stream  which  had  its  source  in  the  Tieton  Basin, 
to  the  west,  and  following  down  the  canyon  of  Tieton  River  flowed 
out  over  the  broad  valley  at  the  junction  of  Cowiche  Creek  and 
Naches  River.  The  irregular  though  generally  flat  surface  remains 
just  as  when  the  molten  rock  cooled,  while  at  the  edges  of  the  old 
flow  the  columnar  jointing  of  the  cooled  lava  is  seen.  The  latter 
feature  is  exhibited  in  a  wonderful  manner  at  Pictured  Rocks.  (See 
PI.  IV.)  The  rock  of  this  plateau  is  an  andesite  which  occurs 
nowhere  else  in  the  area  here  discussed.  Its  eruption  occurred  much 
later  than  the  great  basalt  eruptions,  and  in  fact  is  the  latest  impor- 
tant incident  in  the  geologic  history  of  the  region.  As  this  andesite 
area  has  little  or  no  agricultural  value,  being  too  high  to  be  supplied 
with  water,  its  eruption  may  be  regarded  as  of  the  nature  of  a  disas- 
ter. The  flood  of  molten  rock  poured  into  Naches  Valley  and  doubt- 
less converted  fertile  bottom  land  into  this  arid  plateau. 

ALLUVIUM. 

The  valleys  of  this  region  owe  their  value  for  agricultural  purposes 
to  the  fine-grained  alluvial  deposits.  The  finest  of  silt  extends  over 
large  areas  of  bottom  lands,  which  represent  the  sediments  that  have 
been  deposited  by  the  streams  flowing  slowly  ux>on  their  flood  plains. 
In  the  Atanum-Moxee  Valley  some  fine  material  doubtless  was  depos- 
ited in  the  ponded  waters  during  Glacial  times,  when  a  large  lake 
covered  hundreds  of  square  miles  in  central  Washington,  and  when 
the  large  granite  bowlders  that  are  found  in  Wide  Hollow  were 
dropped  from  masses  of  ice  floating  in  this  lake,  to  which  the  name 
Lake  Lewis  has  been  given.  Farther  south  these  fine  lacustrine 
deposits  are  more  prominent,  and  can  be  seen  at  many  points  along 
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the  roads  south  of  Union  Gap.  In  fact  it  is  this  fine  silt  deposit  which 
renders  these  roads  almost  impassable  during  the  dry  season.  Under 
irrigation,  however,  this  land  becomes  of  great  agricultural  impor- 
tance. Coarser  alluvium,  sand,  and  gravel  cover  portions  of  the 
valleys.  In  no  place,  however,  are  these  areas  of  coarse  material 
large.  Such  gravel  flats  can  be  seen  near  the  junction  of  Naches  and 
Yakima  rivers,  where  they  form  low  terraces,  but  even  these  gravel- 
covered  areas  are  not  without  agricultural  possibilities,  as  is  proved 
by  the  orchards  in  the  vicinity. 

STRUCTURE. 

The  geologic  structure  of  the  North  Yakima  region  is  simple.  The 
manner  in  which  the  rock  formations  are  built  up  to  form  the  crust 
of  the  earth,  or  what  might  be  termed  its  architecture,  is  often  exceed- 
ingly complicated,  and  in  most  localities  the  constant  tearing  down 
by  atmospheric  agencies  most  effectually  conceals  tlie  plan  of  con- 
struction. In  this  region,  however,  owing  to  the  arid  climate,  the 
action  of  running  water  has  affected  the  surface  very  little,  except 
where  certain  larger  streams  have  cut  their  canyons.  So  it  is  that  the 
configuration  of  the  surface  very  clearly  indicates  the  structure  of 
the  rocks  beneath.  This  direct  relation  between  topography  and 
structure  is  exceptional,  but  its  presence  in  the  vicinity  of  North 
Yakima  renders  it  possible  to  see  and  understand  the  manner  in  which 
the  rocks  have  been  folded,  and  consideration  of  the  structural  rela- 
tions is  quite  essential  to  the  discussion  of  the  problems  connected 
with  the  artesian  water  supply.  The  parallelism  between  the  surface 
and  the  i*ock  structure  is  shown  in  the  fact  that  the  ridges  are  rock 
arches  and  the  valleys  inverted  arches  or  troughs.  In  more  technical 
language,  the  ridges  are  anticlines  and  the  valleys  are  synclines. 

ARCHES. 

The  anticlinal  structure  can  be  observed  at  many  places  where 
Yakima  River  has  cut  across  the  ridges,  as,  for  instance,  at  Union 
Gap,  a  few  miles  south  of  North  Yakima,  where  on  either  side  of  the 
river  the  sheets  of  basaltic  lava  can  be  traced  upward  from  the  river 
level  in  a  broad  arch  extending  high  up  on  the  steep  sides  of  the  gap, 
and  then  down  again  to  the  river.  (See  PL  V,  ^.)  A  similar  arch  is 
shown  in  the  gap  north  of  North  Yakima,  but  there  the  relations  are 
not  so  distinct,  because  the  Yakima  and  Naches  rivers  in  their  mean- 
ders have  cut  away  portions  of  the  sides  of  the  arch.  Farther  east, 
however,  along  Selah  Ridge,  the  arch  can  be  seen  in  its  entirety.  To 
the  north,  the  next  ridge  which  lies  between  Selah  Creek  and  Burbank 
Canyon  shows  very  plainly  this  same  arched  structure,  and  at  many 
other  places  along  Yakima  River  opportunity  is  afforded  for  observing, 
even  from  the  car  window,  the  geologic  structure  of  the  region. 

Atanum  or  Yakima  Ridge  is  one  of  the  more  prominent  of  the  anti- 
clinal ridges  of  the  district,  and  from  its  proximity  to  the  artesian- 
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water  area  it  deserves  a  few  words  of  description.  As  a  ridge  it 
begins  in  the  elevated  region  south  of  the  headwaters  of  the  South 
Fork  of  Atanum  Creek;  thence  it  extends  eastward  about  25  miles, 
to  Union  Gap,  being  well-defined,  from  2  to  <^  miles  broad,  and  rising 
from  1,000  to  1,500  feet  above  the  bordering  valleys.  Its  slopes  are 
gentle  and  its  crest  is  even,  with  a  slight  eastward  slope.  At  Union 
Gap,  where,  as  already  mentioned,  the  anticlinal  structure  of  the 
ridge  is  plainly  revealed,  it  is  interrupted  by  a  canyon  1  mile  in 
length,  800  feet  in  depth,  and  as  steep  sided  as  a  railroad  cut.  Five 
miles  east  of  Union  Gap  there  is  a  sudden  change  in  the  structure  hnd 
in  the  topography  of  the  ridge.  The  crest  of  the  arch  shows  a  distinct 
saddle  or  transverse  buckle,  so  that  a  low  pass  is  formed  not  more 
than  100  feet  above  Moxee  Valley,  to  the  north.  Here  the  basalt, 
which  is  prominent  on  the  ridge  throughout  its  whole  extent  west- 
ward, drops  below  the  surface,  and  the  Ellensburg  sandstone  over- 
lying the  basalt  is  found  in  the  pass  where  the  wagon  road  crosses. 
East  of  this  pass  the  arch  of  basalt  reappears,  and  the  ridge  for  the 
most  part  assumes  its  topographic  character  and  extends  for  many 
miles  to  the  southeast,  where,  according  to  Professor  Russell,  it  finds 
its  continuation  in  Rattlesnake  Mountain. 

Selah  Ridge,  north  of  North  Yakima,  is  of  the. same  type  of  struc- 
ture as  Atanum  Ridge.  It  begins  on  the  north  side  of  the  headwaters 
of  Atanum  Creek,  forming  Cowiche  Mountain,  a  well-defined  anti- 
clinal elevation  with  a  general  east-west  trend.  East  of  Cowiche 
Mountain  the  ridge  is  somewhat  lower,  and  is  also  cut  by  Cowiche 
Creek  and  Naches  River.  In  this  portion  it  appears  to  have  lost 
much  of  its  anticlinal  character,  through  the  undercutting  of  its 
flanks  by  the  meanders  of  Yakima  River,  as  already  mentioned. 
East  of  Yakima  River  the  full  arch  can  be  seen,  and  the  ridge  con- 
tinues eastward  many  miles,  in  fact  not  dying  out  until  Columbia 
River  is  reached. 

Other  ridges  occur  to  the  north  and  south  of  those  just  described, 
and,  like  them,  have  a  general  east- west  trend  and  are,  without  excep- 
tion, anticlinal  in  structure.  The  arches  have  flat  crests  and  steep 
sides,  so  that  where  best  exhibited  the  cross  section  is  comparable  to 
an  inverted  U.  The  steep  sides  of  the  anticline  cause  steep  slopes  of 
certain  of  these  ridges,  and  the  change  f  I'om  the  gentle  slope  near  the 
crest  to  the  steeper  slope  on  the  side  of  the  arch  is  often  so  sudden 
that  a  fault  scarp  is  suggested.  A  careful  study  of  these  ridges  in  the 
excellent  sections  afforded  by  the  gaps  cut  by  Yakima  River  fails  to 
show  the  presence  of  any  extensive  or  important  fault,  and  the  gen- 
eral absence  of  faulting  may  in  fact  be  mentioned  as  one  of  the  char- 
acteristics of  the  region. 

TROUGHS. 

As  already  noted,  in  the  description  of  the  topography  of  the  region, 
a  conspicuous  feature  is  the  presence  of  long  valleys,  which  in  their 
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medial  portions  are  crossed  by  Yakima  River.     The  correspondence 

between  topography  and  structure  is  expressed  in  the  noticeable 

fact  that  wherever  one  of  these  east-west  valleys  is  seen  on  one 

side  of  Yakima  River  its  continuation  is  to  be  found  on  the  opposite 

side.     The  Atanum-Moxee  Valley  is  such  a  depression,  and  is  the 

most  important  in  the  present  discussion,  for  it  is  there  that  the 

artesian  wells  are   located.     This  valley  is  40  miles  long,  about  6 

miles  wide,  and   has  a  general   east-west  ti'end,  being  ci*ossed   by 

Yakima  River  about  midway  in  its  length.     The  slope  from  Yakima 

River  to  either  end  of  the  valley  is  very  gentle,  and  to  the  east  Moxee 

Valley  finds  its  continuation  in  Rattlesnake  Valley,  just  as  Atanum 

Ridge  to  the  south  finds  its  eastward  continuation  in  Rattlesnake 

Mountain.     The  elevation  of  the  floor  of  this  valley  in  the  vicinity  of 

North  Yakima  is  between  1,000  and  1,100  feet  above  sea  level.     The 

structure  of  the  trough  is  best  indicated  by  the  fact  that  the  upper 

beds  of  basalt,  which  occur  on  the  surface  along  the  crest  of  Atanum 

Ridge  to  the  south  of  the  Atanum-Moxee  Valley  at  an  elevation  of 

about  2,150  feet,  are  found  at  a  depth  of  about  1,200  feet  below  the 

surface  of  the  valley. 

The  Wenas-Selah  syncline  is  to  the  north  of  Selah  Ridge.  While 
Wenas  Valley  is  not  so  plainly  a  valley  of  the  same  type  as  that 
already  mentioned,  it  has  an  eastward  continuation  in  Selah  Valley 
which  is  exactly  similar  to  Moxee  Valley,  to  the  south,  except  that 
the  basalt  is  not  so  deep  beneath  the  surface  as  in  the  latter  valley. 
The  valley  of  Roza  Creek  and  Burbank  Canyon  constitutes  the  next 
synclinal  valley  to  the  north,  being  followed  by  the  Umptanum- 
S<iuaw  Creek  Valley.  In  these  cases  the  trough  is  well  shown  on  both 
sides  of  Yakima  River.  Farther  north  is  Kittitas  Valley,  a  valley  of 
the  same  type,  in  which  is  situated  the  city  of  EUensburg,  and  which 
is  the  next  area  of  agricultural  importance  to  the  north  of  North 
ITakima.  South  of  North  Yakima  the  Reservation  Valley  has  a  simi- 
ISLT  structure  and  the  same  topographic  characters. 

Such  of  these  valleys  as  are  important  in  the  discussion  of  the  arte- 
siarii  problems  will  be  described  more  fully  further  on. 

WATER  RESOURCES. 

Tn  an  arid  region  like  the  North  Yakima  country,  where  extensive 
areas  are  well  adapted  to  agricultural  purposes,  by  reason  of  the  favor- 
in^  topography,  the  composition  and  texture  of  the  soil,  and  the  mod- 
eirAtely  high  mean  annual  temperature,  water  becomes  one  of  the  most 
v^a^luable  natural  resources.  Upon  it  depend  land  values,  so  that 
tlie  proper  conservation  and  utilization  of  the  water  supply  is  of 
^ro^itest  economic  importance.  Such  a  water  supply  is  in  part  visible 
tnci  in  part  concealed.  The  former  comprises  the  rivers  and  streams, 
LXicl  will  be  discussed  under  the  title  of  surface  waters.  The  latter 
noludes  the  water  stored  beneath  the  surface,  or  the  underground 
f^flrt^r.     Both  have  one  origin,  being  derived  from  the  rainfall  and 
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snowfall,  the  surface  waters  representing  the  run-off  and  the  under- 
ground waters  that  portion  which  sinks  beneath  the  surface.  In 
an  arid  region  neither  the  surface  waters  nor  the  underground  waters 
are  wholly  indigenous,  but  are  derived  from  adjoining  areas  where 
the  precipitation  is  heavier,  so  that,  in  order  to  discuss  intelligently 
this  economic  problem,  observation  must  cover  a  great  expanse  of 
country. 

SURFACE  WATERS. 

Although  the  area  herein  described  lies  within  the  Arid  Region,  it  is 
close  to  the  western  border  of  that  belt,  and  is,  therefore,  well  sup- 
plied with  flowing  streams,  which  have  their  source  in  the  mountains. 
These  will  be  described  briefly,  on  account  of  the  important  bearinjr 
which  they  have  upon  the  subject  of  irrigation  in  these  valleys. 

YAKIMA  RIVER. 

The  master  stream  of  the  area  is  Yakima  River.  East  of  this  rivtr 
the  tributary  streams  are  only  seasonal,  but  those  entering  from 
the  west  are  more  important.  These  tributaries,  like  the  Yakima, 
head  against  the  snow  peaks  of  the  Cascade  Range.  Yakima  River 
has  its  source  in  Keechelus  Lake,  close  to  the  crest  of  the  rangv. 
This  lake  is  supplied  with  water  from  the  surrounding  peaks,  on 
which  the  snow  remains  until  late  summer,  and  in  many  cases  per- 
sists from  year  to  year.  Kachess  and  Clealum  rivers  are  the  two 
important  headwater  tributaries  of  the  Yakima,  being  the  outlets  of 
large  lakes  of  the  same  names.  Both  of  these  rivers  are  supplied 
throughout  the  summer  by  melting  snow  and  glacier  ice.  The  next 
large  tributary  is  Teanaway  River,  which  drains  an  extensive 
area  to  the  north  of  Yakima  Valley.  Other  tributaries  are  Swauk, 
Reeser,  Taneum,  Manastash,  Wilson,  and  Naneum  creeks,  the  watt^rs 
of  all  of  which  are  used  in  the  irrigation  of  Kittitas  Valley,  th*- 
important  broad  valley  in  which  EUensburg  is  situated.  In  1^"*: 
extensive  plans  were  proposed  by  the  Northern  Pacific  land  depart- 
ment for  irrigating  Yakima  Valley,  and  detailed  surveys  for  reservoi- 
sites  were  made  on  the  three  lakes  mentioned.  All  of  these  lakt^ 
outlet  through  glacial  deposits,  and  it  was  proposed  by  the  Northerr. 
Pacific,  Yakima  and  Kittitas  Irrigation  Company  to  construct  cril' 
dams  30  feet  in  height  at  the  lake  outlets.  This  plan,  however,  wa> 
not  carried  out,  although  timber  for  the  purpose  was  prepared  an'. 
remains  piled  up  at  the  outlet  of  Keechelus  Lake. 

Several  years  ago  a  canal  was  proposed  to  take  water  fn>!' 
Yakima  River  at  Easton,  and  portions  of  it  were  constructed.  It  > 
known  as  the  Kittitas  Valley  irrigation  canal,  and  if  completed  i' 
would  have  irrigated  a  large  portion  of  that  valley.  At  present  ib' 
valley,  which  comprises  a  large  amount  of  arable  land  well  adaptr' 
to  the  cultivation  of  alfalfa  and  the  cereals,  is  irrigate<l  solely  l'; 
local  ditches,  which  use  the  water  from  the  creeks  already  uaentiont^. 


SMITB.] 


SURFAC15    WATERS. 


27 


One  of  these,  Reeser  Creek,  receives  some  water  which  has  been 
diverted  into  its  channel  from  First  Creek,  one  of  the  tributaries  of 
Swauk  Creek.  This  diversion  is  interesting,  as  the  water  is  made  to 
follow  the  old  abandoned  waterway  through  Green  Canyon.  Some 
attempt  has  also  been  made  to  improve  the  water  supply  of  Manastash 
Creek,  a  small  dam  having  been  built  at  the  outlet  of  Manastash  Lake, 
so  that  a  small  amount  of  water  is  stored  at  that  point. 

Tributary  streams  which  enter  Yakima  River  within  the  area  here 
discussed  are  Wenas  Creek,  Naches  River,  and  Cowiche  and  Atanum 
creeks. 

WENAS  CREEK. 

Wenas  Creek  drains  the  limited  area  lying  south  of  the  Manastash 
drainage  and  east  of  the  small  tributaries  of  Naches  River.  As  seen 
on  the  map  (fig.  1),  it  has  a  general  southeasterly  course  and  enters 
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Fxo.  2.— Map  of  reservoir  site  on  Sherman's  ranch,  Wenas  Creek. 

Yakima  River  about  10  miles  above  the  city  of  North  Yakima.  It 
drains  a  broad,  fertile  valley,  which  was  early  settled,  being  on  the  old 
stage  road  between  The  Dalles  and  EUensburg,  and  the  region  beyond. 
Irrigation  along  the  stream  has,  therefore,  been  developed  to  a  con- 
siderable extent,  and  the  ditches  built  effected  so  complete  a  diver- 
sion of  the  water  during  the  dry  seasons  that  lawsuits  have  been 
brought  to  determine  a  proper  division  of  the  water.  The  courts  have 
ordered  a  more  or  less  equitable  division,  but  this  solution  of  the 
problem  is  not  wholly  satisfactory,  and  attempts  have  been  made  to 
devise  a  system  of  storage. 

The  natural  basin  in  sees.  2  and  3,  T.  15  N.,  R.  17  E.,  was  examined 
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by  Mr.  Cyrus  C.  Babb  in  1898.     The  results  of  the  survey  made  at 
that  time  are  given  in  the  following  table: 

Capacity  of  reservoir  site  on  A,  L.  Sherman's  ranch,  Wenas  Creek, 


Contour. 

Area. 

Acreg. 

0.1 

3.9 

16.0 

38.3 

S6.1 

74.2 

88.4 

106.0 

123.6 

Capacity. 

Total 
capacity. 

Feet 
0 

Acre-feet. 

20 
100 
271 
472 
653 
812 
972 
1,148 

Acre-feet. 

21 

121 

392 

884 

1.517 

2,a» 

3,301 
4,460 

10 

20 

30 

40 

60 

60 

70 ^ 

80 

A  similar  investigation  was  made  by  Mr.  Sydney  Arnold  in  the 
summer  of  1900,  when  what  is  known  as  the  O'Neil  reservoir  site  was 
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Flu.  3.— Map  of  O'Neil  reservoir  site  on  Wenas  Greek. 

surveyed.  The  resulting  map  is  reproduced  here  (fig.  3)  in  10-f(K»i 
contouiTs.  The  length  of  the  dam  at  the  base  would  be  90  feet;  tb*- 
top  length  at  an  elevation  of  80  feet  would  be  350  feet.  The  toUl 
capacity  of  the  reservoir  with  a  dam  of  that  height  would  be  1,75^) 
acre-feet,  and  the  capacity  with  a  dam  100  feet  high  would  be  3,51" 
acre-feet.  Results  of  the  survey  are  disappointing,  in  that  the  tot^l 
content  of  the  reservoir  is  small  compared  with  the  size  of  the  dam 
required.     A  view  of  the  dam  site  is  shown  in  PI.  Ill,  A,      The  fol- 
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lowing  table  gives  the  capacity  of  a  reservoir  at  this  site  for  every 
10-foot  contour: 

Capacity  of  0*Neil  reservoir  site  on  WencLs  Creek, 


Coo  tour. 


Feet 

0 

10 

20 

ao 

40 

60 

ao 

TO 

80 

w 

100 


Area. 

Capacity. 
Acre-feet. 

Total 
capacity. 

Acre*. 

Acre-feet. 

0 

0 

0 

1.8 

1 

1 

4.9 

84 

35 

9.0 

70 

105 

15.2 

121 

226 

26.0 

201 

427 

36.4 

307 

734 

fi0.1 

432 

1.166 

67.3 

587 

1,753 

87.6 

774 

2,627 

110.8 

992 

3,519 

An  attempt  has  also  been  made  by  some  of  the  ranchers  in  Wenas 
Valley  to  divert  waters  tributary  to  Naches  River  around  the  south- 
em  slope  of  Bald  Mountain  into  the  North  Fork  of  Wenas  Creek. 
When  seen  in  the  summer  of  1900  the  ditch  dug  for  this  purpose  did 
not  appear  to  be  a  success. 

NACHES  RIVER. 

Naches  River  is  considered  the  most  important  stream  for  irrigation 
purposes  in  the  State  of  Washington.  It  reaches  Yakima  Valley  at 
a  point  where  its  waters  are  immediately  available  for  irrigating  exten- 
sive areas  of  the  best  agricultural  lands.  Already  a  number  of  irriga- 
tion systems  take  water  from  this  river,  and  in  view  of  new  irrigation 
projects  its  storage  possibilities  have  been  investigated  by  the  hydro- 
graphic  division  of  the  Geological  Survey. 

In  the  summer  of  1897  Mr.  Cyrus  C.  Babb  made  a  survey  of  a  reser- 
voir site  at  Bumping  Lake,  on  Bumping  River.  This  lake,  which  is 
within  the  Mount  Rainier  Forest  Reserve,  lies  close  to  -the  crest  of  the 
Cascade  Range  and  is  surrounded  by  high  peaks.  Its  shores  are 
covered  with  dense  forests.  On  August  26,  1897,  a  measurement  of 
the  discharge  at  the  outlet  was  made,  giving  83  second-feet.  At  that 
time  the  water  surface  was  115  feet  wide.  The  water  marks  around 
the  lake  show  an  annual  fluctuation  of  about  3  feet.  Its  height  may 
reach  7  feet  during  exceptionally  wet  seasons  or  after  a  winter  of 
heavy  snowfalls.  At  a  height  of  10  feet  the  water  surface  would  be 
about  150  feet  wide.  The  length  of  the  proposed  dam,  at  a  height  of 
25  feet  above  the  bed  of  the  river,  would  be  480  feet.  The  area  of 
the  lake  is  631  acres;  the  area  at  the  25- foot  contour,  the  height  of  the 
proiK)sed  dam,  is  1,153  acres,  giving  a  reservoir  capacity  of  22,300 
aci-e-feet.  The  Northern  Pacific,  Yakima  and  Kittitas  Irrigation 
Company  surveyed  this  site  in  September,  1894,  and  prepared  forcoh- 
struction  by  hewing,  in  the  immediate  vicinity,  tamarack  timbers  for 
the  dam.     These  are  now  piled  up  at  the  outlet  of  the  lake. 

Tieton  River,  which  enters  the  Naches  about  15  miles  above  its 
mouth,  is  an  important  stream,  and  being  in  greater  part  fed  by 
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glacial  streams  it  maintains  a  large  discharge  during  the  hot  montb 
of  summer,  when  it-s  waters  are  most  needed  for  irrigation  pnrpoi»es. 

The  North  Yakima  region  is  the  most  extensively  irrigated  of  any 
district  in  the  Stat-e  of  Washington,  and  the  importance  of  Naohes 
River  is  shown  by  the  canals  which  take  water  from  it.  Some  of  (he 
principal  of  these  may  here  be  mentioned. 

The  Selah  Valley  irrigation  canal  is  on  the  north  side  of  NHche^ 
River,  its  Intake  being  just  above  the  mouth  of  Tieton  River.  It  b 
about  30  miles  in  length,  and  irrigates  about  3,000  acres,  under  culti- 
vation, in  Naches  and  Selah  valleys.  Below  this,  on  the  north  side. 
head  the  Wapatuck  and  Naches  canals,  17  and  7  miles  long,  respec- 
tively, which  irrigate  the  bottom  lands  of  Naches  Valley. 


Fig.  4.— Map  of  violnity  of  North  Yakima, showing  lrrigatioi&  canala. 

On  the  south  side  the  Yakima  Valley  canal  heads  about  12  mil«^^ 
from  North  Yakima.  (See  PI.  IV.)  For  the  first  10  miles  of  it> 
course  it  is  in  a  flume.  At  the  high  point  known  as  Pictured  Rock* 
it  is  carried  around  on  a  trestle  about  70  feet  high,  and  then  crossw' 
Cowiche  Canyon  in  an  inverted  siphon;  thence  it  continues  in  flum*^ 
and  canal  around  into  Wide  Hollow,  but  it  has  not  been  found  espe 
dient  to  extend  it  farther  into  Atanum  Valley,  for  the  reason  thattb 
canal  is  not  high  enough  to  cover  much  of  the  valley,  and  because  i 
carries  hardly  sufficient  water  for  the  land  now  under  it,  for  whk-h 
water  rights  have  been  sold.  The  length  of  the  canal  is  16  miles,  an : 
it  irrigates  3,000  acres. 

The  Hubbard  ditch  heads  close  to  Pictured  Rocks,  on  the  south  sidt 
of  Naches  River,  just  below  the  bridge  crossing  that  stream  (PL  V,  B 
This  ditch,  with  the  Yakima  Water,  Light  and  Power  CJompany* 
canal,  and  the  Shanno,  Broadgage,  Union,  and  Town  ditches,  whiv: 
head  between  the  Hubbard  ditch  and  the  lower  highway  bridge, : 
the  order  named,  serves  to  water  the  lands  in  the  immediate  vicinity 
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of  the  city  of  Nort.h  Yakima..  The  Yakima  Water,  Light  and  Power 
Company's  canal  discharges  into  the  reservoir,  whence  a  drop  of  20 
feet  is  obtained,  developing  sufficient  power  for  the  city  pumping 
plant  and  the  electric  lights. 

In  1895  the  survey  for  a  large  canal,  called  the  Naches  and  Colum- 
bia River  irrigation  canal,  was  made  under  the  direction  of  the  State 
arid  land  commission,  formed  after  the  passage  of  the  Carey  act. 
The  intake  of  this  canal  was  to  be  on  the  north  side  of  Naches  River, 
3  miles  below  the  head  of  the  Selah  Valley  canal.  The  canal  was  to 
cross  Yakima  River  a  short  distance  above  the  mouth  of  Naches  River, 
by  means  of  an  immense  inverted  siphon,  circle  Moxee  Valley,  pass 
through  the  ridge  east  of  Union  Gap,  by  a  tunnel  6,100  feet  long,  and 
continue  down  Yakima  Valley  to  Rattlesnake  Mountain,  around  which 
it  was  to  pass  to  lands  overlooking  Columbia  River.  It  was  to  be 
140  miles  long,  and  to  carry  at  its  head  2,000  second-feet  of  water. 
The  intention  was  to  use  the  Bumping  Lake  storage  reservoir.  No 
work  has  been  done  on  this  canal. 

A  few  years  ago  a  survey  was  also  made  for  a  canal  called  the  Bur- 
lingame  canal,  which  was  to  take  water  from  the  south  side  of  Naches 
River,  just  below  the  mouth  of  Tie  ton  River,  and  carry  it  around 
into  Atanum  Valley,  thence  around  Atanum  Ridge,  to  the  bench 
lands  above  Toppenish  Creek  on  the  Yakima  Indian  Reservation. 
About  3  miles  of  construction  work  was  done  on  this  canal  near  its 
head.  The  canal  as  far  down  as  Pictured  Rocks  would  be  expensive 
to  construct,  on  account  of  the  andesitic  formation  through  which  it 
would  pass,  and  doubtless  would  be  very  expensive  to  maintain. 

Mention  may  here  be  made  of  four  canals  which  take  water  from 
Yakima  River  nearly  opposite  the  mouth  of  Naches  River  and  con- 
stitute the  irrigation  supply  for  the  lower  part  of  Moxee  Valley,  just 
southeast  of  the  city  of  North  Yakima.  These  are  the  Selah-Moxee 
canal,  recently  constructed,'  the  Moxee  Company's  canal,  the  Hub- 
bard ditch,  and  the  Fowler  ditch.  The  last  three  irrigate  about  3,000 
acres;  the  Selah-Moxee  irrigates  about  5,000  acres. 

The  largest  canal  of  the  region  is  Sunnyside  canal,  which  has  its 
int^ike  on  the  east  side  of  Yakima  River,  about  9  miles  south  of  North 
Yakima  and  close  to  the  southern  edge  of  the  area  included  in  the  map 
(fig.  4).  It  is  42  miles  long,  and  was  constructed  by  the  Yakima 
Investment  Company,  successors  to  the  Northern  Pacific,  Yakima  and 
Kittitas  Irrigation  Company. 

COWICHE   CREEK. 

Cowiche  Creek,  which  flows  into  Naches  River  about  3  miles  from 
North  Yakima,  is  formed  by  two  forks  which  in  the  vicinity  of  their 
junction  have  rather  extensive  alluvial  bench  lands.  The  head- 
waters of  these  forks  do  not  reach  back  far  enough  to  secure  a  constant 
supply  of  water,  and  on  this  account  attempts  have  been  made  to 


^  ThiB  canal  was  opened  about  June  1, 1901. 
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devise  a  storage  system.  The  plan  adopted  was  the  construction  of 
a  reservoir  on  the  plateau  between  Cowiche  Creek  and  Naches  River. 
A  natural  depression  in  the  surface  of  the  hard  andesitic  lava  flow 
was  utilized,  and  retaining  dams  were  constructed,  making  a  reser- 
voir which  can  be  filled  during  the  flood  season  in  the  early  spring, 
at  which  time  an  abundant  supply  of  wat«r  is  furnished  by  the  North 
Fork  of  Cowiche  Creek.  This  reservoir  does  not  hold  sufficient  water 
to  irrigate  more  than  a  very  small  portion  of  the  Cowiche  bottom 
lands,  but  it  is  of  interest  as  it  is  the  first  of  its  kind  in  the  State. 


Fia.  6.— Map  of  Cowiche  reeervoir. 


ATANUM   CREEK. 

Atanum  Valley,  which  includes  the  southwestern  portion  of  th«» 
North  Yakima  area,  was  one  of  the  earliest  sections  settled  in  this 
vicinity.  Here,  again,  nearly  all  of  the  available  summer  flow  of  the 
creek  has  been  utilized  for  irrigation,  and  as  a  consequence  a  number 
of  cases  have  been  tried  in  the  courts.  During  the  season  of  unusu- 
ally low  water  in  1892  an  action  was  brought  in  the  superior  court  of 
Yakima  County,  by  certain  riparian  proprietors  on  Atanum  Creek, 
"to  restrain  certain  appropriators  from  diverting  the  water  of  said 
stream  from  above  and  conducting  the  same  to  and  from  their  land, 
situated  at  a  distance  therefrom,  for  the  purpose  of  irrigation."    Th« 


SMITH.]  SUBFAOE    WATEB8.  83 

injunction  was  granted,  and  the  case  was  appealed  to  the  State 
supreme  court,  where  it  was  upheld,  by  decision  rendered  July  2, 1897. 
A  large  tract  of  land  is  under  cultivation  on  the  benches  north  of  the 
river,  and  it  would  seem  that  under  this  decision  irrigation  will  have 
to  be  discontinued  unless  water  can  be  obtained  from  other  sources. 
On  July  26,  1897,  the  discharge  of  Atanum  Creek  just  below  the 
junction  of  the  North  and  South  forks  was  40.1  second- feet.  This  is 
above  the  head  of  most  of  the  important  canals.  In  July,  1897,  a 
series  of  measurements  of  Atanum  Creek  and  the  canals  taking  water 
therefrom  was  made  by  Mr.  Cyrus  C.  Babb,  for  the  purpose  of  deter- 
mining the  seepage,  or  the  amount  of  water  returning  to  the  creek. 
The  following  table,  prepared  by  Mr.  Babb,  gives  the  results  of  these 
measurements: 

Discharge  measurements  made  in  July,  1897,  of  Atanum  Creek  and  canals  taking 

water  therefrom. 

Seoond-feet. 

North  Fork  of  Atanum  Creek  above  Anderson's  ranch,  sec. 

12,  T.  12N.,R.  15E 50.1 

Cox  ditch  at  Charles  Anderson's,  sec.  12 6. 9 

Two  small  ditches  below  Cox  ditch,  8ec.l2 1.0 

Slough  at  Dan  Kinney's  house,  sec.  7,  T.  12  N. ,  R.  16  E 4. 5 

North  Fork  road  bridge  near  Tampico, sec.  18 26.2 

Waste  water  near  Allen's  house  (into  creek) 2. 2 

Atanum  Creek  below  forks,  sec.  17 40.1 

Dan  Lesh  ditch, sec.  16 :...      .6 

Atanum  Creek  at  Narrows,  or  Rocky  Cliff 49.8 

Herke's  ditch  (upper) ,  sec.  14 .5 

•Herkes  ditch  (lower), sec.  14 5 

Morris  ditch  above  North  slough 2.5 

Small  Catholic  Mission  ditch 8 

North  slough  above  mission, sec.  18 28.4 

Atanum  Creek  100  feet  below  Middle  slough 9. 0 

Middle  or  Second  slough  75  feet  below  head,  sec.  18,  T.  12  N., 

R.17B 9.8 

Lynch  ditch,  sec.  17 3 

Yallnp  Indian  ditch,8ec.l6 8.4 

Atanum  Creek  below  Indian  ditch 8. 4 

Simpson'A  ranch  ditch 8.0 

Woodhonse  ditch 6 

Atanum  Creek  at  Woodhonse  ranch,  sec.  14 7 

Atanum  Creek  at  Tanner  bridge,  sec.  8,  T.  12  N.,  R.  18  E .8 

Indian  ditch. sec. 8 l-O 

Atanum  Creek  at  line  between  sees.  11  and  12 9 

Waste  slough,  sec.  I 3. 5 

Wide  Hollow  waste  slough,  sec.  1 14.9 

Atanum  Creek  at  Union  Gap  bridge,  sec. 8,  T.  12  N.,  R.  19  E.  12. 5 

In  September,  1898,  a  reconnaissance  was  made  by  Mr.  Babb,  for 
the  pnrpose  of  thoroughly  exploring  the  upper  basin  of  Atanum 
Creek  to  ascertain  whether  there  existed  any  possible  reservoir  sites 
in  which,  by  the  construction  of  suitable  dams,  the  spring  freshets  of 
tlie  stream  could  be  stored  and  used  upon  the  irrigable  lands  below 
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during  times  of  low  water.     The  results  of  this  investigation  were  dis- 
appointing, no  reservoir  sites  being  found. 

In  order  to  determine  whether  an  additional  water  supply  for 
A  tan  am  Valley  could  not  be  obtained  by  the  diversion  of  some  of  the 
tributaries  of  Klickitat  River  across  the  divide  into  Atanum  Basin, 
in  August,  1900,  Mr.  Sydney  Arnold  made  a  reconnaissance  of  the 
Klickitat  Basin.  Diamond  Fork  of  Klickitat  River  and  South  Fork  of 
Tieton  River  receive  their  waters  from  the  peaks  of  Groatrock  Monn- 
tains,  which  are  covered  with  snow  throughout  the  year,  thus  insur- 
ing a  constant  supply.  Gold  Fork  of  Klickitat  River,  the  only  stream 
to  be  considered  in  this  connection,  drains  a  lower  country  and  has 
not  so  abundant  a  supply.  Mr.  Arnold's  investigation  showed  the 
futility  of  any  diversion  from  the  Klickitat  Basin  into  the  Atanum 
Basin.  Gold  Fork  is  lower,  by  at  least  1,000  feet,  than  the  lowest  ele- 
vation of  the  divide  between  it  and  the  basin  of  Atanum  Creek.  The 
lowest  point  of  the  divide  between  the  Tieton  and  Gold  Fork,  afi 
shown  by  leveling,  is  lower,  by  several  hundred  feet,  than  any  point 
on  the  Atanum-Klickitat  divide,  so  that  none  of  the  waters  of  Gold 
Fork  can  be  carried  over  to  Atanum  Creek. 

GAGING  STATIONS  AND  RECORDS. 

A  number  of  gaging  stations  have  been  maintained  by  the  United 
States  Geological  Survey  on  Yakima  River  and  its  main  tributary, 
Naches  River.  On  August  14, 1893,  a  station  was  established  on  the  lat- 
ter stream  at  the  highway  bridge  a  short  distance  above  its  mouth.  (See 
PL  V,  jB.)  Owing  to  the  change  in  the  channel,  by  excessive  floods, 
the  station  was  discontinued  in  1897,  but  was  resumed  the  following 
year,  from  which  time  continuous  records  have  been  maintained. 

A  gaging  station  on  Yakima  River  was  established  at  Union  Gap. 
7  miles  below  North  Yakima,  on  August  14,  1893,  but  continuous 
records  have  been  maintained  only  since  August,  1896.    (See  PL  Y,  A.) 

In  1897  an  attempt  was  made  to  obtain  data  regarding  the  flow  of 
Naches  River,  and  accordingly  a  gaging  station  was  established  on 
Yakima  River  at  the  Selah  bridge,  4  miles  above  the  mouth  of  Naehe» 
River,  the  idea  being  that  the  difference  between  the  discharge  at  the 
station  at  Union  Gap,  below  Naches  River,  and  that  at  Selah,  above 
the  river,  would  give  the  discharge  of  that  stream.  The  results  were 
not  altogether  satisfactory,  however,  for  the  canals  of  Moxee  Valley 
divert  water  between  the  two  stations,  and  some  waste  water  from  the 
Naches  River  canals  enters  between  the  two  points.  It  was  for  this 
reason  that  the  Naches  station  was  resumed  in  1898. 

The  following  tables  give  the  monthly  discharges  at  the  thi^e 
stations  mentioned  for  the  periods  during  which  continuous  records 
have  been  kept. 

More  detailed  descriptions  of  these  stations  will  be  found  in  the 
various  annual  rei)orts  of  the  Geological  Survey,  Part  IV,  and  in 
Water-Supply  Papers  Nos.  16,  28,  and  38. 
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Estitnated  mont/Uy  discharge  of  Y<Mma  River  at  Selahy  Wash, 

[Dnlnace  area,  1,900  square  miles.] 


Month. 


May  11^1 

Jnne 

July  

Aninust  1-21 . . 
September... 
October  ao-dl. 
November  ... 
December 


1897. 


Discharge  in  second-feet 


Mazimnm. 


Minimum. 


13,848 
6,891 
8.746 
1,016 


828 

19,811 

8,670 


ft,  142 

2,876 

1,012 

644 


828 

828 

1,472 


Mean. 


9,318 
4,021 
2,067 

811 
aTQO 

828 
3,979 
2,702 


Run 

Total  In 

Second- 

acre-feet. 

feet  per 

square 

mile. 

240,260 

4.76 

239,280 

2.06 

126,481 

1.06 

33,798 

..41 

41,663 

.36 

19.704 

.42 

296,766 

2.08 

166,140 

1.38 

Depth  in 
inohe& 


1.97 

2.29 

1.21 

.32 

.40 

.17 

2.26 

1.50 


Estimated  monthly  discharge  of  Naches  River  at  North  Yakiina,  Wasfi, 

[Drainage  area,  1,000  sqnare  miles.] 


Dis(diarge  in  seoond-f  eet. 


Month. 


1896. 


Angnst  — 
September 
October  ... 
NoTember 
December . 


January... 
February.. 

Mar<± 

April 

May 

June 

July 

August 

September 
October  ... 
November 
December. 


1896. 


The  year 


1899. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  --- 
November 
December. 


The  year 


1900. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 
December. 


The  year 


Mazimnm. 


1,640 

490 

460 

6,200 

2,960 


2,181 

6,800 

7.480 

6,640 

2,867 

1.019 

607 

811 

709 

2,807 


7,480 


4,326 
2,676 
1,600 
3,060 
6,700 
6,700 
6.800 
2,675 
950 
1.600 
7,300 
6,600 


7,300 


6,100 
1.660 
4,310 
6.200 
6,200 
8,010 
1,000 
530 
600 
2,000 
1,420 
6,800 


6,100 


Minimum. 


480 
360 
310 
366 
1,460 


913 

1,019 

4,120 

2,484 

1,019 

386 

325 

826 

385 

225 


600 

1,360 

960 

1,200 

2,600 

6,600 

2,860 

960 

600 

•426 

700 

1,200 


426 


1,420 

1,000 

1,090 

1,690 

1,660 

1.090 

470 

370 

390 

390 

910 

1,300 


370 


Mean. 


849 

417 

347 

1,7W 

1.940 


aSOO 

a3,000 

1,607 

3,160 

6,186 

4,600 

1,798 

604 

382 

446 

510 

680 

1,846 


1,468 
1.827 
1,115 
2,246 
4,634 
6,2!» 
4,606 
1,605 
666 
728 
2,612 
2,941 


2,546 


2,309 

1,199 

2,720 

2,963 

3,166 

1,806 

640 

423 

448 

721 

1,189 

2,711 


1,606 


Run 

Total  in 

Second- 

acre-feet. 

feet  per 

square 

mile. 

62,203 

0.86 

24,814 

.42 

21,386 

.36 

104.946 

1.71 

117,071 

1.94 

a80,744 

a. 60 

a 106, 612 

U3.00 

92,662 

1.61 

187.973 

8.16 

318,877 

6.19 

267.768 

4.50 

110,666 

1.80 

36.524 

.60 

21,540 

.36 

27,382 

.45 

30.347 

.61 

86,603 

.68 

1,386,627 

1.86 

89,649 

1.46 

101.466 

1.88 

68.550 

1.12 

183,646 

2.26 

278,785 

4.63 

370.116 

6.22 

283,212 

4.00 

98.688 

1.60 

39,630 

.67 

44,763 

.73 

155.425 

2.61 

180,835 

2.04 

1,844,774 

2.50 

146.664 

2.37 

06.689 

1.20 

167.246 

2.72 

175.716 

2.96 

194.670 

3.17 

107.464 

1.81 

393,521 

.64 

28,009 

.42 

26,668 

.46 

44,332 

.72 

70,760 

1.19 

166,693 

2.71 

1,586,312 

1.70 

Depth  in 
inches. 


0.96 

.47 

.40 

1.91 

2.24 

a. 68 

a8.12 

1.74 

8.68 

6.98 

5.02 

2.06 

.68 

.40 

.62 

.67 

.67 

24.80 

1.68 
1.91 
1.29 
2.61 
6.28 
6.94 
4.61 
1.84 
.74 
.84 
2.91 
8.39 

33.88 

2.74 

1.26 

3.14 

8.29 

8.66 

2.02 

.74 

.48 

.60 

.83 

1.83 

8.18 

23.11 


a  Approximate. 


86      GEOLOGY  AND  WATEB  BESOUB0E8,  TAKIMA  00. ,  WASH.      [ko.  » 


EstinuUed  monthly  discharge  of  Yakima  River  at  Union  Gap^  Wcuh, 

[Drainage  area,  830O  square  mllee.] 


Month. 


Angnst 

September 
October  . . 
November 
December. . 


1808. 


Janoary... 
February  . 

March 

April 

May 

June 

July 

August 

September 
October... 
November 
December. 


1097. 


The  year 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October   .. 
Norember 
December. 


ia». 


The  year 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October . .  - 
November 
December. 


law. 


The  year 


January... 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November 
December. 


1900. 


The  year 


Diacliarge  in  second-feet. 


Maximum. 


2,000 

1,170 

910 

45,660 

10,480 


4,788 
27,66U 
28,964 
10,826 

0,866 

1,440 
916 

1,020 
25,186 
11.220 


8,270 

22,246 

6,909 

12,446 

18,600 

16,091 

6,260 

2.170 

966 

1,776 

2,644 

10,059 


Bfinimum. 


22,246 


10.600 

8,(160 

3,900 

6,800 

18,760 

17,011 

9,800 

4,605 

2.460 

2,900 

12,080 

14,180 


17,011 


19,160 

4,800 

11,460 

11,800 

10,760 

4,800 

2,600 

1,160 

1,860 

6,600 

4,260 

18,560 


19.160 


1,170 
910 
840 
910 

2,820 


1,660 

4,788 

ll,6i21 

4,788 

1,660 

915 

705 

705 

915 

2,880 


l,b94 

1,775 

2.818 

3.000 

8,270 

5,250 

2,170 

885 

685 

685 

1,815 

985 


685 


2,000 
8,500 
2,460 
2,600 
4,525 
9,800 
4,525 
2,600 
1,605 
1,865 
2,800 
2,150 


1,865 


4.000 

8.060 

8.500 

4,800 

8,760 

2.800 

1.150 

650 

860 

950 

2,800 

4.260 


660 


Mean. 


1,660 

i,on 

860 
7,662 
5,162 


a2. 100 

a  8. 000 

2,472 

15,004 

15,686 

7,109 

8,291 

1,168 

817 

810 

5,274 

8,969 


Total  in 
acre-feet. 


101,454 
63, 7» 
62,879 

466,335 

ai7,r 


5.068 


3,360 
6,804 
4.638 
6.901 
12,388 
9,514 
3,480 
1.364 
855 
1.300 
1,971 
1.968 

4.538 


4.813 
4,810 
3,006 
4,27:) 
9,424 
13,840 
7,554 
8,298 
1,920 
1.888 
4,711 
5,951 


5,416 


8,752 
8,770 
7,474 
7,747 
7.066 
8.828 
1,685 
876 
1,090 
2,243 
8,472 
7,002 


130.125 

166,612 

151,996 

802, 7W 

964,430 

423,014 

202,357 

71.818 

48.615 

40.805 

813,824 

244,046 


3,668,451 


205,965 

877,875 

279,083 

410,687 

761,713 

606,121 

218,978 

88,870 

50,876 

79,964 

117,282 

122,288 


3.209,542 


295,940 
267,134 
184,888 
254.261 
579,459 
794,142 
464,477 
202,848 
114.248 
116,089 
280.824 
865.918 

3.919,667 


Bun-oif. 


Second- 
feet  per  I  Depth  in 
square  ,  Inches, 
mile.    > 


588,189 
209,875 
450,568 
460,078 
484,471 
227,782 
100.632 
58,868 
64.869 
187,917 
206,608 
486,090 


4,687  ,    8,880,142 


0.60 

.82 

.26 

2.32 

1.56 


.64 

.91 

.75 

4.66 

4.75 

2.15 

1.00 

.85 

.24 

.24 

1.60 

1.20 


1.58 


1.02 
2.06 
1.88 
2.09 
3.75 
2.88 
1.05 
.41 


.60 
.60 


1.37 


1.46 

1.45 

.91 

1.20 

2.85 

4.04 

2.28 

.99 

.68 

.57 

1.42 

i.ai 


1.64 


I 


2.65 
1.14 
2.25 
2.85 
2.14 
1.16 
.50 
.27 


1.05 
2.15 


1. 


0.d^ 
.36 

.3} 

1.80 


-74 

.95 

.86 

5.07 

5.47 

l«l 

1.U 

.4U 

.r 

.28 
L3B 


20.  ?S 


2wl4 
1.59 

2.33 
4S{ 

aa 
La 

.47 

.s 

.4» 

.5: 


18.56 


1« 
LSI 
L« 
L44 
3.9 
4.S 
2.6S 
L14 
.61 
.61 
L9 
2.W 


2S.S1 


Ll» 
2.61 
2.« 
2.4: 

L» 

.5^ 
.S 

.ST 

Li: 


1B.« 


a  Approximate. 
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UNDERGROUND  WATERS. 
GENERAL  CONDITIONS. 

Often  the  concealed  water  is  the  most  important  supply  of  a  region. 
If  the  surface  is  hard  and  not  well  adapted  to  receive  moisture,  a  large 
pATt  of  the  rainfall  is  contributed  to  the  run-off;  or  if  the  surface  is 
poorly  drained,  evaporation  may  claim  a  large  share.  On  the  other 
handy  where  the  soil  is  sandy  and  open  in  texture,  the  percentage  of 
rainfall  that  sinks  into  the  ground  may  be  considerable.  The  course 
which  such  waters  take  after  their  disappearance  beneath  the  surface 
dei)ends  upon  geologic  conditions.  The  presence  of  an  impervious 
subsoil  or  rock  floor  will  cause  the  retention  of  the  moisture  immedi- 
ately beneath  the  surface,  where  it  is  within  the  reach  of  vegetation, 
and  is,  through  the  agency  of  plants  and  the  action  of  capillarity, 
brought  again  to  the  surface  and  eventually  evaporated,  never  con- 
tributing to  any  general  storage  of  underground  waters.  In  the 
Takima  Basin  these  conditions  are  found  at  many  localities  where 
deposits  of  fine  soil,  of  alluvial  or  possibly  of  seolian  origin,  directly 
overlie  the  solid  basalt.  The  northern  slope  of  Umptanum  Ridge  is  a 
good  example,  and  it  is  there  that  the  ^'dry  "  cultivation  of  wheat  and 
barley  is  found  to  be  practicable. 

GROUND  WATER. 

More  commonly  the  water  seeps  through  the  subsoil  and  seeks  lower 
levels,  directed  in  its  course  by  the  relative  porosity  of  the  various 
layers  of  soil  or  rock  encountered.  Where  the  underground  water  is 
unconfined  and  practically  free  to  keep  its  own  level,  it  may  be  termed 
ground  water.  Such  conditions  obtain  where  the  impervious  bed  sim- 
ply underlies  the  water-carrying  strata.  Thus  the  ground  water  may 
be  said  to  form  an  underground  drainage  system  roughly  comparable 
to  the  system  of  surface  streams.  In  the  underground  system,  how- 
ever, there  is  less  concentration  into  streams,  and  the  rate  of  flow  is 
much  less  rapid,  since  the  water  circulates  through  the  minute  spaces 
between  soil  particles  or  rock  grains.  Where  relatively  impervious 
rocks  are  traversed  by  joints  or  fissures  these  openings  become  chan- 
nels for  underground  waters,  and  then  the  conditions  are  more  favor- 
able for  rapid  flowage  than  in  the  ordinary  i>ore  openings  of  the  most 
porous  rock. 

The  availability  of  the  ground  water  is  governed  by  geologic  rela- 
tions. The  character  and  attitude  of  the  different  rock  formations 
directly  affect  the  position  of  the  water  table  or  the  upper  surface  of 
the  zone  in  which  the  soil  and  rock  are  saturated  with  water.  Where 
porous  sandstone  or  loose  open  sands  and  gravels  overlie  beds  of  clay 
or  impervious  rock,  the  zone  of  easy  passage  by  the  underground 
waters  is  well  defined.     If  such  water-carrying  beds  are  near  the  sur- 
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face  the}^  constitute  the  source  of  supply  for  surface  wells;  and  if  the 
water-saturated  beds  reach  the  surface  the  ground  water  is  returned 
to  the  surface  drainage  system  through  the  agency  of  springs.  Innu- 
merable examples  of  the  utilization  of  the  underground  supply  of 
water  in  the  Yakima  region  could  be  cited.  All  of  the  surface  wells  of 
the  lower  valleys  derive  their  supply  from  the  water-saturated  sands 
and  coarser  alluvium.  In  localities  where  the  wells  are  close  to  the 
stream  it  is  probable  that  the  well  water  is  derived  from  the  underflow 
or  underground  portion  of  the  stream.  This  is  plainly  the  case  where 
the  surface  stream  is  seasonal  in  character  and  only  the  underflow 
persists  through  the  summer.  The  North  Fork  of  Cowiche  Creek  is 
such  a  stream,  and  shallow  wells  have  been  dug  in  the  stream  bed  to 
reach  this  underflow  and  thus  insure  a  water  supply  during  the  dry 
season.  As  an  example  of  the  use  of  the  available  ground  water  in  rock 
close  to  the  surface,  the  tunnel  driven  horizontally  into  the  hill  slope 
on  a  ranch  on  Wenas  Creek  (sec.  11,  T.  15  N.,R.  17  E.)  may  be  cited. 
The  water  which  permeates  the  sandstone  is  in  this  manner  collected 
and  piped  to.  the  house.  In  the  same  valley  these  porous  sandstone 
beds  also  feed  numerous  surface  springs. 

ARTESIAN  WATER. 

The  second  class  of  underground  water  is  water  under  pressure. 
Where  conflned  within  a  porous  bed  between  impervious  strata  the 


FiQ.  0.— Diagrammatic  section  of  artesian  basin. 

action  of  the  water  is  different  from  that  of  the  ground  water  just 
described.  When  such  a  water  horizon  is  reached  by  a  well  the  con- 
fined water  rises  and  is  said  to  be  artesian,  whereas  ground  water 
simply  flows  into  a  well  opening,  never  rising  above  the  surface  of  the 
zone  of  saturation.  The  degree  to  which  the  water  possesses  the  arte- 
sian property  is  controlled  by  the  pressure,  and  this  is  most  important, 
since  upon  it  depends  whether  the  artesian  well  is  a  flowing  or  a  pump- 
ing well.  Fig.  6  illustrates  an  artesian  basin,  and  shows  the  relation 
of  the  porous  bed  and  the  impervious  strata. 

The  essential  conditions  of  artesian  water  are  geologic  and  topo- 
graphic; that  is,  they  involve  both  the  underground  structure  and 
the  surface  configuration — the  occurrence  of  permeable  or  porous 
rock  beds  or  strata  between  other  beds  relatively  impervious,  the 
disposition  of  these  strata  in  basin-like  form,  and  the  relatively  high 
outcrop  of  the  edges  of  the  permeable  strata.  It  will  be  noticed  that 
two  of  these  conditions  depend  upon  geologic  structure,  while  the 
third  relates  to  the  topographic  features  of  the  region. 

The  presence  of  a  x>orous  stratum  between  impervious  strata  is 
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necessary,  because  it  constitutes  the  area  of  accumulation  or  storage 
of  underground  water.  The  water-carrying  bed  may  be  sand  or 
sandstone,  the  interstices  of  which  afford  ready  passage  for  the  cir- 
culating waters.  When  confined  by  underlying  and  overlying  imper- 
vious rocks,  such  as  clay,  shale,  or  some  dense  and  compact  igneous 
rock,  the  i)orous  stratum  becomes  saturated  with  water,  which  can 
find  outlet  only  through  the  porous  bed  itself. 

The  second  condition  mentioned  as  essential  is  the  basin  or  trough 
structure  of  the  rock  strata,  shown  in  fig.  6.  This  structure  is  a  con- 
trolling factor,  because  the  water-carrying  strata  must  in  no  place 
reach  the  surface  at  a  lower  level  than  the  elevation  of  the  well.  A 
lower  outlet  would  prevent  the  storage  of  water  under  pressure,  with 
the  result  that  the  water  would  fail  to  rise  in  the  well,  in  which  event 
the  supply  tapped  would  not  be  artesian,  but  of  the  nature  of  ground 
water,  as  already  explained. 

The  third  controlling  condition  is  the  existence  of  an  adequate 
source  for  the  artesian  water.  The  outcrop  of  the  porous  beds  at  the 
surface  constitutes  the  area  of  supply  or  imbibition.  Here  surface 
and  ground  waters  pass  downward  and  enter  the  artesian  basin  or 
area  of  accumulation.  To  adopt  a  common  illustration,  the  outcrop 
of  the  water-carrying  bed  may  be  compared  to  the  intake  of  a  city 
water  main  at  the  reservoir;  thence  the  city's  water  supply  is  carried 
beneath  the  surface,  but  is  available  wherever  a  surface  pipe  taps  the 
main  and  brings  the  water  to  the  surface  again,  the  pressure  at  any 
hydrant  being  directly  dependent  upon  the  elevation  of  the  reservoir. 
This  comparison  of  an  artesian  basin  to  a  city  water  system  of  the 
gravity  tyi>e  may  be  found  helpful  to  the  practical  man. 

If  all  of  the  conditions  specified  obtain  in  a  region,  an  artesian 
water  supply  is  assured,  and  the  water  which  is  stored  in  the  artesian 
basin  can  be  tapped  by  a  well  driven  through  the  confining  cover, 
thus  affording  an  outlet  for  the  water  which  saturates  the  porous  beds. 
The  height  to  which  the  artesian  water  will  rise  in  the  well  is  depend- 
ent upon  the  head  or  pressure,  which  in  turn  is  directly  controlled  by 
the  elevation  of  the  upper  end  of  the  water  body,  or  the  point  where 
the  water-saturated  beds  reach  the  surface.  If  the  mouth  of  the  well 
is  relatively  lower  than  the  point  where  the  beds  receive  their  supply, 
the  pressure  will  be  sufficient  to  force  the  artesian  water  to  the  sur- 
face, and  the  well  will  be  a  flowing  well.  If,  however,  the  mouth  of 
the  well  is  higher  than  the  outcrop  of  the  water-carrying  beds,  the 
water  in  the  well  will  not  reach  the  surface,  and  pumping  will  be 
necessary.  Friction  within  the  water-carrying  beds  and  the  well 
easing  of  course  enters  as  a  factor,  slightly  decreasing  the  pressure. 

The  facts  which  bear  directly  upon  these  three  essentials  of  artesian 
water  must  be  ascertained  in  different  ways  and  with  varying  degrees 
of  success.  The  area  of  accumulation  or  storage  is  subterranean,  and 
therefore  is  known  only  through  "logs"  or  well  records.     Geologic 
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observations  of  the  surrounding  country — ^the  more  widely  extended 
the  better — also  afford  a  basis  for  a  comparatively  accurate  knowl- 
edge of  the  underground  conditions.  This  is  equally  true  of  the 
second  factor,  the  structure.  Accurate  mapping  of  the  geologic 
formations,  with  careful  study  of  their  structure,  enables  the  geolo- 
gist to  estimate  the  probability  of  the  presence  of  an  artesian  water 
supply.  The  third  condition  is  directly  available  for  study,  since  the 
area  of  supply  or  outcrop  of  the  porous  beds  is  at  the  surface,  and 
observation  can  be  made  of  the  areal  extent  of  the  outcrop  and  the 
amount  of  precipitation,  which  factors  directly  affect  the  supply  of 
water  and  the  storage  area  below,  and  a  knowledge  of  them  is  neces- 
sary to  any  discussion  of  the  amount  and  constancy  of  an  arteBian 
water  supply. 

ARTESIAN  BASINS. 

In  the  light  of  the  foregoing  discussion  of  general  principles  it  may 
be  well  to  describe  now  certain  areas  of  central  Washington  which 
possess,  or  are  thought  to  possess,  artesian  water.  At  present  there 
is  known  within  this  region  no  artesian  basin  which  can  be  compared 
to  such  basins  in  other  parts  of  the  country.  As  before  stated,  cen- 
tral Washington  is  unique  in  the  geologic  structure  of  its  mountain 
ridges  and  valleya  The  conditions  which  exist  in  the  one  known 
artesian  basin  are  peculiar,  and  for  that  reason  require  special  con- 
sideration. The  presence  of  a  supply  of  artesian  water  where  it  oould 
hardly  be  expected  renders  careful  study  of  the  geologic  conditions 
imperative.  To  this  end  a  description  of  the  Atanum-Moxee  Basin 
is  necessary,  and  the  knowledge  that  is  acquired  from  a  study  of  that 
artesian  basin  can  be  applied  to  the  other  areas  where  water  is  desired. 

ATANUM-MOXEB  BASIN. 

The  Atanum  and  Moxee  valleys  occupy  the  synclinal  fold  or  trough 
described  on  page  25.     The  structure  of  this  composite  valley  becomes 
its  most  important  feature  in  relation  to  its  value  as  an  artesian  basin, 
and  it  will  be  seen  to  possess  the  form  essential  to  make  it  a  reservoir 
for  artesian  water.     The  valley  itself  may  be  described  as  canoe 
shaped,  but  the  trough  structure  of  the  underlying  rocks  is  more 
accentuated,  and  may  better  be  compared  to  a  flat-bottomed  scow. 
For  15  or  more  miles  along  the  central  part  of  this  rock  fold  the  beds 
have  little  slope  or  dip,  but  at  each  end  there  is  a  rather  sudden 
change  to  an  upward  slope.    Thus,  while  5  miles  east  or  ^west  of 
Yakima  River  the  base  of  the  EUensburg  sandstone  or  the  top  of 
the  Yakima  basalt  is  at  a  depth  of  from  1,000  to  1,200  feet,  a  few 
miles  beyond  it  is  much  nearer  the  surface.     In  Atanum  VaUey  the 
slope  of  the  bottom  of  this  rock  trough  is  known  from  a  well  record 
and  from  surface  observations.     Less  than  2  miles  east  of  the  village 
of  Atanum  the  upper  surface  of  the  basalt  is  more  than  1,200  feet 
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beneath-  the  valley  floor,  while  6  miles  west  of  that  place  the  basalt 
appears  at  the  surface.  This  represents  a  total  upward  slope  at  this 
end  of  the  trough  of  more  than  1,700  feet,  while  west  of  Tampico  the 
basalt  sheets  slope  upward  even  more  rapidly,  until  the  top  of  the 
inclosing  ridge  is  reached*  The  outcrop  of  the  basalt  for  a  few  miles 
along  Atanum  Greek  below  Tampico  is  due  to  a  step-like  interruption 
in  the  general  eastward  slope  of  the  rocks  at  that  point.  This  is 
important,  as  will  be  explained  further  on,  because  the  water  horizon 
near  the  base  of  the  Ellensburg  sandstone  is  here  brought  to  the  surface. 

At  the  sides  of  the  Atanum-Moxee  Basin  the  upward  slope  of  both 
the  surface  and  the  rock  beds  is  quite  abrupt,  but  the  dip  of  the  rocks 
is  steeper  than  the  slope  of  the  surface.  In  the  vicinity  of  Union 
Gap  and  westward  for  a  few  miles  along  the  southern  wall  of  the  basin, 
the  Ellensburg  sandstone,  wherever  observed,  is  sharply  upturned, 
and  dips  of  50°  to  80°  can  be  seen,  while  at  a  few  points  the  rocks 
stand  in  a  vertical  position  or  are  slightly  ovei*turned.  This  is  also 
true  on  the  north  side  of  Wide  Hollow,  near  Naches  River. 

While  this  area  has  the  essential  basin  structure,  it  will  be  noticed 
at  once  that  Yakima  River  has  cut  across  the  rim  of  the  basin  at 
points  approximating  1,000  feet  above  sea  level.  At  that  levels  then, 
the  lower  beds  of  the  Ellensburg  formation  occur  under  the  alluvium 
of  the  river  bed,  and,  since  these  beds  constitute  the  water  horizon, 
it  presumably  would  follow  that  the  artesian  basin  would  be  tapped 
at  that  level.  Furthermore,  these  being  the  lowest  points  in  the 
Atanum-Moxee  Valley,  no  flowing  wells  could  reasonably  be  thought 
possible  there;  but  such  wells  do  exist,  and  will  be  described  further 
on,  and  as  they  occur  more  than  100  feet  higher  than  the  sea  level,  it 
is  evident  that  the  artesian  basin  is  not  tapped. 

So  anomalous  a  condition  of  course  requires  an  explanation.  Two 
hypotheses  may  be  advanced  to  account  for  the  absence  of  leakage 
at  the  river  level.  The  cover  of  fine  alluvium  may  be  so  imper- 
vious as  effectuall}''  to  seal  the  exposed  edges  of  the  waticr-carrying 
beds.  It  has  been  recognized  that  the  fine-grained  sediment  of  the 
flood  plains  of  a  river  sometimes  is  so  firmly  compacted  as  to  be  prac- 
tically impervious.  In  view  of  the  fact,  however,  that  surface  springs 
occur  along  some  of  the  creeks  in  this  vicinity,  it  seems  hardly  prob- 
able that  the  alluvium  of  Yakima  River  is  sufficiently  compact  to 
prevent  the  upward  passage  of  artesian  water  with  the  pressure  that 
it  is  known  to  possess  elsewhere  in  the  basin.  An  explanation  of  this 
sealing  up  of  the  lower  beds  of  the  Ellensburg  formation  is  more 
probably  to  be  found  in  the  structure  of  the  synclinal  fold.  The 
steep  dips  observed  along  the  sides  of  this  fold  in  the  vicinity  of 
Yakima  River  is  evidence  of  a  certain  degree  of  compression  of  the 
fold.  Especially  is  this  apparent  where  the  lower  strata  are  over- 
tamed.  Such  lateral  pressure  must  have  its  effect  upon  the  rocks, 
and  it  appears  quite  probable  that  the  sandstone,  which  in  other  parts 
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of  the  basin  is  open  textured  and  porous,  may  here  have  become  so 
oompacted  as  to  be  relatively  impervious.^  In  this  way  the  lower 
strata,  which  constitute  the  water  horizon  along  the  bottom  of  the 
trough,  are  so  changed  in  character  along  the  sides  as  to  cease  to  be 
water-bearing.  Were  it  not  for  this  feature  the  artesian  basin  would 
be  drained  at  about  1,000  feet  above  sea  level,  and  flowing  wells  would 
be  possible  at  no  point  within  the  Atanum-Moxee  Valley.  As  it  is, 
however,  more  than  a  score  of  wells  with  flowing  water  prove  the 
value  and  importance  of  this  artesian  basin.  These  wells  will  be 
described  in  a  later  section. 

The  structure  of  the  basin  in  the  immediate  vicinity  of  the  Moxee 
wells  can  best  be  illustrated  by  deformation  contours.  Fig.  7  (p.  48) 
shows,  by  means  of  contours  or  lines  of  equal  elevations,  the  eleva- 
tion above  sea  level  of  the  lowest  water-carrying  beds,  which  mark 
approximately  the  base  of  the  EUensburg  formation.  The  depths  at 
which  the  water  horizon  is  found  in  the  different  wells,  together  with 
observations  made  along  the  sides  of  the  valley,  constitute  the  basis 
for  this  map.  It  will  be  noticed  that  the  syncline  is  unsymmetiical, 
having  a  steep  side  on  the  south  and  a  gentle  slope  on  the  north. 

WENAS-SELAH  BASIN. 

This  transverse  valley,  as  already  noted,  has  somewhat  the  same 
general  topographic  and  structural  relations  as  the  Atanum-Moxee 
Valley.  The  points  of  difference,  however,  are  those  which  are  most 
important  with  reference  to  the  artesian  water  supply.  The  synclinal 
fold  of  this  valley  is  much  more  shallow  and  gentle  than  the  AtAnum- 
Moxee  trough.  Taking  the  upper  surface  of  the  Yakima  basalt  as  a 
datum  plane,  the  lowest  part  of  the  Wenas-Selah  syncline  is  not  much 
below  1,000  feet  above  sea  level,  whereas  in  the  Atanum-Moxee  fold 
the  basalt  surface  at  its  lowest  point  is  undoubtedly  considerably 
below  sea  level.  This  difference  is  significant,  since  it  means  that 
Yakima  River  not  only  cuts  across  the  sides  of  the  fold,  but  has  cut 
down  almost  to  the  base  of  the  EUensburg  sandstone  along  the  bottom 
of  the  trough.  Of  course  such  a  relation  involves  a  draining  of  the 
basin  by  the  river,  since,  as  in  all  of  these  transverse  folds,  the  lowest 
portion  of  the  syncline  appears  to  be  in  the  vicinity  of  Yakima  River. 

As  can  be  seen  on  the  geologic  map  (PL  II),  east  of  Yakima 
River  the  syncline  is  so  high,  with  reference  to  the  river,  that  the 
EUensburg  formation  is  largely  wanting,  and  the  valley  is  floored 
with  basalt.  West  of  the  river  the  EUensburg  sandstone  is  present 
in  great  thickness,  and  it  is  in  this  syncline  that  the  section  g^ven  on 
pages  17  to  21  was  measured.    In  the  valley  of  Wenas  Creek  the  geologic 

>  This  hypotheslB  is  supported  by  the  occarrence  of  sandstone  northwest  of  Nortli  YmMxcoM^ 
at  a  point  where  the  lower  beds  of  sandstone  are  overturned.  There  it  is  compact  enoo^fa  to  be 
quarried  for  building  stone.  Along  the  bottom  of  the  trough  these  same  beds  are  repreoented 
by  soft  sandstone  and  loose  sand  which  in  places  is  almost  a  quicksand. 
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relations  at  first  sight  seem  to  warrant  investigation.  The  sandstone 
series  extends  upward  on  the  ridge  to  the  north,  while  to  the  south 
the  same  formation  rises  in  high  cliffs.  The  basin  structure  is  present, 
with  the  elevated  outcrop  of  the  water-bearing  beds;  but  again  it  id 
to  be  noted  that  the  stream  occupying  this  synclinal  valley  has  cut 
down  to  very  near  the  base  of  the  EUensburg,  and  in  fact  reaches  it 
near  where  the  main  Wenas-North  Yakima  rOad  turns  southward 
and  crosses  the  creek  at  the  Cleman  ranch. 

In  1900  some  work  was  done  toward  sinking  a  well  on  the  Stauffer 
ranch,  in  Wenas  Valley  (sec.  34,  T.  16,  R.  18),  The  elevation  of  this 
well  is  approximately  1,500  feet,  and  it  was  sunk  about  400  feet  in 
Ellensbui^  sandstone.  Ground  water  in  good  amount  was  found  at  a 
depth  of  152  feet.  The  depth  to  which  the  sandstone  was  found  to 
extend  points  to  a  shallow  basin  existing  between  the  southern  slope 
of  the  anticlinal  ridge  north  of  Wenas  Valley  and  the  exposure  of 
basalt  along  the  creek  2^^  miles  southeast  of  the  well.  Any  water  in 
this  basin,  however,  would  find  a  surface  outlet  near  the  creek  level, 
so  that  no  artesian  supply  would  exist  to  be  tapped  by  a  well  having  an 
elevation  of  1,500  feet.  These  relations  are  therefore  unfavorable, 
and  the  statements  that  have  been  made  are  corroborated  by  the 
occurrence  of  large  springs  near  Wenas  Creek,  on  the  Cleman  ranch, 
at  just  the  point  where  the  lowest  beds  of  sandstone  must  reach  the 
alluvium-covered  valley  floor.  Mr.  Cleman  states  that  the  water  of 
these  springs  is  much  warmer  than  the  creek  water.  As  mentioned 
on  page  38,  surface  springs  occur  elsewhere  along  this  creek,  afford- 
ing further  evidence  that  the  water  of  the  sandstone  finds  a  natural 
outlet  throughout  the  length  of  this  valley  and  is  not  stored  in  an 
artesian  basin.  It  is  indeed  probable  that  if  the  water  could  be  shut 
off  in  the  upper  part  of  Wenas  Valley,  the  contributions  from  springs 
in  the  lower  valley  would  be  sufficient  to  maintain  a  small  stream  in 
the  lower  course  of  the  creek. 

There  is  a  possibility  that  water  may  be  stored  in  the  lowest  beds 
of  sandstone  which  underlie  the  latest  flow  of  Yakima  basalt.  These 
beds  are  exposed  on  the  ridge  north  of  Wenas  Creek.  As  this  sheet 
is  at  least  100  feet  thick  at  this  locality,  it  is  quite  doubtful  whether 
the  expense  of  penetrating  it  would  be  warranted  by  the  prospect  of 
finding  water  below,  especially  in  view  of  the  fact  that  the  bed  of  sand- 
stone beneath  the  basalt  is  often  only  a  few  feet  thick  and  would  not 
carry  any  considerable  amount  of  artesian  water.  Furthermore,  since 
the  lower  bed  is  cut  by  Yakima  River  on  the  north  side  of  Selah 
Ridge,  it  is  quite  possible  that  the  water  content  of  this  bed  is  also 
tapped  and  that  artesian  conditions  do  not  obtain. 

RYE  GRASS  FLAT. 

On  the  north  side  of  Selah  Valley  there  is  a  smaller  valley,  known 
locally  as  Rye  Grass  Flat.    As  can  be  seen  on  the  map,  PI.  II,  this  flat 
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is  separated  from  the  main  valley  by  a  low  ridge,  across  which,  how- 
ever, a  small  seasonal  stream  has  cut  a  narrow  channel.  As  is 
universally  true  in  this  region,  the  topographic  valley  occupies  a  struc- 
tural basin  which  is  well  defined.  Along  the  southern  and  southwest- 
em  slopes  of  this  basin  the  Ellensburg  sandstone  and  shale  plainly 
outcrop,  with  northern  and  northeastern  dips  of  about  20  degrees. 
Several  hundred  feet  of  the  Ellensburg  formation  are  thus  exposed, 
underlain  by  the  basalt  which  forms  the  inclosing  ridges.  On  the 
north  side  of  the  basin  the  sandstone  is  seen  dipping  to  the  south,  but 
at  a  much  lower  angle. 

In  the  summer  of  1900  a  well  was  driven  to  a  depth  of  270  feet  in 
sec.  15,  T.  14,  R.  20,  near  the  western  end  of  Rye  Grass  Flat.  At  54 
feet  surface  water  was  found  in  what  appeared  to  be  alluvium. 
Here  the  line  alluvium  or  soil  is  18  feet  deep,  with  bowlders  below. 
In  its  lower  portion  this  well  is  undoubtedly  in  the  Ellensburg  sand- 
stone, but  it  has  not  reached  the  lowest  beds.  The  basin  structure  is 
favorable  t;0  the  storage  of  artesian  water,  and  where  the  well  is 
located  the  drainage  outlet  of  the  valley  is  not  so  low  as  to  prevent 
the  water  rising  to  within  a  short  distance  of  the  surface.  The  stream^ 
however,  appears  to  receive  some  water  from  this  basin  in  even  the 
middle  of  summer,  and  it  is  therefore  quite  doubtful  whether  the  con- 
ditions are  favorable  for  a  flowing  well.  The  well  will  undoubtedly 
be  continued  to  a  greater  depth,  as  the  search  for  artesian  water  in 
Rye  Grass  Flat  is  well  worth  the  necessary  expenditure,  since  there  is 
considerable  land  of  excellent  quality  that  would  become  very  valu- 
able if  water  could  be  found. 

OOWICHE  VALLEY. 

The  valley  of  Cowiche  Creek  contains  several  thousand  acres  of 
land  that  only  requires  water  to  make  it  valuable.  Barley  and  wheat 
are  raised  there  without  water,  but  only  with  a  moderate  deg^ree  of 
success.  On  several  ranches  along  the  south  fork  of  the  creek  irriga- 
tion is  practicable  and  excellent  crops  of  alfalfa  are  raised.  On  the 
north  fork  of  the  creek  attempts  have  been  made  at  a  few  points  to 
store  the  waters  that  flow  so  abundantly  in  the  spring  months,  and 
surface  wells  have  also  been  dug  and  windmills  erected. 

Study  of  the  geologic  relations  of  this  topographic  basin  shows  that 
it  is  not  in  any  sense  an  artesian  basin.  As  can  be  seen,  it  is  in  reality 
only  a  portion  of  the  large  synclinal  valley  that  lies  north  of  Cowiche 
Mountain  and  Selah  Ridge.  The  valley  is  inclosed  on  the  northeast 
by  the  andesite  plateau,  but  this  is  merely  a  surface  flow  superimposed 
upon  the  eroded  surface  of  the  Ellensburg  sandstone,  and  therefore 
offers  no  obstruction  to  the  flow  of  underground  water  within  the 
sandstone  beds.  The  conditions  are  therefore  unfavorable  for  finding 
artesian  water.  However,  the  supply  of  ground  water  on  the  lower 
levels  of  the  valley  may  be  further  drawn  upon,  while  the  strength  of 
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the  prevailing  winds  of  summer  appears  to  be  very  favorable  for  wind- 
mill irrigation. 

OTHBR  ARBAS  IN  CENTRAL  WASHINGTON. 

At  several  other  localities  in  central  Washington  attempts  have 
been  made  to  find  artesian  water.  So  far  as  the  areas  come  within 
the  region  the  geology  of  which  has  been  described  in  this  paper,  the 
foregoing  discussion  may  be  helpful  in  suggesting  the  probability  of 
finding  water,  and  the  few  general  statements  which  follow  may  aid 
in  deciding  whether  or  not  to  prospect  for  it. 

The  Ellensburg  sandstone  is  the  water-carrying  formation,  and 
generally  the  best  water  horizon  is  found  near  its  base.  The  trans- 
verse synclinal  valleys  along  Yakima  River  would  possess  a  structure 
favorable  to  the  collection  and  storage  of  underground  waters  were  it 
not  that  the  river  has  cut  across  their  lowest  parts,  so  that  only  under 
exceptional  circumstances  are  they  artesian  basins.  The  great  thick- 
ness of  the  Yakima  basalt  makes  it  inadvisable  to  prospect  for  arte- 
sian water  in  that  formation.  While  it  is  often  in  the  basalt  areas 
that  there  is  the  greatest  need  of  water,  the  chance  of  finding  artesian 
water  in  it  is  far  too  si^all  to  warrant  the  great  expenditure  that 
would  be  necessary.  The  springs  found  along  the  fianks  of  the  basalt 
ridge  are  almost  without  exception  cold-water  springs,  and  therefore 
do  not  point  to  any  deep-seated  supply. 

The  only  other  area  that  deserves  special  mention  is  Kittitas  Val- 
ley. This  broad  valley  has  the  basin  structure,  and  from  its  great 
extent  it  appears  well  suited  to  the  accumulation  of  underground 
waters.  The  water-bearing  beds  extend  up  on  the  slopes  of  the 
inclosing  ridges,  and  must  receive  contributions  from  the  precipita- 
tion over  a  large  area.  In  the  central  part  of  the  valley  the  water  hori- 
zon lies  at  a  depth  of  several  hundred  feet.  As  reported  by  Professor 
Russell,^  the  Sanders  well,  an  experimental  well  about  2  miles  north- 
west of  Ellensburg,  reached  basalt  at  about  700  feet.  When  abandoned 
it  had  water  at  40  feet  below  the  surface.  The  evidence  which  it 
afforded  was  unfavorable,  yet  it  is  quite  possible  that  this  well,  like 
many  others,  was  drilled  by  an  inefficient  well  man,  and  that  the 
record  is  untrustworthy.  The  loss  of  tools  is  sometimes  the  occasion 
for  falsifying  the  log,  in  order  that  the  well  may  be  abandoned  with- 
out loss  to  the  operator. 

At  the  Clerf  Spring,  at  the  east  end  of  the  valley,  water  with  consid- 
erable pressure  is  found  fiowing  upward  through  the  basalt.  In  the 
summer  of  1900  the  drilling  of  a  well  was  commenced  in  the  immediate 
vicinity  of  this  artesian  spring,  about  10  feet  higher,  and  it  seems 
probable  that  not  far  from  the  surface  water  will  be  found  which  can 
be  used  to  augment  the  stream  already  issuing  from  the  spring.  The 
spring  has  also  been  enlarged,  its  flow  being  increased  fourfold. 

^Bnll.  U.  S.  Geol.  Survey  No.  106,  p.  09. 
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The  water  in  seen  to  issue  from  crevices  in  the  sandstone  and  the 
honeycombed  basalt  beneath.  It  has  a  temperature  of  6S°^  and  may 
be  derived  from  interstratified  sandstone  beneath  an  upper  sheet  of 
basalt.  If  any  considerable  flow  of  water  is  developed  at  this  locality 
it  can  all  be  used  to  good  advantage  in  the  eastern  part  of  Kittitas 
Valley. 

The  gap  where  Yakima  River  cuts  through  the  rim  of  the  Kittitas 
Basin,  5  miles  below  EUensburg,  is  of  course  the  critical  point  in  the 
structure  of  the  basin.  The  exposures  of  the  EUensburg  sandstone 
at  this  locality  are  poor,  but  they  are  sufficient  to  show  that  the  lower 
beds  are  sharply  upturned.  Immediately  south  of  the  edge  of  the 
valley  a  transverse  fault  gives  further  evidence  of  marked  dynamic 
action  on  this  side  of  the  basin.  Whether  this  is  sufficient  to  prevent 
tapping  the  artesian  basin,  as  appears  to  be  the  case  at  Union  Gap, 
south  of  the  Atanum-Moxee  Basin,  can  not  definitely  be  stated.  The 
possibility  of  a  true  artesian  basin  being  found  to  exist  here  appears, 
however,  sufficient  to  encourage  the  drilling  of  another  experimental 
well  in  Kittitas  Valley.  This  should  not  be  done  by  a  tyro,  but  by 
the  most  experienced  and  reliable  well  man  available. 

Larger  irrigation  canals  taking  water  f  romiipper  Yakima  River  may 
possibly  be  built  in  the  future,  which  would  obviate  the  necessity  for 
artesian  water  in  this  valley,  in  which  event  it  would  not  be  econom- 
ical to  expend  any  money  in  searching  for  an  artesian  supply. 

ARTESIAN  WELLS   OF  ATANUM-MOXEE   BASIN. 

GENERAL  FEATURES. 

Within  ten  years  more  than  thirty  artesian  wells  have  been  put 
down  in  Moxee  Valley.  As  can  be  seen  from  the  accompanying  map, 
fig.  7,  the  principal  wells  are  within  an  area  of  about  6  square  miles. 
They  are  from  about  600  to  more  than  1,000  feet  in  depth,  and  have 
flows  varying  from  0.05  to  2  second-feet.  The  water  is  warm,  ranging 
from  67°  to  76°  F.  Sulphureted  hydrogen  can  usually  be  detected  in 
it,  but  not  in  any  great  quantity,  and  being  clear  and  apparently  free 
from  other  impurities,  it  is  used  for  domestic  purposes  as  well  as  for 
irrigation.  Owing  to  the  temperature  of  the  artesian  water,  in  winter 
the  cattle  prefer  it  to  stream  water. 

The  wells  show  varying  degrees  of  skill  on  the  part  of  the  well 
borers.  In  general  they  have  been  cased  only  as  demanded  in  the 
progress  of  sinking  them,  and  often  the  casing  has  been  drawn  in 
order  to  save  it.  Such  economy  is  likely  to  be  followed  by  a  loss  of 
flow  through  leakage  or  caving.  Many  of  the  wells  have  not  been 
located  so  as  best  to  serve  the  purposes  of  irrigation.  It  is  worth 
noting,  however,  that  the  tendency  in  this  region  is  toward  greater 
care  in  the  sinking  of  artesian  wells,  and  the  latest  wells  are  much 
sux)erior  to  those  put  down  earlier. 
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The  logs  of  the  wells,  when  preserved,  have  little  value  as  records 
of  the  beds  i>enetrated  by  the  bit.  The  fineness  of  the  material 
brought  to  the  surface  prevents  very  accurate  determination,  and 
often  the  designation  of  the  beds  as  shale,  sandstone,  or  basalt  is 
purely  a  guess  based  upon  the  rate  of  progress  made  by  the  drill. 
The  attempt  to  use  these  records  to  construct  a  general  section  of  the 
Kllensburg  formation  under  Moxee  Valley  has  proved  fruitless,  and 
on  that  account  the  logs  are  omitted  from  this  report.  In  many  logs 
basalt  is  reported  at  several  horizons,  whereas  along  the  slopes  of  the 
ridges  bordering  the  valley  only  one  sheet  of  basalt  is  known  to  be 
interbedded  with  the  sandstone.  It  is  very  probable  that  some  of  the 
conglomerates  of  the  Ellensburg  formation,  containing,  as  they  do, 
large  bowlders  of  hard  andesite,  as  well  as  some  of  basalt  itself,  have 
been  mistaken  for  basalt. 

The  logs  which  record  the  depth  at  which  the  different  fiows  of 
water  are  tapped  are  more  valuable.  While  data  on  this  subject  can 
not  be  obtained  for  every  well  in  the  valley,  the  information  avail- 
able m  sufficient  to  show  that  it  is  possible  to  correlate  the  different 
flows  tapped  by  wells  some  distance  apart.  The  water  horizons  thus 
indicated  appear  to  afford  trustworthy  data  for  the  determination  of 
the  form  of  the  basin. 

The  table  on  page  49  shows  the  relative  position  of  the  vanous 
flows  in  some  of  the  wells.  From  this  table  it  will  be  seen  that  the 
first  principal  flow  and  the  lowest  flow  are  separated  by  intervals  of 
from  148  to  235  feet,  and  these  principal  flows  can  be  recognized 
throughout  the  field.  Smaller  flows  occur  between  these  two,  but 
they  do  not  seem  to  be  so  persistent.  In  certain  of  the  wells  small 
flows  also  were  encountered  above  the  first  principal  flow,  even  within 
180  and  200  feet  of  the  surface. 

The  plat  (fig.  7)  showing  deformation  contours  is  based  in  large 
part  upon  these  well  records,  and  shows  in  a  graphic  manner  the  con- 
flguration  of  the  fioor  of  the  artesian  basin.  The  local  ridge  along 
the  center  of  this  basin,  in  sections  8  and  9,  has  been  noticed  by  well 
men,  since  there  the  water  horizons  are  found  nearer  the  surface. 
Reference  to  this  map  will  show  that  there  is  a  westward  dip  of  the 
water  horizon,  amounting  to  about  300  feet  in  the  mile  along  the  line 
"between  sections  5  and  8.  The  deformation  also  shows  how  the  Clark 
w^ell  in  section  31,  and  the  Sauve  well  in  section  8,  reach  the  water 
horizon  at  almost  exactly  the  same  level.  A  glance  at  the  map  will 
show  why  the  well  in  section  12,  near  the  west  line  of  section  7  of 
the  next  township  east,  as  stated  further  on,  did  not  find  water  at 
A  depth  of  700  feet.  The  lower  water  horizon  is  probably  several 
liundred  feet  below  sea  level,  so  that  even  the  upper  fiow  could  not 
Jye  exx)ected  at  a  depth  less  than  1,000  feet,  and  it  seems  quite  pos- 
sible that  this  well  might  be  deepened  500  feet  before  water  is 
obtained.     It  should  be  stated  that  this  map,  showing  the  position  of 
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the  water  horizon  or  lower  flow,  is  based  upon  so  scanty  data  that 
it  must  not  be  considered  as  showing  the  exact  elevation  of  the  floor 
of  the  basin,  but  only  its  approximate  position  and  general  form. 

DEBCBIPTIONS  OF  WELLS. 

The  table  on  the  next  page  is  a  list  of  the  principal  wells,  with  the 
more  important  data  concerning  them.  Fig.  7  will  assist  in  locating 
the  wells.  Several  of  the  earlier  ones  have  been  omitted  from  the  map 
and  from  the  list,  since  they  have  ceased  to  flow  or  are  so  nearly 
dry  as  to  be  of  little  value.  The  wells  which  are  dry  are  outside  of 
the  area  of  flowing  wells  in  sec.  32,  T.  13,  and  in  sees.  3,  4,  and  10, 


Fio.  7.— Plat  showing  form  of  Moxee  Basin  and  location  of  artesian  wella 

T.  12.  With  one  exception  the  elevations  of  the  wells  are  approxi- 
mate, being  based  on  aneroid  measurements  referred  to  the  UniM 
States  Geological  Survey  bench  mark  at  North  Yakima,  which  is 
1,067  feet  above  sea  level.  The  elevation  of  the  Wilson  well  in  Wide 
Hollow  was  accurately  determined  by  a  level  line  run  by  Mr.  Sydney 
Arnold,  connecting  with  the  United  States  Greological  Survey  bench 
mark  1066,  4  miles  east  of  Atanum.  The  location  of  this  well  is  out- 
side of  the  Moxee  area,  but  it  can  be  seen  by  reference  to  the  general 
map,  PI.  II.  The  measurements  of  flow  were  made  in  April,  Wl 
by  Mr.  Sydney  Arnold,  a  weir  being  used  except  where  otherwise 
stated.  The  numbers  of  the  wells  given  in  the  table  correspond  with 
the  numbers  on  the  map. 
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List  of  wells  in  Atanum-Moxee  Bcuin, 


Location. 


No.      Naune  of  well. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 


Clark  No.  I 

Clark  Na  2 

Clark  No.  3 

Long«Tin  No.  1 . . . 

Haines 

Bradford 

Dickson 

Gano 

Sanve  

Ellens  No.  1 

Holland  No.  1  .... 

Regimbal  

Buwalda 

Ellens  No.2 

Bawalda  and 

Haines 

Holland  No.  2... 
Clark  No.  4 


18  '  Allwardt 


19  Deeringhoif 

20  Rein 

21  ,  Hill 

22  LongevinNo.2. 

23  '  Peck 

24  Wilson 


Sec. 


T. 


6  12  an 
81  18  20 
31     13    20 

8     12     20 

8  ,  12  ,  20 

9  '  12  20 
8  12  20 
8     12  I  20 

20 
20 
20 
20 
20 
20 

20 
20 
20 

20 

20 
20 
20 
20 
20 
18 


8 

12 

7 

12 

5 

12 

5 

12 

32 

13 

8 

12 

5 

12 

5 

12 

31 

13 

9 

12 

i 

12 

10 

12 

4 

12 

8 

12 

6 

12 

29 

13 

Approx- 
imate 

eleva- 
tion. 


Feet 
1,110 
1,130 
1,120 
1,070 
1.145 
1,156 
1,005 
1,075 
1,155 
1,065 
1.100 
1,105 
1.160 
1,100 

1,140 
1,115 
1,140 

1,185 

1.165 
1,195 
.1,170 
1.060 
1.106 
1.165 


Depth  to  principal  flows. 


653 
676 

686 
686 
980 

809 

626 
631 
225 

836 

818 

1,267 


b.566 
.35 

.197 

.64 


Feet. 
700 
800 

Feet. 

Feet. 

Feei. 

(?) 
1.000 

637 

TUB 
886 
515 

760 

790 
623 

902 

649 
882 
835 

....... 

86i 

(?) 

him 

588 
525 
424 
424 

476 
520 
660 


390 
+680 
206 
680 
6S0 
800 


I 


688 
640 
506 
504 

576 
680 
770 
615 
cto 
718 


I 


!!! 

1,000 


736 
686 
660 
657 

686 
686 
820 

762 

625 


600 


820 

818 

1.060 


Tem- 
per- 
ature 

of 
water. 


Deg.F. 
73.2 
76.2 
75.6 
72.2 
72.2 
73.2 
70.7 
76.0 
75.2 
73.3 
76.0 
73.2 
67.2 


09.2 
74.7 
73.2 

72.2 

73.2 
66.8 


72.7 


80.0 


a  Well  closed  April,  1901. 

b  Approximate  measurement  with  current  meter. 


cSix  flows. 
d  Estimated. 


Most  of  these  wells  deserve  further  description,  and  for  this  pur- 
po8e  they  have  been  grouped  according  to  loclity,  and  will  be  dis- 
cussed in  the  order  of  the  section  in  which  they  are  situated, 
beginning  with  sec.  4,  T.  12  N.,  R.  20  E. 

WKLLS  IN  SBC.  4,  T.   12,   R.  20. 

The  Deeringhoff  well,  No.  19  of  list,  is  the  more  important  well  in 
this  section.  It  was  completed  in  April,  1900.  At  that  time  the  water 
rose  36  feet  in  an  open  pipe,  and  the  flow  reported  was  56  cubic  inches, 
but  it  is  thought  to  have  since  diminished  somewhat.  The  well  is 
cased  from  200  feet  below  the  surface  to  536  feet,  thus  cutting  off  the 
first  flow.     The  casing  ranges  from  5f  inches  to  3  inches. 

The  other  well  in  this  section  is  No.  21,  the  Hill  well.  This  well  was 
d.rilled  by  Mr.  Stone,  the  former  owner  of  the  land,  but  was  not  com- 
pleted, owing  to  the  loss  of  the  drill.  At  206  feet  a  small  flow  was 
tapped,  which  is  used. 

WBL.L8  IN  SBC.  5,  T.  12,  R.  20. 

This  section  contains  four  of  the  more  important  wells  of  the  valley. 

Well  No.  12  is  on  the  ranch  of  F.  Regimbal,  being  located  near  the 
northeast  corner  of  the  southwest  quaii^er  of  the  southeast  quarter. 
It  was  put  down  by  Messrs.  Buwalda  and  Haines,  in  1898,  and  taps 
t>hree  flows.     There  is  a  casing  through  260  feet  of  sand,  but  this  is 
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above  the  first  flow,  so  that  none  of  the  flows  which  are  in  sand  and 
sandstone  ai*e  cased. 

Well  No.  11  is  in  the  northwest  comer  of  the  same  40-acre  lot,  and 
was  drilled  the  same  year  by  Buwalda  and  Haines.  This  well  is  cased 
for  344  feet  in  its  upper  portion,  but  in  the  summer  of  1900  there  was 
considerable  leakage  around  the  casing,  a  trouble  that  it  will  be  diffi- 
cult to  remed}'.  The  three  flows  are  not  cased.  The  well  belongs  to 
the  Holland  Company. 

Well  No.  IG  is  near  the  northeast  corner  of  the  northwest  quarter  of 
the  southwest  quarter  of  the  section.  This  well  was  completed  in 
1899.  Shale  in  the  upper  portion  of  the  well  caved,  so  that  4i-iiioh 
casing  was  put  down  as  far  as  490  feet.  The  thi-ee  flows  are  not 
cased. 

Well  No.  15  is  on  the  fractional  northwest  40  acres  of  this  section- 
It  was  completed  in  June,  1899,  by  Buwalda  and  Haines,  and  is  owned 
by  a  company.  The  stock  is  divided  into  6  shares,  each  share  sup- 
posed to  represent  water  for  20  acres.  The  three  flows  are  tappi^i  by 
this  well  and  are  not  cased. 

A  new  well,  indicated  by  the  cross  on  the  map,  is  being  drilled  east 
of  the  Regimbal  well.  In  March,  1901,  it  was  reported  to  be  down 
347  feet. 

WRLr.8  IS  HKC.  6,  T.  12,  K.  SO. 

The  two  wells  in  this  section  are  very  important,  one  being  almost 
the  oldest  well  in  the  district,  and  the  other  l)eing  the  last  one  com- 
pleted. 

The  Clark  well  No.  1,  as  it  is  termed,  is  not  far  fi-om  the  nortiieast 
corner  of  the  section.  PL  VI  shows  the  appearance  of  this  well  when 
completed,  in  1893,  as  photographed  by  E.  E.  James,  of  North  Yakima. 
Unfortunately,  exact  measurements  of  the  flow  and  pressure  at  the 
time  of  its  completion  are  lacking.  In  1897  Mr.  Clark  reported  its 
discharge  to  be  120  miners'  inches.  The  testimony  of  those  who  have 
known  the  well  for  several  years  is  to  the  effect  that  there  has  iMvn 
considerable  decrease  in  pressure  and  flow.  In  April,  1899,  Mr.  Sid- 
ney Arnold  found  the  discharge  to  be  1.435  second-feet.  This  WfU 
taps  the  three  principal  flows,  and  is  6  inches  in  diameter  at  the 
mouth.     The  smallest  casing  is  4^  inches.     The  well  cost  #2,000. 

The  Peck  well,  No.  23,  is  about  200  yards  west  of  Clark  well  N«>.  1, 
in  the  next  quarter.  This  was  not  completed  at  the  time  of  the  field 
work,  but  Mr.  Haines,  who  drilled  it,  reported  it  finished  early  in  th^ 
present  year  (1901).  It  taps  the  same  flows  as  the  Clark  weU,  but  at 
slightly  greater  depths.  This  shows  the  western  dip  of  the  wat**: 
horizons,  and  accords  with  the  basin  structure  shown  in  the  other 
sections. 

WBL.I.  IN  BBC.  7,  T.  12,  H.  90. 

Well  No.  10,  the  only  well  4n  this  section,  is  close  to  the  eH»t  liiit^ 
of  the  section."    It  was  i)ut  down  in  1899,  by  Mr.  Ellens,  the  former 
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superintendent  of  the  Holland  Company.  It  is  cased,  but  has  only  a 
small  flow.  The  pressure  is  sufficient  to  raise  the  water  in  a  2-inch 
pipe  high  enough  to  carry  it  into  the  house  on  the  Holland  ranch. 

WBLIiB  IN  SVC.  8,  T.  12,  R.  20. 

This  is  the  section  with  the  greatest  number  of  wells,  having  seven 
already  down  and  one  being  drilled  in  February,  1901. 

Well  No.  4,  on  Mr.  Longevin's  ranch,  is  the  oldest  well  in  the  sec- 
tion. It  was  drilled  in  1893,  and  is  comparatively  shallow,  tapping 
the  first  flow  only.  It  is  a  small  well,  being  only  3  inches  in  diameter. 
Well  No.  22,  farther  east  on  the  same  ranch,  is  deeper  and  pene- 
trates to  the  third  flow.  This  well  is  cased  down  to  a  depth  of  730 
feet,  the  first  and  second  flows  being  shut  off.  It  was  drilled  in  1900 
by  Mr.  C.  H.  Haines. 

Well  No.  5  is  near  the  east  line  of  the  section,  on  the  ranch  of  Mr. 
Haines.  It  was  completed  to  a  depth  of  702  feet  in  1896,  but  was 
deei)ened  later,  and  now  taps  four  flows.  It  is  cased,  with  easing 
from  6  to  4  inches  in  diameter,  as  far  as  890  feet.  The  casing  is  split 
at  the  first,  second,  and  third  flows,  all  of  which  are  in  the  4-inch 
casing. 

Well  No.  9  is  in  the  southeast  quarter  of  the  southeast  quarter,  on 
the  ranch  of  J.  Sauve.  It  was  driven  to  a  depth  of  835  feet  in  1897, 
by  Mr.  H.  J.  Spratt,  but  was  deepened  in  1899  and  1900,  by  Mr.  Haines, 
to  1,020  feet,  with  the  effect  of  approximately  doubling  the  flow.  The 
casing  at  the  bottom  is  only  2  inches  in  diameter. 

Ellens  well  No.  2,  No.  14  of  the  list,  is  in  the  southeast  quarter  of 
the  northeast  quarter  of  this  section.  It  taps  three  small  flows,  and 
is  not  cased  below  225  feet. 

The  N.  J.  Dickson  well,  No.  7,  is  in  the  northeast  quarter  of  the 
northeast  quarter,  and  was  put  down  in  1897.  It  is  the  shallowest 
well  of  the  district,  and  taps  the  first  fiow  only,  but  it  has  a  good 
volume,  which  is  said  by  the  owner  to  have  increased  since  the  other 
wells  in  the  vicinity  have  been  deei)ened  to  tap  the  lower  flows.  This 
well  cost  about  1500. 

Well  No.  8  is  nearly  a  half  mile  west  of  the  Dickson  well,  on  the  ranch 
of  James  W.  Gano.  It  was  drilled  in  1897  to  a  depth  of  649  feet, 
where  it  tapped  the  first  flow.  The  pressure  was  sufficient  to  raise  the 
water  30  feet  in  an  open  pipe.  PI.  VII  is  from  a  photograph  of  the  well 
taken  at  that  time.  In  1900  this  well  was  deepened  to  851  feet,  so 
that  now  it  is  supplied  with  water  from  both  of  the  principal  flows. 

The  new  well  in  this  section  is  in  the  northwest  quarter  of  the  south- 
west quarter.     In  March,  1901,  it  was  reported  to  be  down  640  feet. 

WBL.L8  IN  BBC.  9,  T.   12,  R.  20. 

The  Bradford  well.  No.  6,  is  close  to  the  north  line  of  the  section 
and  only  a  few  yards  distant  from  well  No.  19,  in  section  4.     It  was 
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drilled  in  1897  to  a  depth  of  386  feet,  and  in  1900  was  deepened  to  623 
feet.  The  casing  is  6,  4^,  and  3^  inches  in  diameter.  This  is  one  of 
the  few  wells  in  the  district  provided  with  a  valve  by  which  the  water 
can  be  shut  off  when  not  needed  for  irrigation. 

Well  No.  18  is  on  the  Allwardt  ranch,  in  the  southwest  quarter  of 
the  section.  This  well  was  drilled  by  Mr.  Deeringhoff  in  1899.  Cas- 
ing from  6f  to  4  inches  in  diameter  extends  to  a  depth  of  790  feet, 
shutting  off  six  small  upper  flows.  The  well  appears  to  be  in  good 
condition.  The  flow  is  strong,  and  the  well  is  so  situated  as  to  enable 
the  water  to  be  used  to  advantage. 

WBLLS  IN  SBC.  10,  T.  12;  R.  20. 

Well  No.  20  is  near  the  southwest  comer  of  this  section.  It  was 
drilled  by  Mr.  R.  Rein,  but  is  incomplete,  although  it  has  a  small  flow. 
The  water  from  this  well  is  the  coolest  artesian  water  in  Moxee  Val- 
ley, having  a  temperature  of  66.3°  F. 

The  three  Steinway  wells  are  in  the  southeastern  part  of  this  sec- 
tion. They  were  drilled  in  1894  and  1895,  but  now  are  practically  dry. 
One,  however,  flows  a  little.  One  of  these  wells  was  cased  down  to 
within  30  feet  of  the  third  flow. 

WBIjIjS  in  SBC.  31,  T.  13,  R.  20. 

The  three  wells  in  this  section  are  the  property  of  Mr.  W.  T.  Clark. 
Nos.  2  and  3  were  put  down  in  1892  and  No.  17  was  drilled  in  1899. 
No.  2  is  the  smaller  of  the  two  wells  near  Mr.  Clark's  house,  being 
4-3^  inches  in  diameter,  with  a  dischai^e  probably  less  than  half  that 
of  No.  3,  which  is  5  inches  in  diameter  at  the  top.  Wells  No8.  2  and 
3  have  practically  the  same  elevation  and  are  so  close  together  as  U) 
have  the  same  log.  Mr.  Clark  reported  the  pressure  from  them  in 
1897,  as  determined  by  a  gage  test,  to  be  50  pounds.  The  cost  of  these 
two  wells  was  more  than  12,500.  They  are  the  oldest  wells  that  are 
flowing  to-day.  Well  No.  17  is  a  short  distance  to  the  northeat«t  of 
the  other  wells,  near  the  center  of  the  section.  It  is  not  so  deep,  and 
its  water  is  3  degrees  cooler.  These  three  wells  are  only  jx^rtially 
cased,  which  is  believed  to  account  for  a  decrease  in  discharge  since 
they  were  put  down. 

WBLI£  IX  BBC.  as,  T.  13,  R.  20. 

Well  No.  13  is  in  the  northwest  quarter  of  the  southeast  quarter, 
on  the  ranch  owned  by  I.  Desmarais.  It  was  drilled  by  Mr.  Buwalda, 
being  completed  in  March,  1899,  when  the  discharge  measured  0.:^ 
second-foot.  It  is  cased  to  a  depth  of  428  feet,  cutting  off  the  first 
flow.  The  pressure  at  this  well  was  low  from  the  time  of  its  comple- 
tion, and  in  June,  1900,  it  ceased  to  overflow.  The  water  stands  ^ 
feet  below  the  surface,  and  is  conducted  above  ground  by  a  short 
trench.  A  pump  is  used  a  portion  of  the  time  to  irrigate  higher  part^ 
of  the  ranch. 

A  well  was  drilled  in  this  section,  by  Mr.  W.  T.  Meigs,  to  a  depth  of 
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62vt  feet,  and  a  small  flow  of  water  was  found,  but  the  well  is  now 
dry. 


The  Yakima  Land  Company  were  the  pioneers  in  putting  down 
wells  in  Moxee  Valley,  well  No.  1,  section  3,  being  drilled  In  1891. 
Three  other  wells  were  drilled  by  this  company,  in  sections  3,  4,  and 
14,  but  not  one  of  them  is  flowing  at  the  present  time. 

In  section  IS,  of  the  next  township  west,  a  well  was  drilled  to  a 
depth  of  707  feet,  and  when  the  work  was  abandoned  water  stood  at 
70  feet  from  the  surface. 

Well  No.  24  is  near  the  southwest  corner  of  the  southeast  quarter 
of  sec.  29,  T.  13,  E.  18, 
on  the  ranch  of  Geoi^ 
Wilson.  It  was  com- 
pleted in  August,  1899. 
and  cost  t2,500.  The 
expense  of  this  pioneer 
well  in  Wide  Hollow 
was  met  by  a  small 
company  of  ranch  own- 
ers, the  agreement  being 
that  in  the  event  of  the 
well  proving  successful 
all  of  the  shares  should 
be  bought  by  Mr.  Wil- 
son. Thus  the  owner  of 
the  well  was  not  obliged 
to  assume  the  entire  ex- 
pense of  what  might  have 
been  a  fruitless  prospect 
for  artesian  water,  while, 
on  the  other  hand,  the  „     „    „„  „  „„  „  „ 

'  Pia.  S.—Wtlaon  irell,  wide  Hollow. 

property    owners,     who 

shared  the  risk,  now  possess,  at  no  expense  to  themselves,  the  impor- 
tant information  of  the  presence  of  artesian  water.  The  well  is  very 
successful,  is  of  fairly  good  size,  and  is  well  cased,  the  diameter  of  the 
casing  being  from  5§  inches  to  3^  inches.  When  completed  it  had  a 
pressure  sufficient  to  force  a  strong  stream  through  the  drill  rods  to 
a  height  of  42  feet  above  the  surface,  equivalent  to  1,207  feet  above 
sea  level.  The  drilling  was  extended  until  basalt  was  struck,  about 
200  feet  below  the  lowest  flow  and  about  100  feet  below  sea  level.  The 
well  has  shown  no  variation  in  volnroe. 

ARBA    WATERED. 

In  the  season  of  1897  well  No.  1  furnished  water  for  the  irrigation 
of  250  acres,  and  in  1900  it  supplied  eight  small  ranches  with  water, 
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the  total  ares  irrigated  being  297  acres.  This  is  plainly  more  than 
can  satisfactorily  be  watered  by  this  well,  and  the  completion  of  well 
No.  23  will  render  nnnecessary  the  use  of  water  from  the  Clark  well 
to  serve  the  Peck  ranch. 

Wells  Nos.  2  and  3  are  reported  to  have  irrigated  120  acres  in  1897. 
In  the  summer  of  1900  the  flow  from  No.  2  was  used  on  a  market  gar- 
den of  20  acres,  while  Nos.  3  and  17  were  used  to  irrigate  90  acres  of 
orchard,  alfalfa,  and  other  crops.  Ninety  acres  of  winter  wheat  were 
also  irrigated  on  this  ranch. 

Wells  Nos.  4  and  22,  on  Mr.  Longevin's  ranch,  water  80  acres. 

Well  No.  5  is  used  for  the  irrigation  of  85  acres  on  the  ranch  of  Mr. 
O.  H.  Haines. 

Well  No.  6  supplies  water  for  40  acres,  which  is  also  the  amount 
irrigated  by  well  No.  7,  but  it  is  probable  that  in  the  future  more  land 
will  be  watered  by  the  latter  well. 

The  Gano  well,  No.  8,  waters  about  60  acres. 

On  the  Sauve  ranch  35  acres  are  watered  by  well  No.  9,  and  it  is  the 
intention  to  increase  this  to  40  aci-es. 

Well  No.  10  is  used  simply  to  supply  the  Holland  ranch  with  water 
for  domestic  purposes.  The  other  wells  belonging  to  this  company 
(Nos.  11  and  16)  furnish  water  for  115  acres  of  alfalfa  on  the  same 
ranch,  and  after  the  soil  is  once  thoroughly  wet  the  supply  probably 
will  be  sufficient  for  200  acres. 

Well  No.  12  waters  120  acres  on  Mr.  Regimbal's  ranch. 

The  Buwalda  well  (No.  13)  can  supply  water  for  50  acres  if  a  pump 
is  used,  and  with  the  natural  flow  through  the  trench  25  acres  can  be 
reached  on  the  Desmarais  ranch. 

In  1900  water  from  well  No.  15  was  used  to  irrigate  100  acres,  which 
was  considered  by  some  of  the  shareholders  to  be  too  great  an  acreage 
for  the  well.  Later,  when  less  new  land  is  under  irrigation,  the  sup- 
ply may  be  found  sufficient  for  100  acres,  if  not  more. 

Well  No.  18  is  believed  by  Mr.  AUwardt  to  have  a  discharge  suflfi- 
cient  for  the  irrigation  of  100  acres. 

The  Deeringhoff  well  (No.  19)  watered  42  acres  the  first  year,  and 
is  expected  to  supply  60  acres  later.  The  other  well  on  the  same 
section  (No.  21)  has  only  a  small  flow,  which  is  used  on  about  3  acres. 

Well  No.  23,  just  completed,  is  rei)orted  to  have  a  flow  equal  lo 
that  of  No.  1,  and  it  will  therefore  be  an  important  addition^  In  190() 
Mr.  Peck  had  114  acres  under  irrigation  from  well  No.  1,  which  will 
probably  now  be  supplied  from  his  own  well.  The  shade  trees  planted 
on  this  ranch,  as  well  as  a  proposed  pond  near  the  house,  promise  to 
make  the  place  very  attractive.  Where  attention  has  been  given  to 
the  use  of  artesian  water  around  the  residences  as  well  as  in  the  fields 
and  orchards,  the  returns  have  been  very  gratifying,  and  the  contrast 
between  such  ranches  and  the  surrounding  sagebrush  areas  is  great. 

It  is  estimated  that  the  score  or  more  of  wells  now  flowing  in  Moxae 
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Valley  have  an  aggregate  discharge  sufficient  to  irrigate  about  1,600 
acres.  Doubtless  less  wasteful  methods  of  irrigation  would  enable  a 
still  greater  acreage  to  be  cultivated  in  this  arid  valley  without  any 
increase  in  the  flow  of  the  wells. 

Well  No.  24,  on  the  Wilson  ranch,  in  Wide  Hollow,  has  a  discharge 
sufficient  for  the  irrigation  of  50  acres.  The  water  is  used,  with  that 
from  a  ditch,  to  irrigate  80  acres,  but  the  well  is  reported  to  have  done 
most  of  the  work  after  July  1,  the  flow  in  the  ditch  being  very  small. 

SOURCE  OF  THE  ARTESIAN  WATER. 

The  discussion  of  the  source  of  the  artesian  water  becomes  of  inter- 
est, since  it  may  throw  light  upon  the  permanence  of  the  supply. 
The  underground  waters  of  an  arid  region,  like  the  surface  waters, 
are  not  indigenous,  but  come  from  a  distance.  Commonly  their  source 
is  found  along  the  edges  of  the  artesian  basin,  which  may  be  hundreds 
of  miles  distant.  There,  the  outcrop  of  the  water-carrying  beds  forms 
a  catchment  area  where  the  surface  waters  enter  the  underground 
circulation. 

PBBCIPITATION. 

Since  the  Atanum-Moxee  Basin  is  comparatively  limited  in  extent, 
it  follows  that  it  must  in  great  part  fall  within  the  region  character- 
ized by  an  arid  climate.  Especially  is  this  true  of  the  eastern  part  of 
the  basin,  where  the  lower  beds  of  the  EUensburg  formation  outcrop 
along  the  ridges  which  border  Moxee  Valley.  There  the  rainfall  is 
very  scanty,  the  annual  precipitation  being  even  less  than  that  given 
on  page  13.  Much  of  the  rain  comes  in  the  form  of  heavy  showers  or 
cloud-bursts,  which  find  the  baked  soil  wholly  unfitted  to  receive  the 
moisture,  so  that  the  proportion  of  run-off  is  at  its  maximum.  The 
contribution  to  the  artesian  basin  in  this  portion  of  the  catchment 
area,  therefore,  is  small,  and  were  it  the  only  supply  the  artesian  wells 
of  Moxee  Valley  could  not  be  expected  to  maintain  their  flow  for  any 
length  of  time. 

At  the  western  end  of  the  basin  the  conditions  are  somewhat  more 
promising.  The  EUensburg  sandstones  extend  up  on  the  flanks  of  the 
higher  ridges,  which  are  favored  with  greater  precipitation,  as  is 
shown  by  the  groves  of  large  pine  trees  which  cover  them.  There 
the  snowfall  is  much  heavier,  and  as  the  winter's  accumulation  melts 
the  conditions  are  much  more  favorable  for  the  reception  of  tlie  water 
by  the  soil.  Exact  figures"  can  not  be  obtained  upon  which  to  base 
even  an  approximate  estimate  of  the  water  delivered  in  this  way  to 
the  artesian  basin.  The  occurrence  of  surface  springs  along  these 
ridges  shows  that  even  the  supply  of  ground  water  is  sufficient  to  per- 
sist through  the  summer.  It  is  probable  that  the  immediate  loss  by 
run-off  is  not  excessive  in  this  part  of  the  catchment  area,  so  that  the 
contribution  to  the  underground  supply  is  an  important  one. 
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STRBAM  CX>MTRIBUTION. 


Another  source  for  the  underground  waters  may  be  found  in  the 
leakage  from  streams  crossing  the  outcrop  of  the  water-carrying  beds. 
Several  seasonal  streams  flow  down  the  sides  of  the  western  part  of 
the  Atanum-Moxee  Valley,  but  these  are  small,  and  their  contribution 
may  well  be  included  under  that  mentioned  in  the  preceding  para- 
graph. Atanum  Creek,  however,  drains  a  large  area  to  the  west,  and 
in  the  early  part  of  the  year  it  is  an  impoi*tant  stream.  It  enters  the 
synclinal  basin  at  a  i)oint  where  the  strata  have  gentle  dips  and  where 
the  sandstone  at  the  base  of  the  Ellensburg  is  open  and  porous.  At 
the  points  where  the  stream  crosses  these  upturned  beds  the  water 
might  seep  downward  into  the  artesian  basin.  Similar  seepage  is 
shown  where  ditches  have  been  dug  in  both  the  surficial  alluvium  and 
in  the  Ellensburg  sandstone.  The  green  vegetation  along  the  lower 
sides  of  such  ditches  testifies  to  the  presence  of  water  which  has 
escaped  through  the  soil  and  the  sandstone.  The  fact  of  the  seepage 
from  Atanum  Creek,  however,  is  conclusively  proved  by  other  evi- 
dence. The  stream  measurements  made  by  Mr.  Babb,  and  quoted  on 
page  33  of  this  report,  have  an  important  bearing  on  this  question 
when  studied  in  connection  with  the  geologic  relations  along  Atanum 
Creek.  As  will  be  seen  by  reference  to  the  geologic  map,  PL  II,  the 
two  forks  of  Atanum  Creek  enter  the  sandstone  area  above  Tampico, 
but  the  stream  again  encounters  the  basalt  below  that  place.  The 
first  measurement  of  the  north  fork  of  the  creek  was  made  above  the 
point  where  the  stream  crosses  the  base  of  the  sandstone,  and  this 
volume  is  seen  to  exceed,  by  10  second-feet,  the  total  volume  of  both 
forks  measured  below  their  junction  and  within  the  sandstone  area. 
The  loss  by  seepage  is  partly  returned  when  the  stream  again  flows 
upon  the  basalt  basement,  as  is  shown  by  measurement  No.  9  of  the 
table  on  page  33.  This  gain  doubtless  represents  the  return  of  a  i)art 
of  the  underfiow  of  the  stream  to  the  surface.  Additional  measure- 
ments farther  down  show  a  loss  of  3.8  second-feet  after  the  sandstone 
again  becomes  the  floor  of  the  valley.  Further  loss  is  shown  by 
measurements  made  along  the  lower  course  of  the  creek,  but  those 
mentioned  are  of  importance  as  showing  seepage  into  the  sandstone. 

This  contribution  of  several  second-feet  of  water  is  an  important 
one,  and  since  these  measurements  were  made  late  in  July  they  repre- 
sent a  minimum  of  flow  and  probably  also  of  seepage.  At  time  of 
flood  the  amount  flowing  into  the  artesian  basin  from  this  source  would 
be  even  greater.  Taking  into  account  the  aggregate  discharge  of  the 
wells  of  the  basin,  which  is  about  12  second-feet,  the  part  played  by 
seepage  can  at  once  be  seen. 


LBAKAGB  FROM  A  L.OW1BR  BASIIT. 


In  his  reconnaissance  of  this  area  Professor  Russell  noted  the  scanty 
rainfall  and  concluded  that  the  annual  precipitation  on  the  outcrops 
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of  the  water-bearing  beds  on  the  ridges  adjacent  to  Moxee  Valley  was 
wholly  inadequate  to  supply  the  wells.  ^  The  extension  of  the  Ellens- 
burg  formation  westward  as  far  as  shown  on  the  map,  PL  II,  was  not 
then  known,  and  this  addition  to  the  catchment  area  was  therefore 
not  taken  into  account.  This  supposed  absence  of  any  adequate  sur- 
face supply  and  the  high  temperature  of  the  artesian  water  were  cited 
in  support  of  the  hypothesis  that  the  Moxee  artesian  basin  "  is  sup- 
plied from  below  by  water  rising  through  fissures  or  from  the  leakage 
upward  of  a  lower  artesian  basin."  ^  Further  support  of  this  hypoth- 
esis was  believed  by  Professor  Russell  to  be  found  in  a  fault  possibly 
extending  across  the  Atanum-Moxee  Valley  from  Selah  Gap  to  Union 
Gap.  The  evidence  of  fissure  springs  along  a  fault  scarp  in  Selah 
Valley  was  also  cited. 

In  the  consideration  of  this  hypothesis  it  may  be  well  to  note  that 
further  study  of  this  area  fails  to  show  any  north-south  fault  across 
the  basin.  As  previously  stated,  this  region  is  one  of  regular  folds, 
with  no  important  faults.  The  springs  in  Selah  Valley  near  the  old 
EUeusburg  i-oad  may  be  termed  fissure  springs,  but  the  cracks  through 
which  the  water  reaches  the  surface  probabl}"^  do  not  extend  to  any 
great  depth,  as  the  water  is  not  warm,  but  is  cold  and  very  palatable. 
This  is  quite  generally  true  of  the  water  of  springs  along  the  lower 
slopes  of  the  basalt  ridges.  The  Clerf  Spring,  east  of  EUensburg, 
described  on  page  45,  is  perhaps  the  most  important  fissure  spring 
known  in  the  Yakima  Basin,  and  should  be  considered  in  this  connec- 
tion. Here  is  a  large  flow  upward  through  fissures  in  the  basalt,  but 
the  temperature  of  the  water  is  considerably  less  than  that  of  the  arte- 
sian water  in  Moxee  Valley.  This  spring  proves  the  presence  of  water 
in  the  basalt  at  this  point,  and  a  similar  source  is  possible  for  the  arte- 
sian water  of  the  Moxee  wells.  Evidence  bearing  upon  this  hypoth- 
esis must  be  indirect,  however,  since  there  are  no  traces  of  any  fissures 
in  the  Moxee  Basin  extending  upward  from  the  basalt  into  the  EUens- 
burg formation.  Faulting  of  the  nature  to  produce  such  fissures  has 
not  been  detected  in  the  basin. 

The  possibility  of  a  lower  artesian  basin  deserves  a  word  in  con- 
nection with  this  discussion.  The  Eocene  sandstones  which  underlie 
the  Yakima  basalt  farther  west  are  of  a  nature  to  be  good  water  car- 
riers. They  outcrop  in  elevated  portions  of  the  Cascade  Range,  where 
the  annual  precipitation  is  considerable,  and  may  extend  downward 
beneath  the  basalt  of  the  North  Yakima  region.  In  that  event  they 
would  contain  large  quantities  of  artesian  water.  The  depth  at  which 
these  sandstones  ai*e  buried  beneath  the  basalt,  however,  is  such  as 
utterly  to  preclude  drilling  wells  to  tap  their  supply  of  water.  Fur- 
thermore, the  folding  to  which  these  rocks  were  subjected  before  the 
basalt  covered  them  makes  the  existence  of  a  true  artesian  basin 
beneath  the  basalt  quite  problematical.    Thus  it  is  again  found  impos- 

» BulL  U.  S.  Geol.  Survey  No,  108,  p.  68.  «  Op.  cit.,  p.  &9. 
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sible  to  test  direct  the  hypothesis  of  leakage  upward  from  a  lower 
basin.  The  facts  which  would  bear  upon  this  ai*e  beyond  the  zone  iu 
which  geologic  observation  is  possible. 

TBMPBRATURK  DATA. 

The  temperature  of  the  ai*te8ian  water  varies  considerably  in  the 
different  wells  of  the  basin.  As  will  be  seen  in  the  table  on  page  49, 
the  range  in  temperatures  is  about  14  degrees.  Doubtless  there  are 
several  factors  that  enter  into  this  variation.  Among  those  which 
directly  affect  the  temperature  of  the  artesian  water  freely  flowing 
from  a  well,  the  principal  one  is  the  depth  of  its  source.  The  excess 
of  the  water's  temperature  above  the  mean  annual  atmospheric  tem- 
perature, which  is  approximately  50  degrees  in  Moxee  Valley,  is  gen- 
erally considered  more  or  less  directly  proportionate  to  the  depth  of 
the  water  horizon.  Unfortunately,  in  the  present  case,  the  problem 
is  not  simple,  since  most  of  the  wells  are  supplied  with  water  from 
flows  at  several  horizons.  In  such  wells  the  discharge  is  mixed  water 
from  the  several  depths,  and  its  temperature  is  consequently  a  result- 
ant of  the  mixture. 

Three  of  the  wells  tap  the  upper  flow  only,  and  these  furnish  data 
from  which  the  rate  of  increase  in  temperature  can-be  calculated.  In 
three  other  wells  (19,  18,  and  22  of  the  following  table)  the  upper 
flows  are  cased  off  and  the  lowest  flow  only  is  used.  The  following 
table  shows  the  gradient  or  rate  of  increase  for  these  wells,  expressed 
in  feet  for  1  degree: 

Table  showing  relation  of  temperature  to  depth  in  wells  in  Atanum'Moxee  Basin. 


No.  of  well. 

Deptbof 
flow. 

Temper- 
ature. 

Gradi- 
ent. 

7 *..... 

Feet. 
615 
687 

7fiB 

8S0 

Deg.  F. 
70.7 
72.2 
73.2 
78.2 
72.2 
T2.7 

F^t. 
24.8 
2B.7 
aft.0 
26.9 
38.8 
36.1 

4 

10 

1» 

18 

82 

It  is  at  once  noticed  that  these  wells  have  abnormally  wann  water, 
a  fact  which  is  brought  out  by  the  rates  of  increase  or  gradienUN 
shown  in  the  table.  In  other  regions  the  usual  rate  of  increase  is  I 
degree  in  50  feet,  so  that  the  normal  temperature  for  water  from  si 
depth  of  500  feet  in  a  region  where  the  mean  annual  temperature  i» 
50  degrees  would  be  60  degrees.  It  will  be  seen  that  all  of  the  Moxet^ 
wells  show  a  much  higher  rate  of  increase.  For  example:  Well  No. 7 
has  water  about  10  degrees  warmer  than  would  be  expected,  consid- 
ering the  depth,  which  is  only  515  feet.  In  the  second  place,  it  will 
be  noted  that  the  thermometric  gradient  is  steeper  in  the  shaUon 
wells. 


SMITH.]  ABTE8IAN    WELLS   OF   ATANUM-MOZSE   BASIN.  59 

Before  attempting  to  account  for  the  abnormal  temperature  of  the 
water,  or  to  explain  the  rather  exceptional  variation  in  gradients, 
attention  should  be  given  to  several  factors  which  might  be  thought 
to  influence  the  recorded  temperatures.     Observations  of  well  tem- 
peratures are  usually  scattered  over  large  ai*eas,  so  that  some  differ- 
ences are  to  be  expected,  but  in  the  present  case  the  area  in  which 
these  six  wells  are  located  is  limited,  being  not  moi'e  than  1^  miles  in 
longest  diameter.     Neither  is  the  difference  in  elevation  great,  being 
only  about  120  feet,  and  if  the  position  of  the  water  horizons  be  ex- 
pressed in  elevations  above  sea  level  the  variation  in  gradient  is  not 
materially  affected.     Again,  while  overflowing  wells  undoubtedly 
afford  the  best  measure  of  underground  temperatures,  it  may  be 
thought  that  there  is  considerable  loss  of  heat  in  the  passage  of  the 
water  to  the  surface,  so  that  the  deeper  wells  might  show  a  lower 
thermometric  gradient.     The  wells  here  considered  were  all  flowing 
freely  at  the  time  of  observation,  with  the  exception  of  No.  10,  which, 
however,  shows  a  gradient  slightly  steeper  than  No.  22,  which  is  not 
quite  so  deep.     This  factor  of  loss  of  heat  in  the  passage  of  the  water 
upward  in  the  well  tube  can  therefore  apparently  be  disregarded. 
If  it  were  at  all  important,  it  would  show  underground  water  temper- 
atures even  more  abnormal  than  is  expressed  in  the  foi*egoing  table. 
Temperature  data  obtained  in  artesian  wells  may  be  assumed  to 
indicate  underground  temperatures,  and  the  records  from  wells  in 
different  countries  have  been  used  generally  by  geologists  and  physi- 
cists in  determining  the  normal  rate  of  increase  of  temperature  as  the 
earth's  crust  is  penetrated.     It  does  not  seem  plain,  however,  that  the 
water  temperatures  given  in  the  foregoing  table  necessarily  represent 
the  earth  temperatures  at  the  levels  where  the  wells  tap  the  water- 
bearing beds.     The  water  from  these  wells  possesses  a  relatively  high 
temperature,  which  may  be  regarded  as  having  its  origin  not  in  the 
immediate  source  but  in  the  greater  depth  from  which  the  water  is 
derived.     The  high  temperature,  therefore,  may  be  said  not  to  be 
indigenous  but  transferred.     This  theory  involves  considerable  move- 
ment of  the  underground  water,  in  order  that  the  progress  upward 
may  be  I'apid  enough  to  prevent  loss  of  heat  to  an  extent  sufficient  to 
bring  the  temperature  of  the  water  down  to  the  normal  temperature 
for  the  depth  at  which  the  flow  is  encountered.     This  upward  transfer 
of  heated  waters  must  of  course  cause  a  temperature  change  in  the 
inclosing  rock,  except  where  this  is  impervious,  and  therefore  pos- 
sesses a  relatively  low  degree  of  conductivity. 

This  hyxx>thesis  not  only  accounts  for  the  high  temperature,  but 
may  also  serve  to  explain  the  variation  in  gradient.  In  their  progress 
upward  (a  movement  taking  place  for  the  most  part  along  the  beds, 
and  thus  involving  a  horizontal  element  much  gi-eater  than  the  verti- 
cal) the  waters  lose  a  portion  of  their  heat,  as  is  shown  by  the  fact 
that  in   most  cases  the  deeper  wells  discharge  the  warmer  water. 
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According  to  the  foregoing  table,  this  loss  of  heat  varies  from  1  degree 
in  about  100  feet  to  only  one-half  degree  in  173  feet,  and  being  entirely 
out  of  proportion  with  the  usual  rate  of  decrease  in  earth  tempera- 
tures, it  follows  that  the  wells  which  tap  the  flow  near  the  surface,  and 
relatively  higher,  must  show  a  steeper  thermometric  gradient  than  the 
deeper  wells. 

Since  the  lateral  element  is  so  important  in  the  underground  move- 
ment of  artesian  water,  attention  must  be  given  to  the  relative  posi- 
tion of  the  wells,  especially  with  regard  to  the  form  of  the  basin  and 
its  probable  influence  upon  the  waters  moving  within  the  beds  of  sand- 
stone. Wells  Nos.  18  and  19  furnish  an  exception  to  the  statement 
that  the  deeper  wells  discharge  the  warmer  water.  In  this  case,  well 
No.  18,  although  tapping  the  water  horizon  127  feet  deeper  beneath 
the  surface  than  well  No.  19,  or  about  100  feet  lower  referred  to  sea 
level,  discharges  water  1  degree  colder  than  the  latter  well.  An 
explanation  of  this  may  be  found  in  the  structure  of  the  basin.  As 
shown  in  fig.  7,  page  48,  the  syncline  is  sharply  compressed  on  the 
south  side,  and,  as  has  already  been  stated,  it  is  probable  that  the 
sandstones  may  have  had  their  texture  affected  by  this  compression, 
especially  their  porosity.  Well  No.  18  is  near  the  south  side  of  the 
basin,  and  thus  possibly  within  the  area  affected.  On  this  supposition 
there  is  a  less  free  movement  of  the  underground  waters  in  their  flow 
toward  this  part  of  the  basin,  and  therefore  they  suffer  a  greater  loss 
of  original  heat.  This  hypothesis  is  supported  by  the  fact  that  wells 
Nos.  5  and  9,  in  this  part  of  the  area,  while  supplied  by  several  flows, 
and  therefore  not  available  for  direct  comparison,  show  the  lowest 
gradients  of  any  wells  in  the  district;  that  is  to  say,  they  dischai^ 
cooler  waters  compared  with  wells  not  so  deep  and  situated  a  mile  or 
more  farther  north  in  the  same  basin.  The  comparison  of  these  weUs, 
supplied  with  what  may  be  termed  mixed  waters,  is  not  tabulated,  for 
the  element  of  depth  becomes  too  complicated,  owing  to  the  several 
flows  contributing  to  the  discharge.  It  may  be  stated,  however,  that 
here  also  the  general  rule  is  that  the  shallower  the  well  the  steeper 
the  gradient  or  rate  of  increase  of  temperature. 

This  discussion  of  the  temperature  data  has  its  practical  bearing  on 
the  subject  of  the  direction  of  movement  of  the  underground  water 
and  the  origin  of  the  supply.  Regarding  direction  of  flow,  the  evi- 
dence points  to  a  movement  along  the  trough  of  the  syncline  from  the 
west,  and  since  the  dip  or  pitch  of  the  fold  is  here  to  the  west  the 
movement  is  upward.  The  source  of  this  water,  then,  is  west  of  the 
well  district  in  Moxee  Valley.  This  accords  with  the  statements  made 
on  page  18,  regarding  the  greater  precipitation  in  the  western  part  of 
the  region.  Again,  if  the  Assure  hypothesis  is  assumed  to  be  cor- 
rect, the  probable  position  of  the  flssures,  as  stated  by  Professor  Rus- 
sell, is  in  the  vicinity  of  Yakima  River,  or  west  of  these  wells. 

The  abnormally  high  temperature  of  the  water  in  all  of  these  wells, 
together  with  the  variation  in  gradient,  is  therefore  assumed  to  indi- 
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cate  upward  movement;  and  the  question  remains,  What  is  the  depth 
at  which  the  original  temperature  is  acquired?  It  is  possible  that  the 
lowest  point  in  the  syncline  is  deep  enough  to  give  temperatures  simi- 
lar to  those  recorded,  even  with  a  more  nearly  normal  gradient.  This, 
however,  would  not  allow  for  any  loss  of  heat  as  the  water  moved 
upward  along  the  bottom  of  the  basin.  Furthermore,  the  temperature 
of  the  water  from  the  Wilson  well,  in  the  western  part  of  the  basin,  is 
80  degrees,  which  would  indicate  a  gradient  of  1  degree  in  35  feet, 
provided  the  discharge  was  all  from  the  lowest  flow;  but  being  from 
three  flows,  the  true  gradient  is  somewhat  steeper.  This  well  being 
west  of  the  lowest  part  of  the  basin  and  nearer  the  surface  intake  pre- 
viously suggested,  its  waters  are  not  heated  by  having  reached  any 
lower  depth,  unless  fissures  supply  the  basin.  The  whole  question 
thus  resolves  itself  into  an  inquiry  whether  the  excess  of  temperature 
is  due  to  the  artesian  water  having  its  origin  in  fissures  extending 
down  into  the  basalt  basement,  or  to  a  general  and  regional  high  tem- 
l>erature  for  the  whole  floor  of  the  basin. 

The  thickness  of  the  Yakima  basalt  under  the  Atanuni-Moxee  Basin 
is  not  less  than  2,500  feet,  and  is  probably  much  greater.  So  far  as 
known,  this  formation  includes  no  porous  beds  extensive  enough  to 
form  a  water  horizon.  Fissures  extending  through  this  mass  of  rock 
to  any  water-bearing  beds  beneath  would  be  supplied  with  water  of  a 
much  higher  temperature  than  any  found  in  these  wells.  Even  with 
excessive  loss  of  heat,  the  water  from  such  a  source  would  be  hot 
rather  than  warm.  The  alternative  hypothesis  of  a  regional  high  tem- 
perature appears  more  plausible.  This  great  thickness  of  basalt  which 
underlies  the  sandstone  was  poured  forth  in  Miocene  time,  or  compara- 
tively late,  as  floods  of  molten  rock.  While  in  the  millions  of  years 
since  its  eruption  it  doubtless  has  lost  practically  all  of  its  original 
heat,  yet  it  seems  probable  that  the  cooling  of  the  earth's  crust  must 
have  been  retarded  over  the  large  areas  covered  by  these  great  Miocene 
basalt  flows,  especially  in  view  of  later  volcanic  activity,  as  evidenced 
by  the  Pleistocene  andesitic  eruption.  This  would  result  in  higher 
earth  temperatures  in  this  region,  so  that  the  normal  gradients  could 
not  be  expected.  Thus,  since  the  Wilson  well  discharges  water  from 
three  flows,  the  lowest  of  which  is  at  a  depth  of  1,050  feet,  the  true 
^adient  must  be  steeper  than  1  degree  increase  in  35  feet. 

In  his  study  of  the  Dakota  artesian  basin,  Mr.  N.  H.  Darton  *  dis- 
covered rather  exceptional  thermal  conditions  for  which  no  satisfac- 
tory explanation  has  been  found.  The  occurrence  of  steep  thermo- 
metric  gradients  over  large  areas  may  indicate  here  also  a  conservation 
of  earth  heat  through  the  thick  mantle  of  Mesozoic  strata.  Near 
3oise,  Idaho,  the  conditions  are  more  like  those  of  the  Yakima  region. 
There  the  Payette  sandstone  is  of  the  same  age  as  the  Ellensburg 
formation  and,  like  it,  contains  the  water-bearing  beds.  Hot  springs 
issue  from  that  sandstone,  and  wells  sunk  near  the  city  found,  at  a 
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depth  of  about  400  feet,  a  supply  of  artesian  water  which  has  a  tem- 
perature of  170  degrees.  As  shown  by  Mr.  Waldemar  Lindgren,^  this 
hot  water  is  apparently  derived  from  the  vicinity  of  volcanic  vents, 
where  in  Pliocene  time  basaltic  lava  broke  through  the  Payette 
sandstone. 

PBBMANEMCB  OF  SUPPLY. 

The  practical  question  which  comes  both  to  those  who  have  welLs 
and  those  who  are  considering  the  advisability  of  drilling  for  water 
relates  to  the  permanence  of  the  artesian  supply.  The  preceding  sec- 
tion may  have  answered  this  question  in  part,  but  a  few  additional 
observations  may  pertinently  be  made. 

DBCRKABB  Or  PBESBURK. 

The  perceptible  decrease  in  the  pressure  of  some  of  the  older  wells 
has  been  thought  by  some  residents  of  the  district  to  indicate  an  earlr 
failure  of  all  of  the  wells.  In  most  cases  it  will  be  noted  that  the 
wells  first  put  down  were  located  on  higher  ground  than  most  of  the 
wells  at  present  flowing.  In  many  of  these  early  wells  the  original 
pressure  was  low,  so  that  even  a  slight  reduction  changed  them  from 
flowing  to  nonflowing  wells. 

Several  features  may  be  cited  as  contributing  to  this  decrease  in 
pressure.  When  the  first  wells  were  put  down  the  water  in  this  baan 
undoubtedly  was  under  considerable  pressure,  which  would  naturally 
be  lessened  as  the  stored  supply  of  water  was  drawn  upon.  Few  of 
the  earlier  wells  were  cased,  and  the  possibility  exists  that  caving  and 
partial  clogging  of  the  wells  have  caused  the  lowering  of  the  pressure. 
Lack  of  casing  has  also  doubtless  contributed  to  leakage  at  horizom 
where  a  difference  in  pressures  allowed  the  water  to  escape.  With 
even  the  best  well  construction  the  decrease  in  pressure  would  con- 
tinue until  the  total  discharge  of  the  wells  of  the  area  equaled  the 
amount  of  water  received  by  the  basin.  The  indications,  judging 
from  the  testimony  of  the  well  owners,  are  that  this  state  of  equilib- 
rium has  been  reached. 

1NGBEABE  IN  NUMBER  OF  WKLLB. 

Each  year  new  wells  are  being  drilled  in  Moxee  Valley,  and  it  is 
probable  that  the  success  of  the  Wilson  well  will  cause  other  welL* 
to  be  put  down  in  Wide  Hollow,  where  water  is  needed.  In  the  Moxw 
area,  it  is  doubtful  whether,  under  present  conditions,  the  increase  of 
wells  will  result  in  any  increase  in  the  total  discharge^  if  the  suppo^^i• 
tion  be  correct  that  the  discharge  now  equals  the  supply.  New  welI^ 
will  mean,  therefore,  only  a  further  division  of  the  water  supply.  U 
certain  eases  this  will  be  advantageous,  if  it  enables  the  water  for 
irrigation  to  be  distributed  more  economically.  But  as  further 
demands  are  made  upon  the  underground  supply  of  water,  the  timr 
must  come  when  it  will  be  a  survival  of  the  fittest,  since  the  lowe^I 


*  Geologic  Atlas  U.  S.,  folio  46,  Boise,  Idaho. 
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wells,  especially  those  which  are  situated  where  the  undei^ronud 
movement  of  water  is  least  restricted,  will  continue  to  flow  even  after 
the  pressure  is  lowered  to  a  point  where  the  higher  wells  can  not  be 
supplied.  If  the  foregoing  supx)ositions  regarding  the  movement  of 
the  artesian  water  in  this  basin  are  correct,  the  wells  that  would  con-' 
tinue  to  flow  would  be  those  having  the  warmest  water. 

The  underground  supply  of  water  must  not  be  considered  unlim- 
ited, any  more  than  the  surface  supply.  The  artesian  basin  should  be 
regarded  simply  as  a  reservoir  in  which  water  is  collected  and  stored, 
and  not  only  should  wasteful  use  of  it  be  avoided,  but  the  fact  that 
it  is  stored  should  rather  prompt  economy  in  its  use.  In  view  of 
the  possibility  of  exhausting  the  artesian  resources  of  the  district,  more 
attention  should  be  given  to  preventing  waste  of  the  water. 

PRECAUTIONS  TO  BE  OBSERVED. 

Unfortunately,  some  wells  are  so  constructed  that  the  discharge  can 
not  be  controlled,  and  waste  must  continue  both  at  the  surface  and 
below;  hence  it  is  of  prime  importance  that  attention  be  given  to  cor- 
rect construction  of  the  wells.  The  following  practical  hints,  quoted 
from  a  rejwrt  of  Prof.  J.  E.  Todd,*  will  serve  to  call  attention  to  geo- 
logic conditions  which  must  be  kept  in  mind  if  a  well  is  to  be  a  per^ 
manent  success : , 

(1)  Since  the  presBnre  in  the  upper  flows  is  less  than  in  the  lower  by  many 
pounds  to  the  inch,  it  is  very  important  that  the  commnnication  between  the  lower 
flows  and  the  higher  shonld  be  entirely  cnt  off,  otherwise  the  fnll  pressure  from 
the  lower  stratum  will  not  be  observed  at  the  mouth  of  the  well,  but  will  expend 
itself  by  leaking  into  the  strata  below  the  surface.  The  desire  of  the  well  digger 
to  keep  his  pipe  loose  may  tempt  him  to  leave  the  bore  too  large— hence  the  dan- 
ger we  speak  of. 

(2)  It  is  very  desirable  that  the  larger  pipe  lining  the  bore  be  firmly  fixed  in  the 
hard  stratum  above  the  water-bearing  rock  This  may  be  done  in  most  localities, 
as  a  comi)act  stone  is  found  just  above  the  porous  sands  which  bring  the  water. 
Much  depends  upon  this,  for  if  a  pipe  be  left  loose  and  the  opening  in  the  rock 
left  incompletely  stopped  water  is  likely  to  escape  around  the  pipe,  and  if  not 
checked  may  eventually  destroy  the  well. 

(3)  A  well  should  be  sunk  as  rapidly  as  consistent  with  good  work,  especially 
after  water  has  been  reached^  otherwise  the  great  pressure  of  the  water  may  cause 
it  to  erode  an  irregular  opening  and  prevent  the  accomplishment  of  the  two  points 
already  given. 

The  leakage  from  lower  flows  into  upper  porous  beds  apparently 
has  taken  place  in  Moxee  Valley.  A  spring  which  within  a  few  years 
has  broken  out  near  the  center  of  sec.  9,  T.  12,  R.  20,  very  probably 
is  supplied  by  leakage  from  some  of  the  wells  in  sections  10  or  3  which 
have  stopped  flowing.  This  loss  may  be  suflicient  to  make  a  well 
valueless,  and  it  is  an  argument  for  properly  casing  a  well,  an  addi- 
tional expense  at  the  time,  but  an  outlay  that  will  insure  the  whole 
investment. 

Most  important  of  all  is  the  economical  use  of  water.     In  1900  few 


1  Water-Sapply  and  Irrigation  Paper  U.  S.  Geol.  Sarvey  No.  3i,  p.  80. 
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wells  in  the  Moxee  district  were  supplied  with  valves,  and  therefore 
the  fall  discharge  continues  day  and  night,  summer  and  winter, 
regardless  of  whether  or  not  the  water  is  needed.  This  flow  of  the 
wells  in  the  winter  is  a  wholly  unnecessary  drain  upon  the  under- 
ground supply,  and  is  doubly  to  be  deprecated  since  the  presence  of 
the  water  on  the  land  during  that  season  of  the  year  must  be  injurious. 
Entirely  shutting  off  the  discharge  might  introduce  the  danger  of  clog- 
ging the  wells  with  sand,  but  they  could  be  fitted  with  valves  so  that 
most  of  the  water  could  be  shut  off.  In  addition  to  shutting  off  the 
supply,  the  valve  can,  by  partial  closing,  be  used  to  increase  the  pres- 
sure and  thus  force  water  through  a  smaller  pipe  into  the  house. 

Closing  the  wells  during  the  winter  months,  except  for  very  small 
flows  sufficient  for  ordinary  use  about  the  house  and  for  the  stock, 
would  result  in  the  accumulation  of  water,  which  would  be  available 
the  following  summer,  when  most  needed,  and  the  pressure  for  the 
whole  basin  would  undoubtedly  be  increased,  as  shown  by  a  fact  cited 
by  Mr.  Frank  Leverett.*  Wells  in  the  vicinity  of  the  Chicago  stock 
yards  are  rejwrted  to  flow  for  only  a  brief  period  each  week,  after  the 
Sunday  intermission  from  pumping.  In  that  case  a  few  hours'  accu- 
mulation proves  sufficient  to  raise  the  pressure,  and  it  is  plain  that 
several  months'  accumulation  would  make  considerable  difference  in 
the  pressure  in  the  Moxee  wells. 

This  matter  of  economy  in  the  use  of  the  artesian  water  should  be 
taken  up  by  those  most  interested.  Legal  enactment  would  not 
accomplish  much  more  than  a  local  agreement.  The  result  desired  is 
to  insure  a  permanent  supply  of  water  for  the  irrigation  of  the  valley, 
and  every  property  owner  in  the  district  should  be  ready  to  subscribe 
to  articles  of  agreement.  This  arrangement  appears  practicable,  since 
those  interested  live  within  a  radius  of  a  few  miles  and  constituti' 
practically  a  single  community.^ 

>  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  II,  p.  787. 

3  Since  the  completion  of  this  mannacript  it  has  been  learned  that  the  conaervation  of  tbe 
underground  water  supply  of  the  Moxee  Basin  has  been  provided  fc.  by  legislative  enactment 
and  that  the  following  bill  is  now  on  the  statute  books  of  the  State  <  Washington.  Such  a  law 
as  this  is  unique  in  its  form  and  application.  It  undoubtedly  me«  with  the  hearty  appronl 
of  those  most  interested,  and  should  be  rigidly  enforced. 

Chapter  CXXI. 

(H.B.No.a03.) 

RELATINO  TO  ARTESIAN  WELLS. 

AX  ACT  In  relation  to  artesian  wells  and  regulating  the  flow  of  water  therefrom,  and  jgrorO^ 

ing  a  penalty  for  the  violation  thereof. 

Be  it  enacted  by  the  legislature  of  the  State  of  Washington: 

Section  1.  It  shall  be  unlawful  for  any  person,  firm,  corporation,  or  company  having^  poases^ 
sion  or  control  of  any  artesian  wells  within  the  State,  whet^  r  as  contractor,  oim«r,  lesser 
agent,  or  manager,  to  allow  or  permit  water  to  flow  or  escap*^  rom  such  well  between  the  fin- 
day  of  October  in  any  year  and  the  first  day  of  April  next  ens:  9:  Provided^  That  tltia  act  shall 
only  apply  to  sections  and  communities  wherein  the  use  of  ^'  r  for  the  purpose  of  trrigatkft 
is  unnecessary  or  customary,  and  providing  further,  that  .  ig  herein  contained  afaall  pr^ 

vent  or  prohibit  the  use  of  water  from  any  such  well  betweeu  said  first  day  of  October  and  tfat 
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The  future  of  Yakima  County  promises  to  be  such  that  every  foot 
of  water  available  for  irrigation  can  and  will  be  utilized.  A  few 
hours'  ride  over  any  part  of  the  county  where  new  land  is  being  put 
under  cultivation  is  sufficient  to  convince  one  of  the  great  agricultural 
possibilities  of  the  region,  but  without  proper  conservation  of  the 
water  resources  these  possibilities  can  not  be  ma<le  to  contribute  to  its 
future  wealth. 

first  day  of  April  next  ensuing  for  household,  stock,  and  domestic  purposes  only,  water  for  said 
last-named  purposes  to  be  taken  from  such  wells  through  a  one-half  inch  stop  and  waste  cock 
to  be  inserted  in  the  piping  of  such  well  for  that  purpose. 

Sec.  2.  It  shall  be  the  duty  of  every  person,  firm,  corporation,  or  company  having  possession 
or  control  of  any  artesian  well,  as  provided  in  section  1  of  this  act,  to  securely  cap  the  same  over 
on  or  before  the  first  day  of  October  in  each  and  every  year  in  such  manner  as  to  prevent  the 
flow  or  escape  of  water  therefrom,  and  to  keep  the  same  securely  caiH^^d  and  prevent  the  flow 
or  escape  of  water  therefrom  until  the  first  day  of  April  next  ensuing:  Provided^  however^  it 
shall  and  may  be  lawful  for  any  such  person,  firm,  corporation,  or  company  to  insert  a  one-half 
inch  stop  and  waste  cock  in  the  piping  of  such  well,  and  to  take  and  use  water  therefrom 
through  such  stop  and  waste  cock  at  any  time  for  household,  stock,  or  domestic  purposes,  but 
not  otherwise. 

Sec.  3.  Any  person,  whether  as  owner,  lessee,  agent,  or  manager,  having  possession  or  control 
of  any  such  well,  violating  the  provisions  of  this  act  shall  be  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  shall  be  fined  in  any  sum  not  exceeding  two  hundred  dollars  for 
each  and  every  such  offense,  and  the  further  sum  of  two  hundred  dollars  for  each  ten  days  dur- 
ing which  such  violation  shall  continue. 

Sec.  4.  Whenever  any  person,  firm,  corporation,  or  company  in  possession  or  control  of  an 
arteeian  well  shall  fail  to  comply  with  the  provisions  of  this  act,  any  person,  firm,  corpora- 
tion, or  company  lawfully  in  the  possession  of  land  situate  adjacent  to  or  in  the  vicinity  or 
neighborhood  of  such  well  and  within  five  miles  thereof  may  enter  upon  the  land  upon  which 
such  weU  is  situate,  and  take  ];>os8ession  of  such  well  from  which  water  is  allowed  to  flow  or 
escape  in  violation  of  the  provisions  of  section  1  of  this  act,  and  cap  such  well  and  shut  in  and 
secure  the  flow  or  escape  of  water  therefrom,  and  the  necessary  expenses  incurred  in  so  doing 
shall  constitute  a  lien  upon  said  well,  and  a  sufficient  quantity  of  land  surrounding  the  same  for 
the  convenient  use  and  operation  thereof,  which  lien  may  be  foreclosed  in  a  civil  action  in  any 
court  of  competent  jurisdiction,  and  the  court  in  any  such  case  sliall  allow  the  plaintiff  a  reason 
able  attorney's  fee  ,to  be  taxed  as  a  part  of  the  cost.  This  shall  be  in  addition  to  the  i)enalty  pro- 
vided for  in  section  3  of  this  act. 
Passed  the  House  March  7, 1901. 
Passed  the  Senate  March  14, 1901. 
Approved  by  the  Governor  March  Itt,  1901. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geologicai^  Survey, 

Division  op  Hydrography, 

Washmgion,  D.  C.,Jidy  10,  1901. 
Sm:  I  have  the  honor  to  transmit  herewith  a  manuscript  describing 
the  methods  of  stream  measurement  in  use  by  the  Division  of 
Hydrography,  and  request  that  it  be  published  in  the  series  of  Water- 
Supply  and  Irrigation  Papers.  This  material  has  been  compiled  from 
various  rei)orts  and  letters  of  instruction,  and  is  intended  to  embody 
not  only  a  description  of  the  operations  but  in  some  cases  minute 
directions  which  may  assist  the  hydrographers  and  serve  to  increase 
tlie  accuracy  of  results.  It  is  designed  not  only  to  assist  and  guide  the 
hydrographers  employed  by  the  Survey  or  working  in  cooperation 
with  it,  but  also  to  exhibit  as  nearly  Jis  possible  the  degree  of  accunicy 
of  the  operations  and  of  the  computations  of  results.  It  is  hoped  that 
hydraulic  engineers  and  others  who  may  be  engaged  in  similar  lines 
of  investigation  will  adopt  these  methods  or  so  modify  their  own 
operations  that  the  results  will  be  comparable  with  those  obtained  by 
this  Survey. 

Very  respectfully,  F.  11.  Newell, 

Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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METHODS  OF  STREAM  MEASUREMENT. 


rNTRODUCTION. 

The  object  of  the  work  herein  described  is  to  obtain  data  bearing 
upon  the  water  resources  of  the  Unit/ed  States.  In  undertaking  with 
limited  funds  an  investigation  of  this  character,  it  is  obvious  that  a 
plan  must  be  adopted  which  will  yield  useful  results  with  moderate 
outlay.  The  United  States  is  so  vast  and  offers  such  diversity  of 
topographic  and  climatic  conditions  that  measurements  of  rivers  in 
one  section  give  data  of  little  value  concerning  those  of  another  sec- 
tion. It  is  therefore  necessary  to  consider  carefully  the  distribution 
of  field  work  so  as  to  obtain  typical  results,  and  at  the  same  time  not 
to  diffuse  it  so  widely  as  to  destroy  its  effectiveness.  The  chief  object 
has  been  to  lay  out  the  operations  so  that  there  would  be  obtained 
results  of  practical  value  and  of  a  reasonable  degree  of  accuracy, 
broadly  representative  of  conditions  prevailing  throughout  the  United 
States,  without  expending  money  for  the  attainment  of  an  unneces- 
sary degree  of  precision.  There  is  of  course  room  for  wide  differ- 
ence of  opinion  regarding  the  best  way  to  attain  this  object.  In  the 
practice  of  the  Survey  localities  have  been  selected  where  the  results 
will  have  a  local  application  to  problems  of  development  and  at  the 
same  time  will  yield  data  which  can  be  applied  to  adjacent  areas 
under  similar  topographic  conditions. 

The  operations  of  the  branch  of  the  Geological  Survey  which  has  to 
do  with  hydrography  can  be  divided  into  three  distinct  classes :  (1)  The 
measurement  of  surface  streams;  (2)  the  survey  of  sites  for  and  the 
estimation  of  capacity  and  cost  of  reservoirs;  and  (3)  the  study  of 
tlie  quantity  and  movement  of  underground  waters.  The  greater 
part  of  the  funds  available,  however,  is  devoted  to  the  measurement 
of  surface  streams,  for  those  are  of  first  importance,  regarding  both 
tlie  quantity  of  water  obtainable  and  its  industrial  application. 

The  work  of  ascertaining  the  flow  of  a  stream,  as  developed  by 
tlie  experience  of  the  Division  of  Hydrography,  extending  through 
About  thirteen  year's,  consists  of  (1)  observing  and  recording  the  daily 
height  of  the  water,  (2)  measuring  the  quantity  of  flow  at  different 
lieights,  and  (3)  computing  the  probable  flow  at  each  height  or  stage 
of  the  stream. 

The  first  step  is  to  select  a  suitable  locality  for  a  gaging  station. 

Although  apparently  simple,  this  is  really  a  difficult  task.     Not  only 

xnust  the  actual  conditions  be  favorable — the  water  moving  in  nearly 
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straight  lines  over  a  solid  bed  and  between  well-defined  banks — ^but 
the  place  must  be  accessible  at  moderate  cost,  and  there  must  be  liv- 
ing near  a  competent  person  who  can  be  engaged  to  serve  as  observer. 
Usually  it  is  impracticable  to. hire  a  man  to  remain  at  a  locality  to 
observe  daily  the  height  of  the  water  and  make  occasional  measure- 
ments of  the  volume.  It  therefore  becomes  necessary  to  locate  the 
station  where  a  person  of  ordinary  intelligence  can  be  employed,  at 
from  $2  to  $5  a  month,  to  observe  and  note  the  height  of  the  stream 
once  or  twice  a  day,  and  each  week  send  to  the  Survey  a  postal  card 
containing  a  record  of  these  facts.  So  that  in  i)erhaps  the  majoritj- 
of  cases  the  station  is  located  not  at  the  most  desirable  place  for 
obtaining  the  information  desired,  but  at  the  best  locality  where  a 
competent  observer  can  be  procured. 

When  a  suitable  location  has  been  found  a  gage  is  established,  on 
which  the  height  of  the  water  can  easily  be  read  to  tenths  of  a  foot. 
The  gage  may  be  either  a  vertical  or  an  inclined  scale,  fastened  to  a 
pier  or  attached  to  supports  firmly  bedded  in  the  bank.  If  inclined, 
it  is  graduated,  after  setting,  to  vertical  tenths  of  a  foot,  thus  afford- 
ing a  magnified  reading  which  is  always  at  the  shore  line.  Some- 
times a  wire  gage  is  used,  a  weight  being  lowered  from  a  bridge  or 
overhanging  support,  and  the  distance  noted  along  the  horizontal 
scale.  Whatever  the  device  the  gage  should  be  referred  to  perma- 
nent bench  marks  and  maintained  without  alteration. 

From  time  to  time  the  engineers — or  hydrographers,  as  they  are 
termed — visit  and  inspect  the  stations  and  make  measurements  of 
the  volume  of  flow  by  means  of  a  current  meter  or  otherwise.  Many 
forms  of  current  meter  are  in  use.  Those  preferred  have  an  electric 
appliance  so  arranged  that  every  revolution  of  the  wheel  causes  a 
click  or  buzz  in  a  small  sounder  in  the  hand  or  pocket  of  the  hydrog- 
i-apher.  Many  automatic  devices  have  been  tried,  but  in  the  long 
i*un  this  form  has  proved  the  most  satisfactory.  In  using  it,  the 
hydrographer  counts  and  records  in  a  notebook  the  number  of  repe- 
titions of  the  sound  during,  usually,  50  seconds.  The  meter  is  placed 
in  various  parts  of  the  cross  section  by  suspending  it  from  a  boat  or 
bridge,  or,  more  commonly,  from  a  car  in  which  the  hydrographer 
sits,  which  is  supported  by  a  stout  steel  cable  extending  acroes  the 
stream.     (See  PI.  I.) 

From  the  occasional  measurements  of  discharge  there  is  constructed. 
usually  by  graphic  means,  a  table  showing  the  volume  of  flow  for 
each  tenth  of  a  foot  height  of  the  water.  From  this  table  the  dis- 
charge is  placed  opposite  the  corresponding  gage  height  for  each  day. 
thus  giving  the  fluctuations  of  the  stream,  which  may  be  state<l  in 
terms  of  maximum,  minimum,  and  mean  for  the  month,  or  be  ^hown 
graphically  by  diagrams.  If  the  area  drained  be  known,  these  results^ 
can  be  expressed  in  units  of  area  and  volume,  or  in  depth  over  tht- 
entire  catchment  basin.  The  details  regarding  these  measurements 
and  computations  are  given  on  the  following  pages. 
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WEIR  MEASUREMENTS. 

The  flow  of  water  in  open  channels  is  controlled  by  a  variety  of 
conditions  due  to  ai'tiflciai  as  well  as  natural  features,  and  no  definite 
rule  for  gaging  can  be  prescribed  which  will  be  applicable  t;0  all  cases. 
The  methods  of  operation  must  therefore  be  governed  largely  b}* 
local  conditions,  and  should  be  varied  as  circumstances  require.  The 
accuracy  of  the  results  obtained  is  consequently  dependent  in  ho 
small  degree  upon  the  judgment  exercised  by  the  hydrogi'apher  in 
dealing  with  individual  cases. 

In  general,  measurements  of  the  volume  of  flowing  water  in  open 
channels  may  be  classed  under  two  heads:  (1)  By  means  of  weirs  or 
dams  used  as  weirs,  and  (2)  by  determining  the  mean  velocity  and 
the  sectional  area  for  a  given  cross  section.  Using  the  first  method, 
the  discharge  of  the  stream  is  computed  by  means  of  an  empirical 
formula,  which  varies  for  different  types  of  dams  or  weii*8.  On  creeks 
or  small  rivers  it  is  sometimes  practicable  to  build  a  timber  weir 
across  the  channel,  causing  the  total  flow  of  the  stream  to  pass  over 
the  sharp  edge  of  the  weir  crest.  Various  forms  of  these  weii^s  are 
shown  in  Pis.  II  and  III.  By  observing  the  head  on  the  weir  com- 
putations of  the  flow  can  be  made.  This  is  probably  the  most  accu- 
rate method  applicable  to  small  streams.  On  large  rivers,  however, 
the  cost  of  a  weir  is  usually  so  great  as  to  be  prohibitive,  so  that  if 
there  is  not  a  weir  or  dam  already  in  the  stream  it  is  necessary  to 
resort  to  measurements  by  floats  or  current  meters,  as  described 
further  on. 

On  many  rivers  of  moderat-e  size  the  conditions  are  unfavorable  for 
successfully  applying  either  of  these  methods. .  For  instance,  on 
streams  used  for  manufacturing  purposes  dams  occur  at  frequent 
intervals,  interrupting  the  regular  flow  and  in  many  cases  holding 
back  the  night  flow  for  use  during  the  following,  day,  so  that  the  dis- 
charge during  tlie  night  may  be  either  nothing  or  a  very  small  per- 
centiige  of  the  day  flow.  Then,  too,  the  shutting  down  of  the  mill 
wheels  for  an  hour  at  noon  may  have  a  pronounced  effect  upon 
the  results  of  float  or  meter  measurements  made  below  the  mill. 
Unfortunately  these  variations  are  not  always  apparent  to  the  hydrog- 
rapher,  and  surprise  and  annoyance  are  caused  by  finding  that 
the  river  height  differs  by  several  tenths  from  the  gage  as  read  by  the 
regular  observer  possibly  an  hour  or  two  before  the  hydrographer 
arrived  at  the  station. 

Frequently  it  is  almost  impossible  to  find  a  section  upon  a  stream 
used  for  industrial  purposes  where  the  flow  is  not  interrupted  by  the 
backwater  from  dams  below.  If  a  station  is  selected  at  the  time  of 
high  water  this  backing  up  of  the  river  may  not  be  apparent  to  the 
hydrographer,  but  at  the  low-water  season  he  may  find  that  the  river 
at  the  station  is  merely  a  placid  i)ond,  apparently  without  current, 
making   measurements   impracticable.      Examples    are    Blackstone 
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River  in  MassaehiiseUs  and  Rhode  Island  and  the  Sandusky  in  Ohio. 
If  the  fall  of  a  stream  is  sufficiently  rapid  a  section  for  meter  meas- 
urements may  be  found  just  below  one  of  the  milldams,  measure- 
ments at  such  jioints  not  being  affected  by  the  backwater.  They 
are,  however,  subject  to  all  of  the  changes  due  to  gate  openings  at 
the  mills  above. 

MILLDAMS  AS  WEIRS. 

Under  the  conditions  described  better  results  can  undoubt-edly  l)e 
obtained  if  there  exists  upon  the  stream  a  good  dam  which  can  be 
used  as  a  weir.  It  should  have  a  level,  even  crest  and  a  constant 
cross  section,  with  sufficient  pondage  to  reduce  the  velocity  of 
approach,  and  it  should  be  free  from  leakage.  Mason ly  dams  are 
better  for  this  purpose,  for  they  are  more  likely  to  be  tight  and  to 
have  an  even  crest.  Timber  dams  although  level  when  first  con- 
structed are  likely  to'settle  at  various  points  across  the  stream,  thus 
producing  an  uneven  crest  elevation.  There  are,  however,  many  good 
timber  dams  practically  free  from  leakage  and  with  crests  sufficiently 
uniform  for  accurate  work.  PI.  IV  shows  two  dams  suitable  for  use, 
and  PL  V  shows  two  not  suitable  for  use. 

Having  selected  a  dam  as  the  proper  site  for  a  station,  a  careful  sur- 
vey must  be  made  of  the  crest  line  and  of  the  upper  and  lower  slopes, 
so  that  it  can  be  compared  with  other  dams  or  with  experimental  .sec- 
tions for  which  the  coefficients  of  flow  are  known.  The  experiments  of 
James  B.  Francis,  of  Fteley  and  Stearns,  and  of  John  R.  Freeman, 
George  W.  Rafter,  and  others  at  Cornell  Univeraity  have  given 
coefficients  upon  many  sections  of  various  forms.  It  is  probable  that 
the  dam  selected  for  the  station  will  not  be  exactly  like  any  of  the 
experimental  forms,  but  it  will  resemble  some  of  them  so  closely  that 
coefficients  can  be  selected  for  the  computations. 

When  the  mill  gates  are  open  a  part  of  the  flow  of  the  stream  is 
divertiMl  from  the  river  through  the  millrace,  tlie  gates,  and  the  tail- 
race.  The  amount  of  the  diversion  must  of  couree  be  measured  and 
added  to  the  (luantity  flowing  over  the  dam  in  order  to  determine  tlie 
total  discharge  of  the  stream.  In  many  factories  the  quantity  flow inj: 
through  the  wheels  varies  from  day  to  day,  and  also  during  different 
hours  of  the  day,  so  that  careful  records  must  be  kept  of  the  gate 
openings  in  order  that  proper  allowance  may  be  made  for  these  vari- 
ations. The  size  and  the  make  of  the  water  wheels  must  be  ascer- 
tained and  the  wheels  be  used  as  water  meters  for  the  determination 
of  the  flow  through  them.  Many  of  the  modern  wheels  have  been 
carefully  rated.  Where  such  ratings  have  not  been  made,  usually 
records  of  wheels  of  the  same  type,  though  possibly  of  different 
makes,  can  be  found  and  the  records  be  compared.  Wat-er  wheels  as 
meters  give  fairly  accurate  records  of  the  discharge. 

It  will  be  seen  that  this  method  of  measuring  the  flow  of  streams 
over  dams  and  through  the  wheels  is  somewhat  con^T>Mcated  bvthe 
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ruiiiiberof  records  that  are  taken,  which  inclade  the  height  of  the 
water  on  tlie  crest  of  the  dam,  the  nunil>er  and  size  of  the  gate  open- 
ini^s,  the  time  of  starting  and  stopping  the  wheels,  and  all  changes  of 
.trates;  yet  in  many  cases  the  results  obtained  will  be  more  accurate 
t  Imn  those  derived  from  meter  measui-ements  made  under  unfavorable 
conditions.     A  sample  of  one  of  the  record  sheets  is  given  herewith: 
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When  flashboards  are  used  records  must  be  kept  of  their  height  and 
of  the  time  of  placing  them,  so  that  a  different  formula  can  be  u«ed 
for  flow  over  the  flashboards  than  for  that  over  the  broad-crested  weir. 
It  is  customary  to  use  Francis's  formula  for  sharp-crested  weir  for  com- 
puting the  flow  over  the  flashboards.  Some  of  the  difficulties  encoun- 
tered in  measuring  the  flow  of  streams  by  using  a  dam  as  a  weir  are 
described  in  the  Twenty-first  Annual  Report,  Part  IV,  page  31. 

VEIjOCITY  MEASUliEMENTS. 

The  second  method,  and  the  one  commonly  used  for  determining  the 
flow  of  streams,  is  that  in  which  the  area  of  cross  section  is  multiplied 
by  the  velocity  per  second  of  the  water  passing  through  the  section. 
The  units  commonly  employed  are  those  expressing  the  ai'ea  of  the 
cross  section  in  square  feet  and  the  mean  velocity  in  that  cross  section 
in  feet  per  second.  The  velocity  can  be  measured  by  either  of  the 
following  methods:  (1)  By  means  of  floats;  (2)  by  means  of  current 
meter  or  other  mechanical  device. 

FLOATS. 

This  method  is  employed  only  when  circumstances  do  not  permit 
the  hydrographer  to  use  a  current  meter.  If  possible  the  site  should 
be  on  a  straight  reach  liaving  a  fairly  uniform  cross  section.  Tlie 
flow  of  the  water  should  be  regular,  without  sudden  rapids  or  stretches 
of  still  w^ater,  and  should  exhibit  no  tendencies  to  form  eddies  or  cross 
currents  caused  by  irregularities  in  the  channel  or  resulting  from  the 
eff'ect  of  a  sharp  bend  above  the  reach.  The  course  of  the  floats 
should  have  a  length  of  from  100  to  300  feet,  and  the  areas  of  the 
cross  sections  at  the  upper  and  lower  ends  of  this  coui-se  should  be 
carefully  determined  by  soundings.  In  the  case  of  courees  more  than 
100  feet  in  length  it  is  desirable  that  additional  cix)ss  sections,  spaced 
at  equal  intervals  apart,  should  be  sounded.  As  a  preliminary  step 
a  base  line  should  be  laid  off,  by  tape,  on  the  bank,  as  nearly  n^  ix)s- 
sible  parallel  with  the  stream,  and  points  should  be  marked  opjiosite 
the  cross  sections  to  be  measured.  If  the  stream  is  not  too  wide  the 
soundings  in  a  cross  secticm  can  be  taken  most  conveniently  along  a 
ttigged  ro|>e  stretched  across  the  channel  at  right  angles  to  the  bas4\ 
If  the  depth  does  not  exceed  4  feet  this  can  be  done  by  wading,  the 
depth  being  read  on  a  rod  graduated  to  feet  and  tenths.  Should  the 
depth  of  the  channel  or  the  temperature  of  the  water  make  wading 
impossible,  a  boat  should  be  used.  On  large  rivers,  whenl  a  tag  rope 
can  not  be  employed,  the  boat  from  which  the  soundings  are  to  be 
made  should  be  located  by  simple  triangulation  or  stadia.  Soundings 
should  be  read  to  tenths  of  a  foot  and  be  taken,  preferably,  at  equal 
distanci^s  apart.  In  d(»ep  rivers  a  tagged  rope  or  chain  with  lead 
weight  can  be  substituted  for  the  rixl. 
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In  Teconnaisance  work,  in  which  the  equipment  is  as  a  rale  limited 
by  transportation  facilities,  surface  floats  consisting  of  chips  will  be 
found  most  convenient.  The  nse  of  rod  floats,  though  giving  more 
directly  the  mean  velocity,  has  many  disadvantages  and  should  not 
be  attempted  unless  time  and  opportunity  permit  of  obtaining  floats  of 
the  required  lengths.  In  the  simplest  case  but  one  man  is  needed  to 
make  the  observations.  The  surface  floats  should  be  thrown  into  the 
stream  a  considerable  distance  above  the  first  cross  section.  The 
hydrographer  should  attempt  to  start  the  floats,  successively,  at  dif- 
ferent distances  from  the  shore,  in  order  to  determine  the  velocity  in 
different  parts  of  the  channel.  The  time  of  the  passage  of  each  float 
between  the  upper  and  lower  cross  section  should  be  noteH,  prefer- 
ably by  a  stop  watch,  and  also  the  position  of  each  float  with  respect 
to  the  tags  on  the  ropes.  This  will  enable  the  hydrographer  to 
determine  whether  or  not  he  succeeds  in  covering  the  different  parts 
of  the  stream,  and  it  will  serve  as  an  aid  in  the  computation.  The 
observations  should  be  continued  until  all  parts  of  the  stream  have 
been  covered. 

On  wide  rivers  range  poles  should  be  established  on  opposite  shores 
to  mark  the  upper  and  lower  cross  sections.  The  location  of  each  float 
as  it  crosses  these  imaginary  lines  can  readily  be  recorded  by  triangu- 
lation.  A  light  traverse  plane  table  will  be  found  especially  useful 
ill  obtaining  a  graphic  record. 

Ill  case  rod  or  tube  floats  are  employed  care  should  be  taken  to  select 
their  lengths  to  suit  the  depths  of  the  channel.  They  should  be 
weighted  and  adjusted  as  to  depth  of  immersion  so  as  to  move  in  a 
vertical  position,  the  bottom  clearing  the  bed  of  the  stream  sufficiently 
to  avoid  contact  with  irregularities  and  the  top  projecting  far  enough 
above  the  water  to  be  plainly  visible.  The  velocity  indicated  by  a 
rod  or  tube  float  is  slightly  in  excess  of  the  mean  velocity  of  the  path 
traversed,  the  error  being  mainly  traceable  to  the  distance  between 
the  bottom  of  the  float  and  the  bed  of  the  river,  the  slowest  velocities 
not  being  taken  into  account.  As  a  rule  the  error  is  small  enough  to 
be  negligible  in  this  class  of  work,  and  the  velocities  so  obtained  may 
be  regarded  as  i*epresenting  mean  velocities. 

The  method  of  gaging  streams  by  the  aid  of  floats  can  be  simplified 
or  elaborated  according  to  the  nature  of  the  case  and  the  time  and 
facilities  at  the  command  of  the  hydrographer. 

In  making  the  computation  the  area  of  the  cross  section  is  obtained 
b}^  averaging  the  areas  of  all  the  cross  sections  measured,  provided 
they  are  taken  at  equal  distances  apart.  Care  should  be  exercised 
to  exclude  from  the  computation  all  areas  of  still  water  along  the 
shores.  The  float  measurements  should  be  grouped  and  reduced  to 
form  a  set  of  velocities  about  equally  distributed  across  the  channel, 
and  the  mean  of  this  set  be  taken  to  represent  the  mean  surface 
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velocity  of  the  stream.  The  mean  velocity  for  the  entire  stream  mar 
then  be  assumed  to  be  0.8  of  the  former.  For  the  average  stream  this 
relation  is  close  enough  for  all  practical  purposes,  provided  the  motion 
of  the  floats  is  not  affected  by  wind.  For  that  reason  floats  should  be 
selected  which  while  being  easily  discernible  do  not  project  unneces- 
sarily above  the  water. 

While  this  method  of  gaging  does  not  yield  accurate  results,  it  i> 
useful  in  reconnaissance  work.  Aside  from  the  uncertainties  enter- 
ing into  the  observations,  the  assumptions  on  which  the  methods  of 
observation  and  computation  are  based  introduce  additional  sources 
of  error,  and  the  method  should  not  be  used  at  regular  gaging  sta- 
tions. 

CURRENT  METERS. 

The  mean  velocity  in  a  vertical  can  be  determined  with  the  current 
meter  In  three  ways:  (1)  By  making  point  measurements  at  a  depth 
corresponding  to  the  approximate  position  of  the  thread  of  mean 
velocity;  (2)  by  deducing  the  mean  velocity  from  observations  made 
at  other  x)oint8  in  the  same  vesical;  and  (3)  by  the  integration 
method. 

UNIT  MEASUREMENTS. 

Studies  of  the  vertical  velocity  curve  made  on  the  Mississippi  by 
Humphreys  and  Abbot,  on  the  Connecticut  by  T.  G.  Ellis,  on  the 
Merrimac  flume  by  Wheeler  and  Lynch,  on  the  Potomac  by  C.  C. 
Babb,  and  recent  experiments  by  others,  notably  those  at  Cornell 
University  by  E.  C.  Murphy,  indicate  that  the  position  of  the  thread 
of  mean  velocity  in  a  given  vertical  section  occurs  at  a  depth  varying 
from  six-tenths  to  two-thirds  of  the  total  depth  of  the  seetioiL 
measured  from  the  surface  down.  The  values  found  in  the  experi- 
ments mentioned  were  as  follows: 

Depth. 

C.C.Babb    0..58 

Humphreys  and  Abbot  .  63 

T.  G.  Ellis 64 

Wheeler  and  Lynch ..     .67 

The  Cornell  experiments  indicate  that  measurements  made  at  0.^^^' 
of  the  depth  yield  results  4.7  per  cent  too  large,  the  depth  of  meaa 
velocity  corresponding  more  nearly  with  the  values  obtained  by 
Wheeler  and  Lynch.  In  this  connection  it  should  be  noted  that  th*- 
Cornell  experiments,  as  well  as  those  of  Wheeler  and  Lynch,  wen 
made  in  canals  and  flumes,  the  cross  sections  of  which  have  a  greats " 
ratio  of  depth  to  width  than  those  of  the  Mississippi,  ConneetieaT. 
and  Potomac  rivers.  That  this  difference  in  the  ratio  of  depth  t' 
width  is  a  factor  likely  to  affect  the  position  of  mean  velocity  will  Ir 
seen  from  the  following  considerations: 
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It  is  a  well-established  fact  that  owing  to  the  roughness  of  the  lin- 
ing of  a  channel,  be  the  projections  ever  so  minute,  particles  of  water 
are  continually  deflected  from  the  sides  of  the  channel,  the  deflection 
naturally  taking  place  in  the  direction  of  least  resistance,  i.  e.,  toward 
the  surface  and  center  of  the  stream.  This  causes  a  constant  upward 
flow  along  the  sides  of  the  channel,  and  a  surface  flow  toward  the 
center,  with  a  tendency  to  lower  the  i)osition  of  the  thread  of  maxi- 
mum velocity  in  any  given  vertical  and  in  the  entire  stream.  This 
depression  of  the  maximum  velocity  is  known  to  become  more  pro- 
nounced as  the  roughness  of  the  lining  increases.  It  also  increases 
with  the  steepness  of  the  banks  and  as  the  ratio  of  depth  to  width 
Increases. 

In  the  extreme  case  of  a  wide,  shallow  stream,  where  the  bottom 
merges  imperceptibly  into  the  banks,  maximum  velocity  occurs  under 
normal  conditions  at  or  very  near  the  surface  of  the  center  of  the 
stream.  On  the  other  hand,  in  a  deep,  narrow  channel,  as,  for 
instance,  in  a  flume  with  vertical  sides,  maximum  velocity  occurs  a 
considerable  distance  below  the  surface,  and,  as  the  Cornell  experi- 
ments indicate,  this  depression  may  amount  to  as  much  as  one-third, 
and  even  two-fifths,  of  the  total  depth. 

Evidentl3%  in  such  cases  depression  of  maximum  velocity  must 
result  in  a  lowering  of  the  thread  of  mean  velocity,  and  hydrographers 
In  making  unit  measurements  for  mean  velocity  should  therefore 
bear  in  mind  that  while  observations  at  0.60  depth  give  fair  values 
for  mean  velocity  in  wide,  shallow  rivers,  this  ratio  should  be 
increased  to  0.67  depth  in  the  case  of  canals  and  flumes  or  narrow 
and  deep  natural  channels. 

MULTIPLE  MEASUREMENTS. 

The  following  methods  are  in  use:  (1)  Observations  at  top  and 
bottom;  (2)  observations  at  mid  depth;  (3)  observations  of  surface 
velocity;  and  (4)  observations  at  a  series  of  points  in  a  vertical. 

(1)  By  the  first  method  measurements  are  made  in  each  vertical  as 
near  the  bottom  as  the  construction  of  the  meter  will  permit,  also 
just  below  the  surface.  The  mean  of  the  results  so  obtained  is  taken 
JUS  the  mean  velocity.  This  method  should  never  be  used  except  in 
streams  shallow  in  comparison  with  their  width.  The  method  assumes 
that  the  vertical  velocity  curve  is  a  straight  line,  a  condition  which 
L^xists  in  very  few  streams.  In  all  streams  where  the  depression  of 
maximum  velocity  is  material  the  mean  velocities  obtained  by  this 
method  are  invariably  too  small. 

(2)  The  second  method  consists  of  making  measurements  at  mid 
depth,  and  taking  about  95  per  cent  of  the  result  to  obtain  the  mean 
velocity.  This  method  at  best  is  unsatisfactory,  as  the  velocity  at  raid 
depth  can  not  be  said  to  bear  a  constant  relation  to  the  mean  velocity. 


20  METHODS   OF   STBEAM   HEASXTBEMETTT. 

(3)  Measurements  of  surface  velocity  are  frequently  the  only  meas- 
urements obtainable,  as,  for  instance,  in  streams  of  great  .velocity 
during  a  flood  stage,  when  it  becomes  impossible  to  lower  the  current 
meter  or  to  maintain  its  position  at  a  desired  depth.  In  such  cases 
the  only  course  left  is  to  measure  surface  velocity  and  deduce  the 
mean  velocity  from  it  by  multiplying  the  former  by  a  factor.  Tht^ 
error  in  this  method  is  the  assumption  that  surface  velocity,  or  the 
velocity  indicated  by  the  current  meter  just  below  the  surface,  bears 
some  direct  relation  to  the  mean  velocity.  From  the  foregoing  dis- 
cussion it  will  be  apparent  that  the  assumption  is  not  correct,  and 
considerable  judgment  should  be  exercised  in  computing  the  mean 
velocity.  Where  from  the  nature  of  the  conditions  it  appears  that 
the  surface  velocity  practically  represents  the  maximum  velocity,  a 
factor  of  0.8  should  be  taken;  while  incase  the  maximum  velocity 
occurs  lower  down,  a  factor  of  0.9,  and  even  of  1.0,  should  be  used 
to  obtain  the  mean  velocity. 

(4)  The  fourth  and  most  accurate  method  is  to  make  measurements 
at  regular  intervals  in  a  vertical,  plotting  the  velocities  so  obtained 
on  cross-section  paper,  and  determining  the  value  of  the  mean  veloc- 
ity by  dividing  the  area  inclosed  by  the  curve  by  the  total  depth. 

INTEGRATION  HBTHOD. 

By  moving  the  current  meter  uniformly  in  a  vertical  from  the  sur- 
face downward  until  the  bottom  is  reached,  then  moving  it  upward, 
repeating  the  operation  as  often  as  desired,  the  velocities  in  the  ver- 
tical are  integrated  mechanically,  and  the  mean  velocity  can  be  com- 
puted by  noting  the  time  and  the  number  of  up  and  down  movements 
made.  Care  should  be  taken  that  the  motion  is  uniform  and  suffi- 
ciently slow  to  prevent  the  introduction  of  large  errors  into  the 
resultant  velocities,  due  to  the  up  or  down  motion  of  the  meter. 
IStearns's  experiments  indicate  that  in  moving  the  Fteley  meter  at  a 
velocity  not  to  exceed  5  per  aent  of  the  velocity  of  the  current  no 
material  errors  are  introduced.  The  construction  of  the  meter  should 
always  be  taken  into  account  in  considering  or  allowing  for  errors  of 
this  kind.  Thus  in  the  use  of  the  Fteley  meter  a  too  rapid  up  or 
down  motion  causes  a  decrease  in  the  velocity  indicated,  while  with 
the  Price  meter,  or,  indeed,  with  any  form  of  meter  adjusted  to  head 
in  the  direction  of  the  resultant  velocity,  the  results  will  be  too  large. 
For  both  kinds  of  meter,  however,  the  errors,  whether  negative  or 
positive,  will  be  largest  in  integrating  low  velocities. 

Aside  from  the  method  just  described,  integration  of  the  entire 
cross  section  of  a  stream  can  be  made  by  moving  the  meter  obliquely 
up  and  down,  starting  at  one  bank  and  proceeding  across  the  stream. 
This  method  has  a  limited  application,  for  in  the  first  place  the 
measurement  must  be  made  from  a  bridge  or  by  wading,  and  in  the 
second  place  the  time  of  the  up  and  down  motions  must  be  varied  pro- 
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portionately  to  the  depth,  which  in  an  irregular  channel  requires  con- 
siderable computation.  The  method  is  employed  to  best  advantage 
on  Humes,  where  the  depth  is  uniform  and  where  a  plank  can  be 
thrown  across  at  any  suitable  point  to  permit  the  hydrographer  to 
proceed  gradually  across  the  channel. 

GAGING  STATIONS. 

In  the  selection  of  sites  for  x)ermanent  gaging  stations  much  depends 
upon  the  judgment  and  discretion  of  the  hydrographer.  If  possible 
the  section  selected  should  be  in  a  straight  portion  of  the  channel, 
where  the  flow  is  regular  and  free  from  natural  or  artificial  obstruc- 
tion. Sections  near  bridges  which  contain  accumulations  of  brush 
and  snags  in  which  current  meters  are  likely  to  become  entangled 
should  be  avoided,  also  proximity  to  dams,  either  above  or  below  the 
station.  It  is  important  that  the  banks  be  fairly  high  and  not  likely 
to  overflow  except  at  unusually  high  stages  of  the  river,  and  that  the 
bed  should  exhibit  no  tendencies  to  shift  or  be  subject  to  other 
changes  produced  by  scouring  out  or  filling  in  of  sediment. 

A  river  channel  is  often  obstructed  by  piers  and  cofferdams,  which 
set  up  cross  currents  and  render  it  impossible  to  obtain  accurate 
measurements  in  their  vicinity.  In  such  cases  other  points  of  meas- 
urement must  be  selected  and  other  means  of  making  them  be 
employed.  Where  the  streams  are  deep  boats  are  used  (Pis.  VI,  -4, 
VII,  and  VIII)  or  cables  are  suspended  out  of  reach  of  flood  water.  In 
some  localities  boats  possess  a  certain  advantage,  but  where  they  can 
not  be  hired  at  moderate  outlay  it  has  been  deemed  impracticable  to 
purchase  and  keep  them,  for  they  are  likely  to  be  injured  or  stolen 
during  the  intervals  between  measurements. 

It  is  desirable  that  the  gage  be  set  so  that  no  minus  readings  will 
occur — the  zero  being  placed  say  1  foot  below  the  lowest  known 
stage;  but  information  on  this  point  obtained  from  the  oldest  inhab- 
itants will  often  be  found  erroneous  or  unreliable,  and  a  safe  margin 
should  be  allowed. 

Where  possible  twoor  more  gages  should  be  established  ateach  station, 
being  connected  by  level  lines,  so  that  the  slope  of  the  water  surface 
can  be  read  at  various  elevations. 

It  should  be  borne  in  mind  by  the  hydrographer  in  the  field  that 
tlie  object  is  to  obtain  data  of  the  most  value  to  the  public.  Work 
that  has  only  local  application  or  is  limited  in  scope  should  not  be 
undertaken.  In  entering  upon  an  investigation,  or  in  preparing  a 
report  of  the  results  of  the  work,  full  information  should  be  given 
regarding  its  purpose,  and  mention  should  be  made  of  all  facts  which 
in  any  way  affect  its  value.  The  simple  statement  that  a  certain 
stream  was  carrying  at  a  specified  time  a  stated  amount  of  water  is 
in  itself  important,  but  its  value  can  be  greatly  increased  by  the 
statement  of  additional  facts,  such  as,  for  instance,  the  reason  for 
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making  the  measurements,  the  character  of  the  drainage  basin  above 
and  below  the  station,  and  the  changes  in  the  behavior  of  the  stream 
which  may  have  been  produced  by  annual  fluctuations  in  the  run-off, 
by  excessive  temperatures,  by  artificial  obstructions  or  diversions  of 
the  water,  or  otherwise.  Facts  of  this  character  usually  are  well 
known  to  the  hydrographer  at  the  time  he  makes  his  report,  and  may 
appear  to  him  too  trivial  to  mention;  but  it  should  be  remembered 
that  the  figures  which  he  submits  will  be  used  again  and  again  by 
persons  who  do  not  understand  the  local  conditions,  and  for  that 
reason  may  be  misapplied. 

The  object  of  daily  observations  is  to  procure  material  for  the 
computation  of  discharge.  If  the  conditions  at  a  station  are  such  that 
the  readings  can  not  be  made  with  a  reasonable  degree  of  accuracy, 
the  observations  should  not  be  continued.  The  difficulties  mav  arijje 
from  several  causes — from  the  irregular,  shifting  character  of  the 
channel,  from  the  impossibility  to  obtain  reliable  gage  heights  i^nd 
soundings,  or  from  the  inability  of  the  resident  hydrographer  to  \isit 
the  place  at  proper  times  and  seasons.  It  is  necessary,  therefore,  U^ 
carefully  consider  from  time  to  time  the  advisability  of  maintaining 
stations  already  established,  in  order  that  efforts  may  not  be  wasted 
in  continuing  readings  of  dubious  value. 

BRIDGE  STATIONS. 

Because  of  the  permanency  of  their  character,  the  small  expense 
involved,  and  the  great  freedom  of  movement  which  they  permit  iht 
hydrographer,  bridges  are  preferred  for  gaging  stations  and  for  tht- 
making  of  discharge  measurements.  (See  Pis.  VI,  By  and  VII,  .4] 
High  trestles  and  railroad  deck  bridges  should,  however,  be  avoide^i. 
for  they  unnecessarily  expose  the  hydrographer  to  danger.  Coverv*! 
bridges,  unless  provided  with  numerous  windows,  are  not  desirabii-. 
for  they  limit  the  operations.  Bridges  that  are  to  be  used  as  pernui* 
nent  gaging  stations  should  be  marked  once  for  all,  either  on  tb- 
guard  timber  or  in  some  other  conspicuous  place,  with  stendlt^ 
figures,  say  5  or  10  feet  apart,  indicating  sections  and  points  f^r 
measurement.  In  case  a  stencil  is  not  available  nails  or  tacks  C3£ 
be  used  to  advantage. 

CABLE  STATIONS. 

Frequently  it  is  impossible  to  establish  a  permanent  gaging  statio!i 
at  a  bridge.  In  that  case  the  wire  cable  of  a  ferry  can  be  ntilia*<i 
or,  if  that  is  not  available,  a  permanent  wire  cable  can  be  svmuc 
across  the  river.  For  spans  of  average  length  a  galvanized  win 
cable  three-fourths  of  an  inch  in  diameter  is  safe.  It  should  be  sap- 
ported  on  each  bank  by  means  of  high  struts  or  by  passing  it  thn>nei) 
the  crotch  of  a  tree.  The  cable  should  be  run  into  the  ground  as^ 
anchored  securely  to  a  *  *  dead  man "  buried  at  least  3  feet  below  tk 
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surface.  In  the  portion  of  the  cable  between  the  strut  and  the  **dead 
man"  a  turn-buckle  should  be  inserted  so  as  to  permit  tightening  the 
cable  when  it  begins  to  sag. 

A  few  feet  above  the  cable  a  wire,  provided  with  tags  5  or  10  feet 
apart,  should  be  stret-ched  across  the  stream  to  serve  the  same  pur- 
pose as  the  stenciled  distances  on  the  bridge  already  referred  to. 
For  this  purpose  the  ordinary  twisted  barbed  fence  wire  has  been 
found  very  useful,  as  the  tags  can  be  fastened  firmly  so  that  they  will 
not  slip  from  side  to  side,  and  barbed  wire  is  less  likely  to  be  stolen 
than  the  ordinary  smooth  wire.  The  best  tags  are  made  of  metal  3  to 
4  inches  wide,  deeply  notched  so  as  to  indicate  at  a  glance  the  distance 
from  the  initial  i)oint.     (See  Pis.  VII,  B^  and  VIII.) 

A  box  large  enough  to  hold  two  men  should  be  constructed  and 
suspended  from  the  cable,  by  means  of  cast-iron  pulley  wheels,  in 
such  a  manner  that  it  can  be  run  freely  in  either  direction.  (See  Pis.  I, 
IX,  and  X,  A.)  An  iron  or  wooden  bar  lying  horizontal  and  parallel 
with  the  cable  should  connect  these  pulleys  so  as  to  hold  them  apart. 
The  cable  should  be  high  enough  above  the  river  so  that  there  will  be 
no  danger  of  the  box  striking  the  water  during  floods. 

ROD  GAGES. 

Well-seasoned  timber  should  be  selected  for  the  construction  of  rod 
{?Hges,  the  usual  size  being  5-inch  by  1-inch  or  6-inch  by  1-inch  boards, 
with  at  least  one  face  planed.  The  rods  should  be  graduated  to  feet 
and  tenths,  the  graduations  being  painted  in  black  on  white  ground, 
the  even-foot  marks  being  conspicuously  indicated  by  painted  or  brass 
figures.  The  datum  used  is  immaterial,  provided  the  zero  of  the  rod 
is  covered  by  water  at  even  the  lowest  stages,  so  as  to  obviate  the 
use  of  minus  readings.  Care  should  be  taken  to  set  the  rod  verti- 
cally. In  case  the  gage  is  at  a  bridge  station  it  will  generally  be 
found  possible  to  spike  it  securely  to  an  abutment  or  pier,  where  it 
can  easily  be  read  from  the  shore  and  not  be  carried  away  by  ice  or 
floating  debris.  At  cable  stations  the  rod  should  be  spiked  to  a  tree 
stranding  in  the  water,  or,  if  a  tree  is  not  available,  it  can  be  bolted  to 
a  ledge  in  the  stream. 

Frequently  it  will  be  found  best  to  incline  the  rod,  if  it  can  not 
be  secured  in  a  vertical  position  without  danger  of  being  swept  away. 
An  inclined  gage  should  be  held  in  place  by  long  stakes  driven  into 
the  ground,  and  no  graduations  should  be  marked  on  it  until  it  has 
been  properly  fastened.  The  slope  of  the  rod  should  then  be  accu- 
rately determined  by  the  aid  of  a  surveyor's  level,  and  the  length  of 
the  graduations  be  computed  on  the  basis  that  one  division  on  the 
rod  corresponding  to  1  foot  vertical  is  equal  to  the  cosecant  of  the 
angle  of  inclination  of  the  rod,  in  feet.  It  may  be  found  more  con- 
venient to  secure  the  gag&  rod  in  position  and  then  graduate  it  by  the 
use  of  an  engineer's  level.     To  put  the  graduations  on  an  inclined 
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f^age,  particularly  on  that  portion  extending  under  water,  metal  strips 
will  be  found  most  convenient.  They  can  be  nailed  on  without  diffi- 
culty, and  are  more  permanent  than  paint. 

WIRE  GAGES. 

Wire  gages  will  be  found  useful,  especially  on  high  bridges  where 
it  is  diflBeult  to  read  with  accuracy  the  water  level  on  a  vertical  n^ 
gage  or  where  the  abutments  or  banks  are  not  favorable  for  the  erec- 
tion of  any  other  form  of  gage.  A  rod  gage  graduated  to  feet  and 
tenths  in  the  manner  alread}'^  described  can  be  utilized  for  this  pur- 
pose, being  nailed  in  a  horizontal  position  along  the  bridge  rail  or 
guard  timber.  The  fluctuations  of  the  water  level  are  noted  on  this 
gage  by  lowering  a  weight  attached  to  a  wire  or  chain  provided  with 
a  pointer  or  marker  which  is  made  to  run  along  the  graduations  of 
the  rod.  The  position  of  the  pointer  is  read  on  the  rod  when  the 
bottom  of  the  weight  just  toucaes  the  surface  of  the  water.  TTie 
movement  of  the  weight  and  wire  is  facilitated  by  means  of  a  small 
cast-iron  pulley  fastened  to  the  side  of  the  bridge.  Wire  gages  can 
also  be  used  in  other  places,  as  illustrated  in  PI.  X,  B. 

Experience  has  shown  the  necessity  of  frequently  testing  the  wire 
gages  and  correcting  them  to  the  original  length.  Great  confusion  i'^ 
introduced  in  computations  unless  the  gages  are  kept  within  a  tenth 
of  a  foot  or  less  of  the  correct  length.  When  installed  the  gage 
should  be  so  arranged  and  permanent  marks  be  so  made  that  the 
length  of  the  gage  can  readily  be  tested.  The  description  i»f  the 
method  used  to  accomplish  this  result  should  be  written  plainly,  so 
that  it  will  be  understood  by  all  concerned,  and  sent  to  the  Sur\'ey, 
where  copies  can  afterwards  be  obtained. 

The  wire  gages  should  be  tested  under  as  nearly  as  possible  the 
same  conditions  as  those  under  which  the  height  of  the  water  is 
measured,  that  is,  with  the  weight  hanging  vertically.  A  substantial 
mark  or  stop  should  be  so  placed  that  the  upper  or  lower  end  of  the 
weight  will  be  brought  against  it,  and  a  moderate  pull  givea  to  the 
wire  will  remove  all  kinks  or  bends.  The  best  weights  for  tbeee  gages^ 
are  the  ordinarj-  ones  used  for  window  sashes,  weighing  from  7  to  K' 
pounds  each.  The  weight  should  be  attached  to  a  flexible  'wire  or 
chain.  The  most  satisfactory  is  probably  one  of  the  composition  or 
brass  chains  used  for  heavy  windows,  as  that  stretches  less  than  a 
^  twisted  wire.  Objection  to  the  chains,  however,  is  found  in  the  fact 
that  in  exposed  positions  they  are  more  likely  to  be  stolen  tluui  is  \\w 
wire.  It  is  preferable  to  box  in  the  chain  or  wire  by  long  nam** 
strips  placed  horizontally  on  the  bridge.  One  of  these  strips  can  h»t 
arranged  as  a  cover,  so  that  access  to  the  wire  can  l>e  had.  Thi^ 
cover  can  be  hinged  and  liukl  in  place  by  ^  padlock.  With  such  an 
arrangement  the  chain  is  usually  not  disturbed. 
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Great  care  shoald  be  given  to  joining  the  cord  or  chain  and  the 
weight  to  the  handle  at  the  other  end  so  that  there  can  be  no  slip- 
ping. The  wire  cord  should  be  placed  through  the  eye  of  the  weight, 
bent  back,  and  carefully  wound  and  tied.  In  the  same  way  the 
handle,  if  used  as  the  index,  should  be  fastened  firmly.  It  is  prefer- 
able, however,  to  place  the  index  beyond  the  handle,  and  in  such  a 
way  that,  although  perfectly  firm,  it  can,  if  the  wire  stretches,  be 
moved  for  the  purpose  of  adjusting.  Any  adjustment  that  is  made 
should  be  reported  at  once,  so  that  the  records  can  be  corrected. 

BENCH  MARKS. 

Wherever  it  is  intended  that  permanent  records  shall  be  kept  it 
is  of  the  greatest  importance  that  the  relation  between  the  datum 
of  the  gage  and  one  or  more  fixed  points  be  determined.  Such  refer- 
ence marks,  generally  known  as  bench  marks  and  indicated  by  the 
symbol  B.M.,  may  consist  of  a  United  States  Geological  Survey  stand- 
ard bronze  or  aluminum  tablet,  or  a  copper  plug  set  in  a  drill  hole  in 
a  rock;  or,  in  case  neither  of  these  can  be  had,  a  cross  cut  in  a  ledge, 
or  the  head  of  a  wire  nail  driven  into  the  root  or  stem  of  a  tree,  will 
serve  the  purpose.  In  every  instance  it  is  desirable  to  have  more 
than  one  reference  mark,  in  order  to  insure  against  removal  or  acci- 
dent. A  surveyor's  level  and  leveling  rod  should  be  used  in  deter- 
mining the  difference  in  elevation  between  some  stated  foot  mark  on 
the  rod  and  the  bench  marks.  In  the  case  of  wire  gages,  aside  from  the 
precautions  just  mentioned  the  difference  of  elevation  between  the 
water  surface  and  the  bench  mark  should  be  obtained  by  leveling  and 
the  gage  reading  for  that  particular  stage  be  noted,  from  which  data 
H  permanent  relation  can  be  deduced,  and  a  gage,  if  found  disturbed, 
can  at  any  time  be  verified  and  reestablished  in  its  former  position. 

Full  descriptions  of  bench  marks  should  be  made  and  forwarded  to 
the  Survey,  where  they  will  be  kept  on  file  for  future  reference. 
Ilydrographers  are  required  to  test,  with  the  aid  of  a  level,  the  cor- 
rectness of  each  gage  at  least  once  a  year;  oftener  if  necessary. 

STAY   LINES   AND   TROLLEY   EQUIPMENT. 

When  the  velocity  of  the  water  is  considerable — as,  for  example, 
more  than  5  or  6  feet  a  second — the  sounding  line  and  meter  are  likely 
to  be  swept  backward  down  the  stream,  so  that  it  is  often  necessary 
to  provide  an  additional  stay  line.  This  consists  of  a  cable  or  smooth 
-wire  stretched  across  the  stream  from  50  to  100  feet  above  the  bridge 
or  cable  from  which  measurements  are  made.  A  small  twisted  wire 
clothesline  or  sash  cord  can  be  used  for  the  purpose.  It  should  be 
anchored  at  both  ends  and  supported  in  a  manner  similar  to  the 
main  cable.  On  this  smooth  wire  a  small  pulley  is  placed,  which 
travels  freely  from  side  to  side  of  the  river,  and  from  the  pulley  a 
small  flexible  cord  leads  diagonally  downstream.    This  can  be  attached 
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to  the  end  of  the  sounding  rod,  thus  holding  it  in  place;  or  a  l)ne  wire 
can  be  similarly  fastened  near  the  head  of  the  meter,  so  that  wlen 
the  instrument  is  lowered  it  will  be  prevented  from  being  carrinl 
backward  or  tilted  by  the  force  of  the  current.  Usually  the  guy  line 
adjusts  itself  as  the  hydrographer  moves  from  one  side  of  the  stream 
to  the  other. 

A  method  of  manipulating  this  stay  line  from  a  bridge  is  showi, 


Fia.  1. — Method  uf  manipalating  stay  line  from  small  cable. 

in  fig.  1,  in  which  case  a  small  cable  or  stay  wire  is  stretched  acn.^'* 
the  river  above  the  bridge,  and  a  trolley  or  double  pulley  (a,  b)  N 
placed  on  it.  The  stay  line  (c)  runs  from  the  bridge  to  the  smal' 
trolley  (6)  and  back  (c)  to  the  meter  (g).  As  the  instrument  is  ^^o^>I 
along  the  bridge  the  trolley  on  the  cable  follows  the  movement.  Th' 
meter  is  raised  and  lowered  by  the  cord  d.  When  the  meter  i^ 
immersed  in  the  swift  water  it  is  swept  downstream  and  the  cords  atv 
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stretched  to  the  position  a',  e',  d',  but  by  a  nlight  adjastinent  the  meter 
Clin  be  drawn  to  the  desired  spot.  Another  device  is  shown  in  fig.  2. 
A  further  use  of  stay  lines  has  lieen  Hiicccssfutly  tried  and  adopted 
on  a  few  streams  where  the  conditions  were  favorable.  It  is  known  as 
the  cable  and  traveler  method,  and  is  descril)ed  in  the  Eleventh  Annual 
Report,  Part  II,  p^e  16.  By  means  of  a  suitable  number  of  wires  and 
t'ordw  it  has  been  fonnd  possible  to  hold  the  niet<T  at  different  places 


Fm.  2.-  Mrthoa  of  sttarhin(t  kIkj-  Ime  to  m,-u-r  by  unci  of  [jole. 

in  tlm  stream  while  the  hydrographer  remains  on  theshoi-e.  The  meter 
is  run  outon  the  main  cable  by  means  of  halyards,  and  is  lowered  and 
r»ise<l  by  a  double  incandescent- light  con],  or  insnlaled  wire,  which 
serves  the  purpose  of  conveying  the  electric  current  from  the  batl«rj' 
and  instrument  on  shoi-e  to  the  meter  and  of  attting  as  a  suspending 
and  sounding  cord.  The  stay  line  just  mentioned  is  fastened  to  a 
pulley  which  travels  aen»ss  the  river  on  a  second  smaller  cable  placed 
nlMive  the  main  cable.     The  lower  end  of  this  stay  line  holds  tlie  meter 
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and  prevents  it  from  being  swept  downstream.  By  manipulating  the 
various  ropes  the  meter  can  be  held  in  any  position  in  the  cross  sec- 
tion, the  revolutions  being  reported  by  an  electric  sounder  near  the 
observer. 

In  the  same  manner  soundings  can  be  made  quickly  and  accurately, 
the  rod  being  held  in  a  vertical  position  by  the  stay  line,  and  the 
depth,  if  necessary,  being  read  from  the  amount  of  movement  of  the 
cords  on  shore,  the  sounding  and  insulated  circuit  cord  beiiig  grmhi- 
ated  to  correspond  with  the  marks  on  the  sounding  rod. 

With  careful  training  and  experience  one  man  can  do  all  of  the 
work  of  gaging  more  easily,  it  is  probable,  by  this  method  than  by  any 
other.  As  stations  are  at  present  located,  however,  in  most  of  the 
basins  it  is  necessary  for  the  hydrographer  to  have  an  assistant,  and 
even  at  stations  which  can  easily  be  reached  by  rail  it  is  found  eco- 
nomical to  employ  the  resident  gage  observer,  for  the  few  hours 
consumed  in  making  the  measurements,  «is  helper  or  recorder  of  notes. 

At  time  of  high  water  it  ma}''  be  difficult  to  count  the  revolutions 
of  the  meter,  owing  to  the  velocity  of  the  current.  It  may  even  be 
impossible  to  keep  the  meter  in  the  water,  the  tendency  of  the  cur- 
rent being  to  throw  it  downstream  and  toward  the  surface.  It  is  some- 
times possible,  however,  to  obtain  a  count  of  the  revolutions  of  the 
meter  by  means  of  an  electric  counter  when  the  speed  is  several  times 
greater  than  can  be  counted  by  the  hydrographer  from  observation. 

OBSERVERS. 

The  work  of  reading  gages  requires  no  special  educational  attain- 
ments, the  main  requisite  being  faithfulness  and  regularity  in  the  dis- 
charge of  the  duties  assigned.  It  is  generally  advantageous  to  employ 
persons  who  from  long  residence  in  the  locality  are  familiar  with  the 
river  and  evidence  an  interest  in  t  he  matter.  The  hydrographer  should 
satisfy  himself  that  the  observer  fully  understands  his  duties,  and  he 
should  spare  no  pains  to  make  clear  the  manner  of  reading  the  i-od, 
calling  attention  particularly  to  the  fact  that  the  graduations  are  feet 
subdivided  into  tenths  and  not  into  inches.  Instructions  should  be 
left  with  the  observer,  telling  him  how  to  proceed  in  case  of  accident 
to  the  gage,  and  to  telegraph  the  fact  to  the  hydrographer  in  charge 
of  the  station.  A  book  (form  9-175)  is  furnished  the  observer  in 
which  to  record  each  day  the  stage  of  the  river  and  the  time  of  the 
observation.  At  the  end  of  each  week  he  is  required  t-o  fill  in  a  mail- 
ing card  (form  9-17(5)  containing  the  record  for  the  week,  and  send  it 
to  the  hydrographer  in  charge  of  the  station. 

The  blanks  provided  for  the  use  of  the  observer  have  space  for 
remarks.  This  space  is  intended,  as  is  noted  at  the  bottom  of  the 
blank,  for  the  insertion  of  facts  concerning  rain,  snow,  change  of 
weather,  and  other  conditions  likely  to  affect  the  height  of  the  stream. 
It  is  expected  that  during  floods  notes  will  be  made  of  the  rate  at 
which  the  water  rises,  of  the  extreme  height  reached,  and  of  the  hour 
at  which  the  maximum  stage  occurs.     Observers  are  likely  to  care- 
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lessly  omit  memorandums  of  this  character,  and  their  attention  should 
be  called  to  the  matter  from  time  to  time,  for  it  is  essential  that  these 
minor  details  be  noted,  in  order  that  the  changes  in  the  height  of  the 
stream  may  be  interpreted  correctly. 

In  case  of  a  sudden  rise  of  the  stream  frequent  readings  should  be 
made,  and  at  the  time  the  observer  is  hired  he  should  be  instructed  when 
iuid  how  often  to  make  extra  readings;  otherwise  in  **flashy"  streams 
a  flood  may  pass  between  two  observations  without  being  noted. 
When  practicable  the  resident  hydrographer  should  arrange  tor  the 
observer  to  t-elegraph  him  when  an  unusually  high  stage  seems  immi- 
nent, so  that  high-water  measurements  can  be  made. 

The  remuneration  paid  to  observers  varies  from  12  to  $5  a  month, 
according  to  the  distance  they  live  from  the  place  of  observation  and 
the  extent  of  their  duties. 

The  principal  work  of  the  hydrographer  is  the  measurement  of  the 
streams  at  the  stations  in  the  district  assigned  to  him,  but  his  super- 
vision of  the  stations  should  be  such  that  he  will  know  that  the  local 
observers  are  careful  and  accurate  in  their  readings  and  reports.  At 
the  time  a  station  is  established'  the  reasons  controlling  the  selec- 
tion of  that  particular  locality  should  be  carefully  recorded,  and  after 
the  work  is  begun  vigilance  should  be  exercised  to  see  that  the 
recoi"ds  of  the  gage  heights  and  the  discharge  measurements  made 
can  bj'^  proper  interpretation  be  converted  into  quantities  of  dis- 
charge. The  observer  should  be  required  to  fill  in  the  blanks  fully 
and  carefully,  for  these  original  records  are  prestM'ved  in  the  files  of 
the  Survey.  Carelessness  in  forming  the  figures  or  in  omitting  the 
dates  or  other  details  should  be  promptly  checked,  and  reports  (•f 
that  character  should  be  copied  at  once  and  returned  to  the  observer 
with  the  request  that  the  details  lacking  be  supplied. 

One  of  the  greatest  difficulties  in  the  work  as  now  conducted  is  to 
obtain  accurate  and  reliable  reports  from  the  observers,  who  are  not 
at  all  times  alive  to  the  importance  of  accuracy.  For  this  reason  the 
readings  of  the  observers  should  be  verified  occasionally,  and  if  there 
is  a  well-founded  suspicion  that  at  any  time  heights  are  reported 
which  are  not  actually  observed,  the  observer  should  be  reprimanded 
an<l  if  necessary  the  station  be  discontinued.  It  is  better  to  discon- 
tinue a  station  than  to  have  records  that  are  open  to  suspicion. 
In  a  case  where  it  is  impracticable  for  the  observer  to  make  regular 
readings  the  fact  should  be  noted  in  the  report,  in  the  "Remarks" 
column,  and  he  should  have  impressed  upon  him  the  fact  that  it  is 
l>etter  to  report  that  observation  was  not  made  than  to  attempt  to  fill 
in  the  blank  by  guessing  at  the  gage  height.  The  observer  should 
aLso  be  carefully  instructed  regarding  the  best  method  of  making  the 
readings,  and  he  should  be  cautioned  against  reading  at  too  great  a 
distance  a  vertical  gage  on  a  pier  from  a  position  on  the  bridge  at 
wUich  estimates  can  not  be  made  nearer  than  two  or  three  tenths. 
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CARE   OF  INSTRUMENTS. 

Hydrographers  are  responsible  for  the  care  of  current  meters  and 
other  instruments  of  the  public  property  intrusted  to  them,  and  are 
required  to  account  at  stated  times  for  all  such  property  in  their 
keeping.  Since  the  accuracy  of  stream  gagings  depends  largely''  upon 
the  correct  working  of  the  cui-rent  meter,  great  care  should  be  exer- 
cised in  handling  these  instruments  and  in  keeping  them  properly 
adjusted.  Inaccurate  work  and  poor  results  can  be  traced  directly  to 
neglect  in  caring  for  instruments. 

The  following  description  and  suggestions  regarding  the  use  and 
care  of  the  small  Price  electric  current  meter  (see  PI.  XI)  are  intended 
for  the  guidance  of  hydrographers  in  the  field. 

Section    A-A 


Fig.  3.— Cross  section  of  small  Price  electric  current  meter,  showing  details. 

When  in  use  the  meter  is  suspended  by  a  double  conductor,  cable 
of  No.  14  or  No.  16  flexible  copper  wire,  heavily  insulated.  Wire  of 
that  size  is  of  sufficient  stTOngth  to  liold  the  meter  and  weights, 
and  it  obviates  the  necessity  of  additional  rope  for  suspending  the 
equipment.  The  cable  is  attached  to  the  meter  with  a  spring  snap 
hooked  into  the  circular  end  of  the  trunnion  p,  fig.  3.  The  heavy 
copper  wires  are  connected  with  the  meter  binding  posts  /land  df,  fig. 
3,  with  smaller  and  more  flexible  wires.  The  wire  connected  with 
the  binding  post  d  should  be  threaded  through  the  metal  loops  on 
the  yoke  o,  within  the  trunnion  frame  and  at  g.  It  is  desirable  that 
these  wires  should  be  flexible  and  loose  to  allow  the  meter  to  swing 
free  in  the  vertical  plane  when  it  is  in  use. 
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Lead  weights  (a,  fig.  4)  are  attached  to  the  lower  end  of  the  trun- 
nion by  means  of  a  detachable  weight  stem  (&,  fig.  4),  to  hold  the 
meter  steady  in  moving  water — ^the  higher  the  velocity  of  the  stream 
the  greater  the  weight. 

The  weight  vane  (c,  fig.  4)  should  be  attacTied  to  the  weights  at  all 
times  when  the  meter  is  used  suspended  from  a  cable.  When  gaging 
Riiiall  or  shallow  streams  it  may  be  necessary  to  make  the  observa- 
tions by  wading.  Under  such  circumstances  it  will  be  more  conven- 
ient to  dispense  with  the  lead  weights  and  attach  the  meter  to  a  light 
rod  or  pole.  If  desired  a  brass  standard  can  be  supplied  for  attaching 
the  meter  to  the  pole. 

The  meter  is  supported  in  a  trunnion  or  .hanger  (p,  fig.  3),  and  is 
free  to  swing  in  a  vertical  plane.  One  revolution  of  the  wheel  or  cups  , 
is  indicated  by  a  buzz  of  the  electric  buzzer — the  observer  being 
required  to  count  the  number  for  a  certain  interval  of  time,  prefer- 
ably 50  seconds,  as  the  computations  can  more  easily  be  made  from 
that  number.  A  second  observation  of  the  same  length  of  time  should 
iminediat>ely  follow  the  first  observation,  in  order  to  verify  the  count. 


Fia.  4.— WeiffhtA  and  weight  vane  of  small  Price  electric  current  meter. 

The  vertical  axis  (n,  fig.  3)  bearing  the  cups  of  the  current  meter, 
and  hereinafter  referred  to  as  the  cup  shaft,  terminates  at  the  lower 
end  in  an  inverted  cone,  which  bears  or  turns  on  the  cone-shaped 
point  of  e,  fig.  3.  The  part  marked  Z,  fig.  3,  will  be  referred  to  as  the 
point  bearing.  This  is  the  most  delicate  i)art  of  the  meter,  and  should 
be  given  the  greatest  care,  as  it  is  made  of  highly  tempered  steel  and 
is  liable  to  be  fractured  or  broken.  To  protect  this  sharp  point  bear- 
ing during  shipping  or  carrying  the  meter,  a  milled  sleeve  (fc,  fig.  3) 
is  provided.  This  sleeve  is  threaded  on  the  inside,  and  screws  up  or 
ilown  on  the  screw  thread  on  the  extension  of  the  lower  end  of  the 
cup  shaft  shown  in  fig.  3.  When  the  meter  is  not  actually  in  use,  and 
before  putting  it  into  the  wooden  case  after  using,  see  that  the  milled 
sleeve  k  is  screwed  down  until  it  bears  on  the  top  of  q  and  raises 
the  cups  and  cup  shaft  off  of  the  point  bearing,  thus  protecting  it 
from  possible  injury.  It  is  not  necessary  to  screw  this  sleeve  down 
very  tight,  and  if  it  is  screwed  down  tight  the  shoulder  of  the  journal 
on  the  upper  end  of  the  cup  shaft  will  be  thrust  hard  against  the  end 
of  its  bearing  and  perhaps  be  injured. 
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When  preparing  to  make  a  measurement  with  the  meter  the  milled 
sleeve  shoald  be  screwed  up  on  the  cup  shaft  as  far  as  it  will  go,  so  as  to 
be  absolutely  certain  that  the  cups  are  turning  on  the  point  bearing 
and  are  working  with  the  least  possible  friction.  This  sleeve  is  milled 
for  adjustment  with  the  fingers  and  not  with  a  wrench  or  pliers. 

If  it  becomes  necessary,  on  account  of  injury,  to  replace  the  point 
bearing,  an  extra  one  will  be  found  in  the  meter  case.  To  replace  the 
liearing  slacken  the  screw  i,  fig.  3;  with  the  small  spanner  wrencli  pro- 
vided with  the  meter  remove  the  large  nut  g,  with  the  point  bearing 
locked  in  it.  After  its  removal  hold  the  head  of  nut  q  firmly  with  a 
small  wrench  or  pair  of  pliers,  slip  the  small  spanner  wrench  over  the 
flat  sides  of  the  nut/,  and  loosen  it.  Remove  the  nut/ with  the  fingers, 
.  and  with  a  small  screw-driver  take  out  the  damaged  point  bearing  from 
the  large  nut  q.  Replace  the  large  nut  g,  and  with  the  spanner  wrench 
screw  it  firmly  into  the  yoke  o.  Remove  the  lock  nut  from  the  nev 
point  bearing  to  be  inserted,  and  with  a  screw-driver  send  the  latter 
through  the  large  nut  q.  Great  care  should  be  exercised  in  making  this 
most  important  adjustment  of  the  current  meter.  A  slight  amount  of 
play  or  movement  of  the  cups  up  and  down  must  be  allowed,  so  thai 
they  will  revolve  freely  and  without  friction.  When  the  point  is  almost 
up  turn  it  a  part  of  a  revolution  at  a  time,  with  the  screw-driver, 
until  the  proper  adjustment  is  obtained.  After  the  adjostment  ha$ 
been  made  a  full  turn  of  the  point  bearing  in  the  nut  q  woald  crush 
the  sharp  point  of  the  bearing  e  into  the  inverted  cone  of  the  cnp 
shaft  and  break  the  point.  After  the  point  has  been  satisfactorilj 
adjusted  remove  the  nut  g,  with  the  point  in  it,  put  the  lock  nut  on 
the  point,  and  draw  it  down  on  the  face  of  the  large  nut,  taking  care 
while  turning  it  not  to  allow  the  point  to  turn  in  the  large  nut  and 
thus  disturb  the  adjustment.  Should  the  adjustment  of  the  met<*r 
be  too  tight  the  I'esults  obtained  from  its  use  will  be  erruneous. 
An  examination  of  the  meter  when  received  from  the  Survev  wil! 

m 

give  an  idea  of  the  proper  adjustment.  Do  not  disturb  the  adjust- 
ment of  the  meter  unless  it  is  necessary  to  put  in  a  new  p<>int 
bearing. 

Section  A- A,  fi^:^.  3,  shows  the  construction  of  the  binding  po>t 
and  contact  spring  of  the  meter.  A  flexible,  well-insulated  copper  wire 
(No.  20,  or  smaller)  is  drawn  through  the  metal  loop  g  of  the  yoke  ". 
the  end  of  the  wire  free  from  the  insulation  is  thrust  into  the  meta' 
binding  post  d  and  secured  by  the  small  set  screw.  This  metal  bind- 
ing post  terminates  in  a  slender  platinum  spring  (a),  which  extendi 
througli  the  hard  rubber  nipple  c  into  the  contact  chamber,  to  m 
The  top  or  upper  end  of  the  cup  shaft  terminates  in  the  contact 
chamber  with  an  oval-shaped  eccentric  (m),  which  makes  a  con- 
tact with  the  spring  a  at  each  revolution  of  the  meter  cups.  Thb 
contact  can  be  prolonged  or  shortened  by  bending  the  XH>int  of  the 
contact  spring  in  the  contact  chamber  in  the  desired  direction.  Tht* 
oval-shaped  eccentric  end  of  the  cup  shaft  is  detachable,  and  can  lie 
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i-emoved  by  taking  off  the  cap  i2,  holding  the  cups  firmly,  and 
ai>plying  a  screw-driver  to  the  small  slotted  head. 

The  insulating  nipple  c  is  made  of  hard  rubber,  and  is  likely  to 
break  if  the  binding  post  d  receives  a  sharp  blow.  An  extra  insulat- 
ing nipple  will  be  found  in  a  small  tin  case  in  the  meter  box.  Before 
removing  or  replacing  the  binding  post  d,  take  out  the  eccentric- 
shaped  top  of  the  cup  shaft.  If  this  is  neglected  the  contact  spring 
will  be  destroyed  by  the  turning  of  the  binding  post. 

Ill  charging  the  battery  cell  used  with  the  electric  buzzer  furnished 
witli  the  current  meter,  one-half  teaspoonf  ul  of  bisulphate  of  mercury 
is  sufficient.  Fill  the  cell  with  water  and  insert  the  zinc  pole  with 
the  rubber  stopper  attached.  When  putting  the  battery  cell  in  the 
leather  case  be  sure  that  the  small  platinum  point  on  the  lower  end 
of  the  cell  and  the  screw  head  of  the  rubber  stopper  make  perfect 
contact  with  the  copper  plates.  If  the  buzzer  makes  but  a  faint 
clicking  sound  instead  of  a  buzz,  remove  the  metal  cap  covering  the 
buzzer,  and  with  a  knife  blade  adjust  the  small  upright  brass  point, 
by  bending  until  the  armature  produces  the  desired  sound.  Never 
allow  the  liquid  to  remain  in  the  battery  cell  over  night,  as  it  will 
generate  gas  and  produce  pressure  sufficient  to  cause  the  cell  to  leak 
at  the  rubber  stopper,  and  the  solution  escaping  will  destroy  the 
leather  of  the  case  and  the  brass  parts  of  tlie  buzzer. 

Care  sliould  be  exercised  in  the  use  and  handling  of  the  meter  that 
it  does  not  get  a  fall  or  hard  knock,  thus  injuring  the  cups  or  cup 
shaft.  An  injury  to  either  will  change  the  rating  of  the  meter,  and  it 
should  be  immediatel}'  returned  to  the  Survey  for  rei^airs.  When 
using  the  meter  in  streams  containing  grass  or  moss,  examine  the 
instrument  frequently  to  see  that  nothing  has  lodged  or  wrapped 
around  the  cup  shaft  ii. 

When  preparing  to  make  a  discharge  measurement  charge  the  bat- 
tery cell  of  the  buzzer;  remove  the  meter  from  the  case;  take  out  the 
weights,  weight  stem,  and  vane,  combine  them  as  in  fig.  4,  and  cittacli 
them  to  the  meter  with  the  spring  pin  provided;  turn  up  the  milled 
sleeve  kj  and  turn  the  cups  to  see  that  they  revolve  freely  and  that 
the  buzzer  responds  to  each  revolution. 

After  making  a  discharge  measurement,  or  at  the  close  of  a  day's 
work  with  the  meter,  unscrew  the  large  nut  q,  with  the  point  bearing 
in  it,  and  examine  the  point  carefully  to  detect  injury.  With  a  piece 
of  soft  cloth  remove  the  water  in  the  opening  at  the  lower  end  of  the 
cup  shaft,  oil  generously,  and  replace  the  bearing.  Then  remove  the 
screw  cap  i2,  turn  the  meter  over  to  allow  the  water  to  run  out  of  the 
contact  chamber,  put  in  a  plentiful  supply  of  oil,  and  replace  the  cap; 
this  protects  the  top  or  journal  bearing  of  the  cup  shaft  from  rusting. 
After  this  has  been  done  turn  down  the  milled  sleeve  A:,  to  protect  the 
point  ])earing  while  carrying  the  meter,  remove  the  battery  cell,  empty 
out  the  liquid,  wash  the  cell  with  water,  and  pack  the  meter  carefully 
in  the  case,  when  it  will  be  ready  for  future  use. 
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METHODS  OF  RATING  METERS. 

Kach  current  meter  when  iveeived  from  the  factory,  and  subse- 
quently when  i-epaired,  is  rated  by  running  it  through  still  water,  the 
assumption  being  that  the  same  relation  will  hold  l)etween  the  turns 
of  the  instrument  when  running  through  still  water  as  when  held  in 
one  position  in  flowing  water.  This  relation  is  obtained  by  fastening 
the  meter  in  a  position  comparable  to  that  in  which  it  will  be  held 
when  in  use  in  the  stream.  That  is  to  say,  if  the  meter  is  to  be  used 
fastened  rigidly  to  a  rod,  it  is  rated  in  that  manner;  if,  on  the  other 
hand,  it  is  to  be  used  on  the  end  of  a  flexible  cord  the  rating  is  accom- 
plished under  those  conditions. 

Two  devices  for  rating  meters  are  shown  in  PI.  XII.  The  iipi)er 
illustration  is  of  the  equipment  used  by  the  Survey  at  its  rating 
station  at  Chevy  Chase,  a  suburb  of  Washington,  D.  C,  the  lower 
picture  is  of  the  <levice  employed  at  Los  Angeles,  Cal.  The  appa- 
ratus used  at  Chevy  Chase  consists  of  a  platform,  about  200  feet  in 
length,  built  along  the  edge  of  a  small,  deep  pond  the  waters  of  which 
are  practically  stagnant.  On  the  outer  edge  of  this  platform  are  small 
iron  rails,  on  which  is  placed  an  ordinary  mine  car  or  truck,  with 
outrigger  so  that  the  meter  can  be  held  vertically  over  the  water  and 
immersed  to  the  desinnl  d(^i)th.  On  the  platform  a  measured  <*ourse 
of  100  feet  is  laid  off,  and  the  car  is  x>ushed  by  hand,  care  l)eing 
taken  to  pass  over  every  10  or  20  feet  in  a  unifoi'm  number  of  sec-onds, 
so  that  th(»  same  velocity  can  Ik*  maintained  from  start  to  flnish.  In 
the  view  a  meter  is  shown  suspended  from  the  car  on  the  right-hand 
side,  and  another  meter  is  shown  in  the  background  against  the  door 
of  the  house  in  which  the  (»ar  and  smaller  tools  are  stored. 

The  device  used  at  Los  Angeles,  Cal..  consists  of  a  cement-lined 
trough  along  the  edge  of  the  reservoir.  Above  this  is  stretched  an 
iron  cable,  suitably  supported,  on  which  is  a  trolley  with  two  wheels, 
by  means  of  which  the  meter  is  support<Hl  beneath  the  sui-face  of 
the  water.  The  m(»ter  is  propelled  through  the  water  over  a  mejis- 
ured  course,  usually  loO  feet,  lor  20  or  more  times  in  succession,  the 
speed  vaiying  from  less  than  {),o  foot  p<'r  second  to  G  or  8  feet  i)er 
second,  or  even  more,  the  number  of  revolutions  per  hundre<i  feet 
and  the  numlKM*  of  seconds  iKMug  noted.  Thus  there  is  obtained  the 
feet  per  second  and  the  revolutions  pt^'  seccmd  at  different  si)eeds. 
When  these  data  are  plotted  upon  cross-section  paper  it  will  Ik>  found 
that  for  higher  velocities  the  points  lie  in  a  nearly  straight  line,  but  for 
lower  velociti(*s  there  is  a  tenden<»y  for  the  revolutiims  i)er  second  to 
decr(»ase,  owing  to  the  slight  friction  in  the  instrument.  A  broken  or 
somewhat  curved  line  is  therefore  sketched  for  the  lower  veloi*ities, 
and  from  this  curve  values  are  taken  to  make  the  arbitrary  table  of 
the  relation  between  the  revolutions  of  the  meter  por  second  and  the 
speed  of  the  water.  This  table  is  found  to  be  fairly  constant  until  the 
meter  becomes  injured  or  the  friet  ion  notably  increases  by  the  wearing 
away  of  the  more  delicate  ]>()ints  of  liie  bearings. 
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In  using  current  metera,  especially  those  suspended  from  a  cord  or 
line,  it  frequently  happens  that  in  swift  water  the  instrument  is  swept 
backward  and  tipped  at  an  angle  from  the  horizontal,  either  momen- 
tarih'^  or  for  a  considerable  period  of  time.  In  order  to  obtain  data 
concerning  the  reliabilitj^  of  results  under  such  conditions  a  series  of 
tests  was  made  at  the  Chevj'^  Chase  rating  station.  A  small  Price 
current  meter  was  used,  being  held  rigidly  at  various  angles  as  meas- 
ured from  a  horizontal  line.  The  results  are  given  in  the  Nineteenth 
Annual  Report,  Part  IV,  page  27. 

At  an  angle  of  5  degrees,  with  a  velocity  below  4  feet  per  second, 
the  meter  apparently  revolves  a  trifle  faster  than  when  it  is  horizon- 
tal. In  other  words,  at  moderate  speeds  and  at  low  inclination  the 
meter  may  indicate  a  slightly  higher  velocity  than  actually  exists. 
At  high  speeds,  however,  and  at  a  high  inclination,. the  reverse  is  true, 
as  the  meter  turns  more  slowly  than  when  held  perfectly  parallel  to 
the  current.  When  depressed  beyond  25  degrees  the  resistance  to  the 
current  approaches  that  offered  by  the  tail,  and  the  meter  swings  about 
in  a  position  nearly  at  right  angles  to  the  current,  causing  the  head  to 
approach  the  normal  or  zero  angle. 

IS^OTES  AND  COMPUTATIOXS. 

The  ordinary  method  of  computing  discharge  from  the  observations 
is  indicated  by  a  small  field  notebook  (form  9-198)  ruled  for  the  pur- 
pose. The  velocity  at  each  element  of  the  section  of  the  stream  is 
ascertained  by  observations  at  various  depths,  as  previously  described. 
The  area  of  each  element  or  fraction  of  the  section  is  obtained  bj' 
multiplying  the  width  by  the  mean  depth.  The  discharge  is  the  prod- 
uct of  the  velocity  by  the  area,  and  the  discharge  of  the  whole  section 
is  the  sum  of  these  products.  This  has  been  found  to  be,  under  usual 
circumstances,  the  most  convenient  method  of  computation.  It  is 
clesirable  that  soundings  in  the  cross  sections  be  made  at  regular 
intervals  and  at  the  same  j^oints  in  the  stream.  In  this  way  changes 
in  the  river  bed  will  be  noted,  and  if  the  gage  is  broken  or  displaced 

I  lie  soundings  will  often  furnish  data  for  an  approximate  computa- 
t  ion  of  the  mean  depth  for  resetting  the  gage. 

Referring  to  the  notebook  (form  9-198),  at  the  top  of  the  page  are 
>;j>aces  for  recording  the  date,  the  name  of  the  hydrographer,  the 

II  limber  of  the  meter,  the  locality,  the  height  of  the  water  at  the 
rime  of  beginning  and  ending  the  measurements,  also  the  average 
li<^*!p:ht,  and  whether  the  river  was  rising,  falling,  or  stationary.  On 
f  )it^  opposite  page  is  space  for  inserting  the  results,  i.  e.,  the  total 
;ii-<^H,  the  mean  velocity,  and  the  total  discharge  in  cubic  feet  per 
,*.i<-c*oiid.  On  the  extreme  left  are  double  columns  for  recording  the 
^<> bindings,  the  first  column  being  for  the  distance  from  the  initial 
»^<>int  and  the  second  column  for  the  depth  at  that  particular  place. 
^l^'lie  following  table  shows  the  method  of  recording  and  computing 

£  j«^eharge  measurements  in  the  notebook  (form  9-198): 
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Sample  page  fronn  notebook^  sJioioing  method  of 

Gaging  made  (January  26,  1898),  by  (E.  G.  Paul  and  G.  H.  Matthes).  Meter 
No.  (96).  Gage  height:  beginning  (7.6)  ft.,  ending  (7.6)  ft;  mean  (7.55) 
ft.     Siver  rising,  falling,  stationary. 


Soundings. 

Observation.s. 

Revolu- 
tions 
per 
second. 

1 

Dis- 

Depth. 

Depth 
of 
observa- 
tion. 

Time, 

in 

seconds. 

Register  reading. 

Velocity 

per 
second. 

from 
initial 
point. 

Begin. 

1 
End.         Diflf.» 

60 

4.8 
5.3 
5.2 

5.3 
5.2 

5. 
5.4 

5.3 
5.3 

5.2 
5.4 

5.5 
5.8 

5.7 
6.3 

6.7 
6.4 
1.7 
2.4 
3.9 

4.7 

4.8 

5.3 
5.1 

5.0 
4.9 

4.5 
4.3 

4.0 
4.0 

4.1 
3.H 

1 
1 . 

65 

1 

>-.--. ..-.1      -  

70 

i 

50 

11 

33 
33 

0.66 

i.ea 

75 

80 

ti 

11 
11 

48 
49 

0.97 

2.35 

85 

90 

11 

11 
11 

64 
64 

1.28 

ans 

95 

UK) 

It 

41 
41 

77 

1 1 

1..54 

3.72 

105 

110 

.i 

11 

%1 

81 
81 

1.62 

3.91 

115 

120 

11 

41 
It 

98 
9(> 

1.94 

4.68 

125 

130 

11 

li 
14 

36 
36 



0.72 

1.73 

135 



140 

1 
1 

173 

1 

185 

: ' 

190 

11 

It 
tl 

88 
89 

1.77 

4.27 

195 

- . .... -...    

200 

11 

11 
11 

85 
85 

1,70 

4.10 

205 

210 

11 

41 
11 

_ 

80 
79 

1.68 

a84 

215 

1 

220 

11 

11 
It 

1 

68 
67 

1.35 


3.26 

1 

225 

.....        |. 

230 

(1 

11 

' 

62 
62 

1.24 

i  (« 

11 

235 



340 

ki 

1. 

11 

30 
50 

1.00 

2.4*J 



245 

250 

11 

11 
11 

1       » 

S3 

0.46 

• 

1. 12 

1 

2.Vi              3. 3 

1......  .... 

2(50  1            3.0 

11 

1 

It 





2* 

1 

n.o: 


0. 11» 

1 

270              1.2 

Total 


*Thc  figures  in  this  column  are  the  number  of  revolutions  of  the  meter  in  Stt 
seconds,  a  recorder  not  lieing  used. 
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recording  and  computing  discharge  measurements. 

At  station  (Frederick,  ][d.)»  on  (Monocacy)  River.     Total  area  (808)  eq.  feet 
Kean  velocity  (2.90  feet).    Discharge  (2,342)  seoond-feet. 


Section. 

Discharge 

of 

section. 

Width. 

Mean 
depth. 

Area. 

Remarks. 

Edge  of  still  water. 

15 

5.15 

77.3 

133.7 

10 

5.30 

52.0 

122.2 

10  1         5. 30 

1 

53.0  ,           163.7 

10           5.27 

52.7             196.0 

1     . 

. 

10 

5.37 

53.7 

210.0 

10 

5.70 

57.0 

266.7 

15 

6.a5 

05.2 

166.6 

t 

I 

Edge  of  still  water. 
Edge  of  second  channeL 

1 

1 

22  '         2.  SI 

1 

61.8 

263.8 

10. 

4.»0 

49.0 

200.9 

10 

5.13 

51.3 

197.0 

10 

4.82 

48.2 

157.1 

10 

4.27 

42.7 

128.1 

10 

4.03 

40.3 

97.5 

10 

3.75 

:57.5 

42.0 

15 

2.45 

36.7 

7.0 

Edge  of  still  water. 

177 

808.4 

2.  .342. 3 

38  METHODS    OF   STREAM   MEASUREMENT. 

At  all  river  stations,  besides  the  bench  marks  for  the  zero  of  the 
ga^e  rod,  there  should  be  chosen  an  initial  point  at  which  to  begin  all 
soundings.  This  initial  point  may  be  some  permanent  object  on  the 
bank,  the  end  of  a  bridge,  or  the  edge  of  a  pier.  A  bench  mark  should 
be  permanent,  easily  identified,  and  in  such  position  that  it  will 
always  be  a  short  distance  bej^ond  the  high- water  mark.  Starting 
from  this  initial  point  the  soundings  are  usually  made  every  10  or  20 
feet,  or,  in  the  case  of  very  small  streams,  at  intervals  of  5  feet. 

The  first  sounding  should  be  at  the  edge  of  the  water,  and  its  dis- 
tance from  the  initial  point  should  be  recorded  in  the  notebook,  the 
sounding  being  registered  as  zero.  The  last  sounding  should  }ye  at 
the  farther  edge  of  the  water,  and  should  be  noted  as  so  many  fe^^t 
from  the  initial  point  and  as  zero  in  depth.  If  intermediate  islands  or 
bars  project  above  water  the  fact  should  be  recorded  in  the  notelx)ok, 
also  the  distance  of  both  margins  from  the  initial  point.  This  greatly 
simplifies  the  comparison  of  subsequent  changes  of  depth. 

To  the  right  of  the  columns  for  soundings  are  spaces  for  the  obser- 
vations, ipcluding  depth  of  observation,  or  number  of  feet  and  tenths 
below  the  surface  of  the^  water  at  which  the  meter  is  read,  and  the 
number  of  seconds,  usually  50  or  100,  during  which  the  revolution^ 
of  the  meter  are  not(^d.  To  the  right  of  these  are  three  columns  for 
use  in  case  a  recording  register  is  used  with  the  met«r.  The  first  of 
these  is  for  the  register  reading  at  the  beginning  of  the  obser\'atiou, 
the  second  is  for  the  reading  at  the  end  of  the  number  of  second> 
(50,  100,  or  more)  during  which  the  revolutions  are  counted,  and  th<» 
third  is  for  the  difference  between  these  two  readings.  In  cases  wheri' 
the  revolutions  of  an  electric  meter  are  counted  by  listening  to  xh^ 
sounder,  as  in  the  sample  computation  on  pages  36  and  37,  the  thiiil 
column  only  is  used.  It  is  customary  to  make  two  observations  of  0  ' 
seconds  each  at  a  point,  and  if  these  do  not  agree  to  make  a  thinl, 
and  a  fourth  if  necessary,  continuing  until  it  is  ascertained  whether 
there  may  have  been  any  accidental  irregularity  in  the  behavior  of 
tlie  instrument.  If  these  observations  appear  to  have  equal  value 
the  average  of  all  is  taken;  if  one  or  more  are  of  doubtful  value  thr 
doubtful  ones  are  rejected. 

The  number  of  revolutions  of  the  meter  as  recorded  in  the  column 
of  differences  divided  by  the  number  of  seconds  gives  the  revolutioii> 
per  second  to  be  inserted  in  the  column  headed  thus.  Where  two 
observations  of  50  seconds  each  have  been  made  it  is  necessarv  merelv 
to  add  the  revolutions  and  point  off  two  places. 

The  observations  for  velocity  per  second  are  usually  taken  not  onl} 
at  intervals  across  the  stream  but  also  at  the  top  and  near  the  bottom 
at  each  locality  and  at  intermediate  points.  Where  the  stream  is 
shallow  it  has  been  found  that  the  average  of  the  observations  taken 
slightly  below  the  surface  and  above  the  bottom  at  a  distance  where 
the  meter  runs  freely,  represents  very  closely  the  mean  velocity  of  the 
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section.  In  deeper  streams  the  mean  velocity  of  the  vertical  section 
can  be  obtained  by  observations  at  a  large  number  of  points,  or  by 
assuming  that  the  measurement  obtained  at  a  distance  below  the  sur- 
face of  three- fifths  of  the  depth  is  the  mean  velocity,  as  more  fully 
described  on  pages  18  and  19.  Taking,  therefore,  the  av^erage  of  the 
velocities  in  the  vertical  plane  as  obtained  in  either  way,  it  is 
assumed  to  represent  the  average  velocity  for  a  portion  of  the  river  on 
both  sides  of  the  plane,  which  is  taken  parallel  to  the  coui*se  of  the 
stream  and  as  extending  halfway  to  the  i)oints  of  observation  on  each 
side.  If  these  points  of  observation  are  10  feet  apart  the  width  of  the 
section  is  taken  as  10  feet  and  is  entered  in  tlie  proper  column. 

In  the  case  of  a  broad,  smooth  channel  the  mean  depth  of  the  sec- 
tion is  taken  as  tlie  depth  of  water  at  the  phice  where  the  meter  is 
run,  or  as  an  average  obtained  by  adding  the  depth  of  water  on  each 
side  halfway  to  the  next  point  of  observation,  adding  to  this  twice  the 
depth  where  the  meter  is  run,  and  dividing  the  whole  by  four.  This 
mean  depth,  in  feet,  multiplied  by  the  width,  in  feet,  gives  the  area 
or  the  section,  in  square  feet.  This  area  multiplied  by  the  velocity  per 
second,  as  given  in  the  column  headed  thus,  gives  the  discharge,  in 
cubic  feet  per  second,  or  second-feet,  to  be  inserted  in  the  column 
thus  designated.  The  sum  of  the  discharges  of  the  various  sections 
is  the  total  discharge  of  the  river.  This  is  inserted  at  the  top  of  the 
jjage.  The  sum  of  the  individual  areas  is  the  total  area,  in  square  feet, 
to  be  inserted  also  at  the  top  of  the  page.  The  mean  velocity  of  the 
whole  stream  is  the  discharge,  in  cubic  feet  i)er  second,  divided  by  the 
total  area  thus  obtained,  but  it  is  not  the  average  of  the  velocities 
per  second  as  measured  by  the  current  meter. 

In  the  sections  of  the  river  adjacent  to  the  shore  special  care  must  be 
taken  in  the  computations,  as  the  current  is  often  so  sluggish  that  tlie 
nieier  will  barely  revolve,  and  at  times  reverse  currents  creep  up 
along  the  bank.  Allowance  must  be  made  for  all  of  these  factors, 
also  for  still  or  dead  water.  In  computing  the  average  depth  of  the 
triangular  sections  at  each  end  the  depth  at  the  shore  is  taken  as 
zero,  this  being  added  to  the  other  depths  and  the  total  divided  by 
four,  as  in  the  case  just  described.  Where  the  current  is  running 
diagonally  to  the  channel  of  the  stream,  allowance  for  that  must  be 
made  in  the  width  of  each  section.  The  notebook  is  provided  with 
space,  under  the  head  of  "Remarks,"  for  these  details  and  for  com- 
ments upon  the  accuracy  of  the  measurement.' 

In  making  the  computations  in  tlie  notebook  it  is  undesirable  to 
carry  them  out  to  a  degree  of  refinement  not  warranted  by  the  original 
observations;  that  is  to  say,  if  the  meter  reading  is  only  to  whole 
numbers  it  is  a  waste  of  time  to  make  computations  to  more  than  one 
point  of  decimals,  or,  in  fact,  to  employ  decimals  at  all  excei)t  as  a 
safeguard  against  errors  creeping  into  the  last  figure  of  the  results. 

The  hydrographer  should  occasionally  look  over  the  measurements 
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made  during  the  year  and  determine  whether  or  not  a  sufficient  num- 
ber have  been  made  for  the  construction  of  a  rating  curve  for  each 
station.  If  either  high-water  or  low-water  meitsurements  are  lack- 
ing a  special  effort  should  be  made  to  reach  the  station  during  that 
stage  of  the  stream,  so  that  doubtful  parts  of  the  rating  curve  can 
be  accurately  constnicted.  One  of  the  chief  difficulties  encountered 
in  working  up  the  field  notes  is  that  a  number  of  measurements  will 
be  made  at  the  ordinary  flow  of  the  stream  and  none  during  high- 
water  and  low-water  stages. 

It  is  very  important  that  hydrographers  carefully  check  and  i-evise 
all  records  before  they  are  sent  to  the  Survey;  but  if  mistakes  are 
found  after  the  records  have  been  sent  to  Washington  a  detailed 
description  of  them  should  at  once  be  prepared  and  forwardeiK  so 
that  the  records  on  the  books  of  the  Survey  will  be  accairate  and 
complete.  Occasionally  annoyance  is  caused  by  carelessness  in  this 
matter,  and  after  computations  of  the  discharge  of  a  stream  are 
worked  up  at  the  Survey  notification  is  received  of  erroi's  in  the  gage 
readings,  or  of  the  displacement  of  the  gage,  which  vitiates  the 
records  on  file. 

REPORTS  OF  DISCHARGE   MEASUREMENTS. 

I'he  field  notebooks  (form  9-198)  referred  to  are  to  be  retained  by 
the  hydrographer  as  long  as  required  and  ultimately  forwaixled  to 
the  Survey  for  preservation  with  other  original  recoixls.  In  onl«*r 
to  report  the  results  as  soon  as  possible,  however,  a  blank  (form 
9-107)  has  been  provided  which  gives  space  for  the  date,  the  loealiiy. 
the  name  of  the  hydrographer  and  his  assistant,  and  for  a  memoran- 
dum concerning  the  number  and  page  of  the  notebook  on  which  the 
computations  are  made.  Under  the  head  "Description  of  river  Ma- 
rions" is  space  for  a  description  of  the  location  of  the  station,  the  date 
when  originally  established,  the  name  and  address  of  the  obser%-er 
and  his  pay,  occupation,  and  the  distance  which  he  is  required  to 
travel  in  order  to  make  readings,  also  the  time  of  day  at  which  the 
readings  usually  are  made.  A  line  is  also  added  on  which  to  reconl 
the  fact  whether  the  observer  is  reliable  and  is  taking  a  pix)per  inter- 
est in  the  results  of  his  work,  and  space  is  provided  for  memoranda 
(•oncerning  the  equipment  and  the  condition  of  any  Survey  property 
at  the  station.  Attention  is  also  called  to  the  condition  of  the  gage, 
and  descriptive  words  are  inserted  in  order  that  by  striking  out  iho^e 
not  applicable  the  words  remaining  will  indicate  whether  the  ^age  i> 
in  good  order  or  needs  attention.  Space  is  also  left  for  comments  on 
the  bench  marks,  whether  the  initial  x>oint  for  sounding  is  on  the 
riglit  or  left  bank,  whether  tlie  channel  both  above  and  below  the  st^v 
tion  is  straight  or  curved,  the  water  swift  or  sluggish;  also  for  the 
height  of  the  banks,  whether  high  or  low,  the  character  of  the  beil  of 
the  stream,  and  similar  details.  Any  changes  in  the  channel  shown 
by  soundings  should  also  be  noted. 
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Where  possible  two  or  more  gages  are  established  at  each  station, 
being  connected  by  level  lines,  so  that  the  slope  of  the  water  surface 
can  be  read  at  various  elevations.  Assuming  a  value  of  n  for  Kutter's 
formula  of  discharge,  it  is  possible  to  estimate  the  discharge  by  com- 
putation based  upon  the  slope.  This  should  be  done  and  the  product 
be  compared  with  the  measured  result,  in  order  that  the  hydrographer 
ina}^  obtain  data  regarding  the  application  of  such  formulae  and  the 
value  of  the  constant  (n)  to  be  applied  in  each  case. 

The  results  of  the  measurement  itself  are  to  be  given  on  the  lower 
part  of  the  blank,  the  first  item  being  the  height  of  water  and  its  con- 
dition, whether  rising,  falling,  or  stationary,  the  inapplicable  words 
l)eing  stricken  out  for  the  latter  purpose.  The  total  width  of  the  chan- 
nels and  their  number  should  also  be  given.  Space  is  provided  for  an 
abstract  of  the  field  notes,  giving,  for  important  points,  the  distance 
from  the  initial  point,  the  depth,  and  the  mean  velocity.  This  is  for 
the  pui-pose  of  showing  concisely  the  character  of  the  stream.  It  is 
not  intended  to  insert  fully  all  of  the  observations,  but  simply  selected 
ones  which  will  bring  out  essential  facts  most  clearly.  The  make  and 
number  of  the  current  meter  used  should  also  be  given,  or  if  meas- 
urements are  made  by  means  of  floats  or  over  a  weir  the  fact  should 
be  stated.  The  velocity  and  direction  of  the  wind  should  also  be 
recorded,  as  they  have  considerable  influence  upon  the  behavior  of  the 
stream.  In  some  cases,  especially  in  extremely  hot  or  cold  climates, 
it  is  also  desirable  to  have  the  temperature  of  the  water  and  the  air. 
A  line  is  also  provided  on  which  the  hydrograj)her  should  note  any 
possible  cause  of  error;  and,  finally,  space  is  provided  for  a  statement 
of  the  mean,  minimum,  and  maximum  velocities,  the  total  area  of  the 
section  in  square  feet,  and  the  total  discharge  in  second-feet.  On 
the  back  of  the  sheet  a  sketch  should  be  made  showing  the  position 
of  the  gage,  the  bridge,  or  cable  from  which  measurements  are  made, 
the  bench  marks,  the  initial  point  of  sounding,  etc.  Where  a  number 
of  measurements  are  made  in  succession  at  one  point,  it  is  of  course 
unnecessary  to  fill  in  all  of  the  details  each  time;  but  in  cases  where 
the  hydrographer  visits  a  station  at  long  intervals,  and  after  changes 
due  to  floods  have  taken  place,  all  of  the  facts  should  be  carefully 
noted,  in  order  to  show  the  extent  of  the  changes  and  to  indicate  clearly 
that  certain  details  are  unchanged. 

In  reporting  measurements  of  discharge  it  is  not  desirable,  except 
in  cases  of  exceedingly  small  amounts  of  water,  to  give  the  results  to 
d(»cimals  of  a  second-foot,  for  a  false  idea  might  be  given  I'egarding 
the  accuracy  of  the  measurements.  Velocities  should  be  given  in  feet 
and  hundredths  of  a  foot  per  second,  and,  for  uniformity,  the  height 
of  water  on  the  gage  in  feet  and  hundredths  of  a  foot.  In  state- 
ments of  this  kind  attention  should  be  paid  to  the  accuracy  of  the 
data.  The  field  work  should  be  conducted  with  the  greatest  care, 
but,  on  the  other  hand,  the  computations  made  in  the  office  should 
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not  be  carried  out  to  n  deg^i-ee  of  i-efinement  incousistent  wiih  the 
orisrinal  work. 

In  work  of  this  cliaracter  accuracy  lias  been  and  always  will  be  a 
subject  for  debate.  At  the  Qutset  it  should  be  recognized  that  in  the 
measurement  of  flowing  water  either  above  or  under  ground  the  pre- 
cision of  ordinary  engineering  operations  is  not  attainable,  because 
the  quantities  to  be  measured  are  not  fixed,  but  fluctuate  to  a  notable 
extent  even  during  the  process  of  measurement.  We  can  ascertain 
the  width  of  a  river  by  fixing  arbitrarily  two  ix)ints  which  shall  repre- 
sent the  sides,  but  liere  an  assumption  comes  in  as  to  what  shall  l>e 
considered  the  sides,  and  usually  there  is  a  latitude  of  several  feet. 
We  can  measure  the  depth  if  we  assume  some  fixed  object  as  repre- 
senting the  bottom.  But  for  the  top  surface,  even  when  artificially 
stilled,  there  is  usually  a  pulsation  ranging  from  30  to  50  seconds  or 
more  and  giving  a  vertical  oscillati<m  through  several  hundredths  of 
an  inch,  so  that  judgment  must  be  exercised  in  that  also.  When  we 
come  to  the  velocity,  we  have  the  widcvst  possible  range,  not  only  in 
different  parts  of  the  ca'oss  section  but  at  the  same  point  during  suc- 
cessive moments,  and  in  determining  that  also  judgment  must  be 
exercised.  In  other  words,  at  every  step  of  the  operation  of  meas- 
uring a  stream  certain  assumptions,  which  may  affect  the  total  by 
from  2  to  5  per  cent,  must  be  made. 

Engin(»ers,  and  especially  oflice  men,  who  spend  most  of  their  lives 
compiling  and  digesting  figures,  are  likely  to  lose  sight  of  these  pri- 
mary assumptions,  and  in  their  desire  for  accuracy  of  computation  to 
express  results  in  decimal  liguies,  which,  if  we  pause  to  consider 
the  i)rimary  assumptions,  is  generally,  except  in  the  case  of  very 
small  streams,  not  only  ludicrous  but  misleading.  In  all  questions  of 
original  investigation,  like  that  of  the  water  resources  of  the  country, 
this  element  of  primary  assumption  must  constantly  be  borne  in  mind 
in  considering  the  plan  of  work  and  the  results  attained.  In  the  pnic- 
tical  application  of  the  figures  of  flow  of  water  above  or  under  ground 
the  tacit  assumption  is  that  the  results  obtained  atone  time  will  again 
prevail.  If,  foi*  example,  the  midsummer  mejisui'ements  gave  a 
stream  discharge  of  100  cubic  feet  x)er  second,  engineers  and  othei-s 
concerned  will  quotic  this  figure  and  use  it  in  their  estimates,  although, 
if  they  stop  to  tliink,  they  will  admit  that  the  stream  may  never  again 
discharge  an  equal  volume,  but  that  the  low  water  in  other  years  or 
for  an  average  of  years  may  be  greater  or  less  than  this  one  measure- 
ment indicates.  Yet  there  are  those  who  will  recompute  the  data 
and  take  great  satisfaction  in  expressing  the  measurement  as  iV.).r>:j 
cubic  feet  per  second,  when  they  should  know  not  only  that  thei-e  is 
an  error  of  plus  or  minus  '2  per  cent  in  the  result,  but  that  the  stream 
may  next  year  discharge  half  or  twice  as  much  at  the  same  season. 
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FLOOD  ESTIMATES. 

At  the  highest  floods,  when  it  is  inix)ossible  to  use  a  current  meter, 
it  is  desirable  to  make  an  approximate  estimate  of  the  flow.  This 
can  be  done  by  noting  the  speed  of  floating  driftwood  and  other  debris 
on  the  water  surface — by  placing  a  certain  base  line  on  the  shore  par- 
allel to  the  current,  and  noting  the  time  that  it  takes  the  drift  to  pass 
over  a  certain  distance.  It  will  generally  Ik?  found  that  the  velocity 
at  the  center  of  the  stream  is  greater  than  toward  the  edges,  and  it  is 
well  to  make  estimates  of  the  surface  velocity  at  various  points  across 
the  stream.  From  these  velocities  and  a  rough  estimate  of  the  areas 
controlled  by  the  various  velocities  an  approximate  estimate  of  dis- 
charge can  be  made.  Notes  should  accompany  such  estimations 
describing  just  how  they  were  obtained,  so  that  a  false  idea  of  the 
a<*curacy  of  the  measurement  will  not  be  conveyed.  Records  of  this 
kind  are  often  of  the  greatest  value  to  engineers  and  investors,  in 
cases  where  it  is  not  important  to  know  within  10  or  even  20  per  cent 
the  maximum  discharge  of  a  stream,  but  where  it  is  important  to 
know  its  discharge  within  30  or  40  per  cent.  Many  cases  are  on  rec- 
ord where,  without  any  data  upon  which  to  base  an  estimate,  assump- 
tions of  the  maximum  discharge  of  streams  have  been  made  which 
afterwards  were  found  to  be  in  error  by  200  or  300  per  cent. 

If  it  is  impracticable  to  make  even  a  rough  estimate  of  the  flow  of 
a  stream  at  its  maximum  discharge,  the  hydrographer  should  at  least 
note  on  the  bank,  bridge  pier,  or  other  permanent  landmark  the 
greatest  height  to  which  the  water  rises.  It  is  also  desirable  to  not-e 
the  rapidity  with  which  it  rises  and  falls,  and  other  natural  phenomena. 

RATING  TABLES. 

The  immediate  object  of  measurements  nmde  at  a  river  station  is 
tlie  construction  of  a  rating  table,  or  series  of  tables,  which  shall 
show  the  relation  for  a  given  length  of  time  l)etween  the  height  of 
water  and  the  quantity  flowing  in  the  stream.  In  order  to  prepare 
such  a  table  it  is  of  course  necessary  to  obtain  the  discharge  at  vari- 
ous stages  of  the  stream,  covering  the  ordinary  range  of  fluctuation. 
Tills  is  a  comparatively  eas\'  task  if  the  channel  does  not  change. 
The  simplest  method  of  procedure  in  constructing  a  rating  table  is  to 
l)l<>t  upon  rectangularly  ruled  paper  each  i)oint  representing  the  gage 
height  and  the  discharge  for  a  given  measurement,  the  vertical  distance 
from  the  bottom  line  being  taken  to  represent  the  height  of  water  at 
the  given  measurement  and  the  distance  from  left  to  right  the  quan- 
tity of  discharge  in  cubic  feet  per  second.  For  convenience,  the 
measurements  of  discharge  should  be  numbered  consecutively  from 
1,  the  earliest,  the  numbers  being  placed  opposite  the  points  upon  the 
rectangularly  ruled  paper.  If  there  are  a  half  dozen  or  juore  of  these 
points  well  distributed  according  to  height  of  water,  it  will  usually  be 
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found  that  thej^  lie  approximately  in  the  path  of  a  parabolic  cune. 
This  curve  can  be  sketched  through  or  near  the  points,  the  hydrog- 
rapher,  from  his  intimate  knowledge,  giving  greater  weight  to  some 
points  than  to  others.     This  curve  shows  the  relation  of  gage  height 
to  discharge  for  the  particular  times  under  consideration.     The  rating 
table  is  the  numerical  expression  for  the  curve  described.     The  next 
step  is  to  read  off  the  figures  from  the  drawing,  starting  with  the 
lowest  value  in  the  lower  left-hand  corner.     The  lowest  horizontal 
line  representing  a  tenth  of  a  foot  is  followed  from  left  to  right  until 
it  intersects  the  curve,  and  the  value  represented  by  this  distance  is 
set  opposite  the  tenth  of  foot  taken.     The  line  representing  the  next 
higher  tenth  of  a  foot  is  then  followed  out,  and  its  length  from  the 
margin  at  the  left  to  the  curve  at  the  right  is  also  obtained,  and  so  on, 
setting  opposite  each  tenth  of  a  foot  the  corresponding  value  of  dis- 
charge.    When  the  table  has  been  prepared  in  this  way  it  will  be 
found  that  there  is  an  increasing  value  for  the  discharge,  and  that 
the  difference    between   the  values    is  also  constantly   increasing. 
Owing,  however,  to  the  small  scale  upon  which  such  a  sketch  nec- 
essarily is  made,  the  figures  read  off  from  the  drawing  do  not  always 
have  this  constantly  increasing  value,  some  being  proportionallj*  too 
large  and  others  too  small.     In  order,  therefore,  to  smooth  out  the 
curve,  it  is  convenient  to  set  off  between  the  lines  of  the  rating  table 
the  differences  in  quantity  of  discharge,  making  a  third   column. 
Upon  running  the  eye  down  this  column  several  points  are  quickly 
detected  where  the  differences  are  not  regular.     Considering  these, 
it  will  be  seen  that  a  slight  adjustment  of  the  differences  and  the 
addition  or  subtraction  of  a  small  amount  from  the  figures  of  dis- 
charge will  smooth  out  these  irregularities.     This  adjustment  shonlO. 
be  made,  and  as  a  check  upon  the  accuracy  of  the  work  the  result  in;; 
figures,  after   the  rating  table  has  been  smoothed  out,   should  W 
plotted  upon  the  original  drawing  to  determine,  by  inspection,  xha: 
the  rating  table  as  finally  adjusted  is  accordant  with  the  observation^. 
This  method  of  graphic  construction  avoids  difficulties  and  liability 
to  error  in  the  use  of  the  higher  mathematics,  and  its  accuracy  is  well 
within  that  of  the  original  data. 

The  length  of  time  during  which  a  rating  table  can  safely  be  appli«-'i 
to  the  observations  should  be  determined  by  the  hydrographer  an! 
not^d  upon  it,  in  order  that  it  maj'^  not  be  used  bej^ond  proper  lini 
itrttions.  Where  the  channel  is  constantly  shifting  a  table  can  not  ^i^ 
used  for  many  weeks  or  months  unless  it  be  referred  to  the  readin^r? 
of  heights  as  interpreted  by  the  occasional  soundings. 

TABLES  FOR  COMPUTING  RESULTS  FOR  PUBLICATION. 

The  unit  employed  in  the  measurement  of  streams  is  the  cubic  f«X't 
per  second.  This  is  described  in  the  Eleventh  Annual  Report,  Parr 
II,  Irrigation,  pages  2  to  5;  also  in  the  Fourteenth  Annual  Report,  Par. 
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n,  pages  100  and  101.  From  this  fundamental  unit  others  have  been 
derived,  and  the  results  of  the  investigation  are  shown  in  these  for 
convenience  of  comparison.  The  tables  formerly  published  give  the 
maximum,  minimum,  and  mean  discharge,  in  second-feet,  for  each 
month.  They  also  usually  give  the  total  discharge  for  the  month,  in 
acre- feet,  and  the  run-off  in  two  terms,  viz,  the  depth  in  inches  and 
the  rate  of  flow  in  second-feet  per  square  mile.  The  acre-foot  of 
water  is  a  quantity  eijuivalent  to  an  area  of  1  acre  covered  1  foot  in 
depth,  or  43,560  cubic  feet. 

Table  for  converting  second-feet  into  acre-feet  per  day* 


Days. 

S 

4 

ocoiid-feet. 

S 

1 

2 

Acre-ft. 

3.97 

7.93 

11.90 

15. 87 

19.83 

zi.m 

27.77 

31.74 

35.70 

39.67 

43.64 

47.60 

51.57 

55.54 

59.50 

63.47 

67.44 

71.40 

75.37 

79.34 

83.31 

87.27 

91.24 

95.21 

99.17 

103. 14 

107.11 

111.07 

115.04 

119.01 

122.98 

3 

5 

Acre-fi. 

9.92 

19.8:J 

29.75 

39.67 

4i^.59 

59.50 

69.42 

79.34 

89.26 

99.17 

109.09 

119.01 

128.93 

138.84 

148.76 

158.68 

168.59 

178.51 

188.4:3 

198.35 

208.26 

218. 18 

228.10 

238.02 

247. 9!i 

257.85 

267.77 

277.60 

287.60 

297.52 

307.44 

6 

Acrv-ft. 

11.90 

23.  W 

a5.70 

47.60 

59.50 

71.40 

83.31 

95.21 

107.11 

119.01 

130.91 

142.81 

154.71 

166.61 

178.51 

190.41 

202.31 

214.21 

226.12 

238.  (J2 

249.92 

261.82 

27:3.72 

285.62 

297.52 

2309.42 

321.32 

333.22 

*      345.12 

1      857.02 

>      368.98 

1 

7 

Acre-ft. 

13.88 

27.77 

41.65 

55.54 

60.42 

8:3.31 

97.19 

111.07 

124.96 

138.84 

152.73 

166.61 

180.50 

194.38 

208.26 

222. 15 

2:36.03 

249.92 

2(B3.80 

277.69 

291.57 

:3a5.45 

319.34 

33:3.22 

347.11 

360.99 

374. 88 

5388.76 

402.64 

,      416.53 

430.41 

9 

1. 

•> 

Acre-ft. 
1.98 
3.97 
5.95 
7.J« 
9.92 
11.90 
13.88 
15.87 
17.85 
19.83 
21.82 
23.80 
25.79 
27.77 
29.75 
31.74 
33.72 
35.70 
37.69 
39.67 
41.65 
43.64 
45.62 
47.60 
49.59 
51.57 
53.55 
55.54 
57.52 
59.50 
61.49 

Acre-/t. 

5.95 

11.90 

17.85 

23.80 

29.75 

35.70 

41.65 

47.60 

63.55 

59.50 

65.45 

71.40 

77.35 

83.31 

89.28 

95.21 

101.16 

107.11 

113.06 

119.01 

124.96 

130.91 

136.86 

142.81 

148.76 

154.71 

160.66 

16ti.  61 

172.56 

178. 51 

184.46 

Acre-ft. 
7.93 
15.87 
23.80 
31.74 
39.67 
47.60 
55.54 
63.47 
71.40 

79.  ;h 

87.27 
95.21 
103.14 
111.07 
119.01 
126.94 

i:h.88 

142.81 
150.74 
158.68 
166.61 
174.55 
182.48 
190.41 
198.35 
206.28 
214.21 
222.15 
230.08 
2138.02 
245.95 

Aci'P-ft. 
15.87 
31.74 
47.60 
63.47 
79.34 
95.21 
111.07 
126.94 
142.81 
158.68 
174.55 
190.41 
206.28 
222.15 
2:38.02 
25:3.88 
269.75 
285.62 
:3(J1.49 
317.36 
:333.22 
^9.00 
364.96 
380.82 
396.  t» 
412.56 
428.43 
444.30 
460.17 
476.08 
491.90 

Aci'i'-ft. 
17.85 
35.70 

3 

4 

5 

5:3.55 
71.40 
89.26 

6 

l(r7. 11 

t . .... 

124.96 

8 

ti 

10 

142.81 
160.66 

178. 51 

11 

12 

13 

196.36 
214.21 
2:32. 07 

14 

249. 92 

15 

16 

17 

IH 

267.77 
285. 62 
303.47 
:321.:ti 

19 

20 

21 

3539.17 
;357.0:i 
374. 8*< 

22 

392. 7:{ 

23 

410. 5.S 

24 

428.4;} 

25 

446.28 

2»5 

27 

464. 1:3 
481. 98 

28 

499. 8:3 
517.68 

;» 

535.54 

31 

553.89 

As  the  months  are  of  varying  length  it  is  necessary  to  use  three  or 
four  factors  to  convert  the  average  discharge  for  the  month  in  second- 
feet  into  the  total  in  acre-feet.  One  second-foot  flowing  for  twenty- 
four  hours  is  equivalent  to  86,400  cubic  feet.  Since  there  are  43,560 
square  feet  in  an  acre  there  will  be  the  same  number  of  cubic  feet  in 
an  acre-foot.  Dividing,  it  is  found  that  1  second-foot  for  twenty-four 
hours  very  nearly  equals  2  acre-feet,  or,  in  exact  figures,  1.983471  acre- 
feet.  This  multiplied  by  the  number  of  days  in  the  month  will  give 
the  total  monthly  discharge  in  acre-feet.  This  quantity,  therefore, 
must  be  multiplied  by  28  for  the  month  of  February,  or  29  for  that 
month  in  leap  year,  and  by  30  or  31  for  the  other  months. 

For  the  month  of  February  when  it  has  28  days  the  factor  to  be 
used  is  55.537188.  For  convenience  in  computation  this  factor  multi- 
plied from  1  to  9  is  given  on  the  following  page: 
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1 _ 55.53719 

2 111.07438 

8 - - 166.61157 

4 222.14876 

5 277.68596 

6 _... 333.22315 

7 388.76034 

8 444.29753 

9 499.83-472 

When  February  has  29  days  the  factor  to  be  used  is  57.520659. 

i;vhen  multiplied  from  1  to  9  is  as  follows: 

1 57.52066 

2 _ 115.04132 

3 .-   172.56199 

4 ..  230.08265 

5 287.60331 

6 345.12397 

7 402.64463 

8.-._ 460.16530 

9 _ 517.68596 

Table  for  converting  second-feet  into  acre-feet  per  month. 


Thii 


Second-feet. 


1. 

2- 

3. 

4. 

5. 

6. 

< . 

8. 

9. 
10- 
11. 
Vi. 
\'.\. 
14. 
15. 
IG. 
17. 
18. 
19. 

aij. 

21. 
22. 
23. 
24. 
25- 
2«. 
27. 
28. 
29. 

:«). 

31. 

;«. 

33. 

:i4. 

J15. 
36. 
37. 

;w. 

3J». 
40. 
41. 
42. 
4^J. 
44. 
45. 
40 . 
47. 
48. 
49- 
«». 


Acre-feet  i  Acre-feet 
per  30  days  per  31  days. 


Second-feet. 


1, 
1, 
1, 
1. 
1. 
1, 
1, 
1, 
1, 
1, 

I: 

1, 

1. 

1. 

1, 

1, 
'> 

•»« 

»> 

x. 

2. 

o 

«*i 

2 

•>' 

•> 

o 
•> 
o 

o 
o 
•> 


59. 
119. 
178. 
2:i8. 
297. 
3.57. 
416. 
476. 
535. 

fm. 

714. 
773. 
833. 
892. 
ft52. 
Oil. 
071. 
130. 
190. 
249. 
309. 
368. 
428. 
487. 
547. 
6(J6. 
666. 
725. 
785. 
844. 
904. 
9t«. 
(J2:j. 
082. 
142. 
201. 
261. 

:i2o. 

3S(). 

4:jn. 

4W». 

.V>8. 
618. 


604 
008 
512 
017 
521 
025 
.529 

o:b 


677 
737 


H,5»). 
915. 
975. 


(Ml 
545 
050 
554 

058 
562 
066 
570 
074 
.57H 

im 

r)87 
im 

595 
099 
603 
107 
612 
116 
620 
124 
628 
132 
636 
140 
645 
149 
653 
1.57 

m\ 

165 
♦569 
173 
678 
182 
tJStJ 
I'.IO 
694 
198 
7<n.' 
2(^7 


61. 
122. 

184. 
24o. 
307. 
868. 
Hm 
491. 
55:). 
614. 
676. 

Hit. 

799, 
8^R). 

mi. 

1.045. 
1,106. 
1.168. 

1.  »ir»J, 
1,291. 
1,:J52. 
1.414. 
1.47.>. 
1,537. 
1,598. 

hm). 

1,721. 

l,78;i. 

1,H44. 

1,9W5. 
1.9t}7. 
2.029. 
2,090. 
2.1.52. 

2,275. 

2,:m. 

2.:RJ8. 
2.459. 
2,52^J. 
2,582. 
2,6t3. 
2. 7ft"). 

2,  :i]ii. 
2. 82«. 
2. 8.*<9. 
2.951. 
3.012. 
3.074. 


488 
975 
463 
950 
438 
926 
413 
901 

'.m 

876 

a5i 

339 
826 
314 
H(I2 
289 

4  4  < 

264 
752 

240 
727 
215 

:•« 

190 
678 

i(i5 

653 
140 
628 
116 

6(.n 

091 
578 
066 
.554 
(KH 
529 
016 
504 
992 
479 

m: 

454 

9*2 
4:J0 
917 
4^15 
892 


I  Acre-feet    Acre-feet 
per90day&  per  31  day sl 


51. 
IK. 
63. 
54. 
55- 
56. 
67. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65- 

m. 

67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80- 
81. 
82. 
8:j., 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
IH)  - 
97. 
98 
W . 
100  . 


3,03I.7U 
3,094.215 
3.153.719 
3,213.223 
3,272.?i7 
3,332.231 
8,a91.7:i5 
3,451.240 
8,510.744 
8,570.24S 
3,(C».752 
3,689.256 
8,748.760 
3,808.264 
3,867.768 
3,927.273 
3,986.777 
4,046.281 
4. 105. 783 
4,165.289 
4,224.793 
4,284.297 
4,313.^01 
4,403.:iU0 
4,462.810 
4.522.314 
4,  .581. 818 
4,ft(1.322 
4,700.826 
4.760.330 
4,819.8;J5 
4,879.339 
4.938.843 
4.998.347 
5,057.851 
5.117.a55 
5.176.859 
5,236.363 
5,295.868 
5.355.;i72 
5.414.870 
5,474.380 
5.533.884 
5.583.;)88 
6.a52  892 
5,712.3JW 
5,771.901 
.5.831.4<i5 
.5.890.909 
5.950.413 


3.1.35.868 
3,197.355 
3,2o8.>v4;j 
3,330.  :«• 
3,:381.81^ 
3,443.3!»i 
8.5l>4.7»J 
3.566.281 

8.a*7.:6« 

3.689.256 
3,7.50.744 
3.812.2:J1 
8.8^  719 
3.»{5  2!i6 
o.9!«.694 
4,UVvl'e 
4.119.dd9 
4.181.157 
4.242.644 

4,:XM.i:)S 
4.:M5.62II 
4,427.1lC 
4.488  595 
4.MO.<*5S 
4.611.570 
4,673.058 
4, 734.  .545 
4.796.00:) 
4.857.53U 
4.919.UJP 
4.980.496 
5.(H1.9«3 
6.1(0.471 
5. 1(U.  95S 
5.2iH.446 
5.287.KJ4 
o.:U9  421 
5.410.»)9 
5.472.336 
.5, 533  884 
.5..W5,.'?72 
6,tw6.>v» 
5.718  :i47 
5. 779.  SU 
5.841  3£i 
5.9IK  810 
5.9W  297 
6.165.785 
6.«>J7  2"-» 
6.  l4^.  760 
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For  the  months  containing  30  days,  viz,  April,  June,  September, 
and  November,  the  factor  to  be  used  is  59.5041300.  This  when  mul- 
tiplied by  the  unit  figures  is  as  follows: 

1 59.50413 

2 119.00827 

3 178.51240 

4 238.01653 

5 297.52066 

6 357.02480 

7- -.  416.52893 

8 476.03306 

9 - 535.53720 

For  the  months  containing  31  days,  \iz,  January,  March,  Mny, 

July,    August,    October,   and   December,  the  factor  to  be  used   is 

01.4876010.     This  when  multiplied  by  the  unit  figures  is  as  follows: 

1 61.48760 

2 122.97521 

3 _  184.46281 

4 , 245.95042 

5 307.4.'5802 

6 368.92562 

7 430.41iJ23 

8 - -  491.90083 

9 -. 553.38844 

The  run-off  per  square  mile  is  obtained  by  simply  dividing  the 
average  for  the  month  by  the  total  number  of  square  miles  in  the 
drainage  basin,  which  is  us'ually  ascertained  by  planimcter  measure- 
ments from  the  best  map  available.  Being  a  rate  of  flow  it  is  inde- 
pendent of  time,  and  therefore  the  numbei'  of  days  in  each  month 
does  not  enter  into  the  ratio. 

llie  depth  of  run-off  over  the  drainage  basin  is  usually  computed 
in  inches  for  convenience  of  comparison  with  the  depth  of  rainfall, 
which  is  almost  invariably  given  in  that  unit.  This  depth  can  most 
conveniently  be  computed  from  the  run-off  per  square  mile  by  com- 
putation based  upcm  the  number  of  days  in  each  month  and  tlie 
relation  between  the  rate  of  flow  and  the  depth  in  inches  for  this  quan- 
tity  were  it  held  during  the  given  number  of  days.  One  second- foot 
for  twenty-four  hours  is  equivalent  to  8(>,400  cubic  feet  in  one  day. 
In  other  words,  1  cubic  foot  per  second  run-off  from  1  square  mile 
would,  if  held  upon  this  area,  cover  it  to  a  depth  represented  by 
<lividing  80,400  bj^  the  number  of  square  feet  in  a  mile,  27,878,400,  or 
i'>,280  squared.  Completing  this  division,  it  is  found  that  1  second- 
foot  for  one  day  is  equivalent  to  a  body  of  water  covering  1  square 
mile  0.003099174  feet,  or  0.037190082  inch.  Multiplying  this  by  the 
number  of  days  in  a  month  gives  the  following  factors: 

28  days 1.041822296 

29  days _  1.07S512378 

30days_ .__ 1.115702460 

31  days 1.152892542 
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Table  for  converting  second-feet  per  square  mile  info  depth  in  inches  per  tnoiith. 


Second'feet  per 
square  mile. 

28  days. 

29  days. 

Inches. 
1.079 
2. 1.57 
3.236 
4.3T4 
5.39.) 
6.471 
7.550 
8.628 
9. 707 
10.  785 

30  days 

31  days. 

1 

Inches. 
1.041 

2.(m 

3.124 
4.  I<i5 
5.207 
6.24W 
7.389 

8.;«i 

9.372 
10.413 

Itiches. 
1. 116 
2.231 
3.347 
4.4(S3 
5.579 
6.-H94 
7.810 
8.926 
10.  Wl 
11.137 

Inches. 
1.153 
2.906 
3.459 
4.612 
5.764 
6.917 
8.070 
9.223 
10.376 
U.529 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table  for  converting  run-off  in  second-feet  per  square  mile  into  depth  in  inches  jfcr 

month  of  30  and  SI  days. 


Second- 
feet  per      30        31 
square    days.'  days, 
mile. 


0.01... 
.02... 
.03... 
.04-.. 
.05-.. 
.<T6... 
.07... 
.08  .. 
.09... 
.10-. 
.11-. 
.12.. 
.13-. 
.14.. 
.15... 
.16.. 
.17.. 
.18.. 
.19.. 
.20.. 
.21.. 
.22.. 
.23.. 
.24.. 
.25-. 
.26.: 
.27.. 
.28... 
.29.. 
.30.. 
.31.. 
.32.. 
.33.. 
.34.. 
.35-. 
.38.. 
.37-. 
.38.. 
.39.. 
.40.. 
.41-. 
.42-. 
.43.. 
.44.. 
.45.. 
.4fi-. 
.47.. 
.48... 
.49.. 
.50... 
.51... 
.52-.. 
..53.. 
.54... 
.55... 
.5ti... 

.58... 
.50... 


Inch. 

Inch. 

0.01 

0.01  1 

.02 

.02  1 

.03 

.03  ' 

.04 

.05  i 

.06 

.(W 

.07 

.07 

.08 

.08  1 

.00 

.09  ' 

.10 

.10 

.11 

.12 

.12 

.13 

.13 

.14 

.15 

.15 

.16 

.16 

.17 

.17 

.18 

.18 

.19 

.2r) 

.20 

.21 

.21 

.22 

.22 

.23  1 

.23 

.24' 

.25 

.25 

.20 
.27 
.28 
.29 
.30 
.31 
.32 
.33 
.35 
.36 
.37 
.38 
.39 
.40 
.41 
.42 
.44 
.45 
.46 
.47 
.48 
.49 
.50 
.51 
..52 
.54 

.56 

.Hi 

.58 
..50 
.80 
.61 
.62 
.64 
.65 
.66 


.27 
.28 
.29 

.:«) 

.31 
.32 
.33 

.a5 

.36 
.37 
.38 
.30 
.40 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
..50 
.51 
.52 
..53 
..W 
.55 
M 
..58 
.50 
.60 
.61 
.62 
.63 
.65 

.m 

.67 

.68 


Second- 
feet  per 
square 
xnlle. 


days.  days. 


.60. 
.61. 
.62. 
.63. 
.64. 
.65. 
.66. 
.67. 
.(58. 

69. 

70- 

71. 

72. 

73. 

74. 

7.5- 


!   •": 


76. 

77. 

T8. 


.79... 

.80... 

.81.,.. 

.82.... 

.83.... 

.84.... 

.8.5..-. 

.88.... 

.87... 

.88.... 

.89.... 

.00... 

.01... 

.02... 

.03.... 

.04.... 

.05... 

.96.... 

.07... 

.08... 

.00.... 
1.00.... 
1.01 


1. 
1. 
1. 
1. 
1. 
1. 


(B. 

(>3. 

04- 

05. 

06. 

07. 
1.08. 
l.(» 
1.10. 
1.11. 
1.12. 
1.13. 
1.14. 
1.15. 
1. 16. 
1.17. 
1.18. 


30 


31 


Inch. 
.67 

.68 

.60 

.70 

.71 

.73 

.74 

.75 

.76 

.77 

.78 

.79 

.80 

.81  , 

.83  I 

.84  ! 

.85  I 

.86  ; 

.87  I 

.88  I 

.89 

.00 

.91 

.0'J 

.04 

.05 

.06 

.97 

.08 

.00 

1.00 

1.02 

1.03 

1.04 

1.05 

1.06 

l.(»7 

1.08 

1.00 

l.U) 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.18 

1.10 

1.20 

1.22 

1.23 

1.24 

1.25 

1.26 

1.27  I 

1.28  i 
1.20  I 
1.31  I 
1.32 


Inch. 
.60 
.70 
.71 
.73 
.74 
.75 
.76 
.77 
.78 
.80 
.81 
.82 
.83 
.84 

.a5i 

.86  I 
.88! 
'.80  1 
.90  ! 
.011 

.93' 
.05  I 
.961 
.07  1 
.08 
.09 
1.00 
1.01 
03 
04 
(6 
06 
07 
i.08 
10 
Ml 
12 
13 
14 
15 
[.16 
18 
19 
20 
21 
22 
1.23 
.25 
.26 
.27 
.28 
.29 
..30 
.31 

.3:3 
.a5 

.36 


Second- 
feet  per 
square 
mile. 


.19.... 
.20.... 
.21.... 

.23... 
.24.... 
.35... 
.26.-. 
.27.... 
.28.... 
.29.... 
.30.... 
.31.... 
.32.... 
.33.... 
.34... 
.35  ... 
.36... 
.37.... 
.38.... 
.39... 
.40.... 
.41... 
.42.... 
.43.... 
.44.... 
.45... 
.44i.... 
.47.... 
.4«.... 
.49..  . 
.50.... 
.51 

. 9m. . . . 

.5!}.... 
.54.... 

.55 

.56.... 
..57.... 
..58.... 
.59.... 
60.... 
.61.... 
.62.... 
.63.... 
.64.... 
.65.... 

.m.... 

.67.... 
.68.... 
.♦50.... 
.70.... 
.71.... 
.TZ.... 

.rj  ... 

.74.... 

.iO 

.76-... 


:30   I    31    i 
days.  days. 


Inch. 
1.33 
1.34 
1.35 
1.36 
1.37 
1.38 
1.39 
1.41 
1.42 
1.43 
1.44 
1.45 
1.46 
1.47 
1.48 
1.50 
1.51 
1.52 
1.53 
54 
55 
56 
57 


1.58 


1. 
1. 


I 


60 
61 
1.62 
1.63 
1.64 
1.65 
1.66 
1.67 
1.68 
1.70 
1.71 
l.?2 

1.7:3 

1.74 

1.  iXi 

1.76 
1.77 
1.79 
1.80 
1.81 
1.82 
1.83 
1.H4 
1.85 
1.86 


1.87 
1.89 
1.90 
1.91 
1.02 
93 
94 
LJ)5 
1.06 
1.97 


1. 
1. 


Indh. 
.37  I 
.38  I 
.o9  , 

•*^ 
.42  ' 

.43 

.44  I 

.45  I 

.46  , 

48  , 

.40  , 

.50 

.51  ' 

.52  I 

..53  I 

.54  I 

.56  r 

.57 

.58 

.  fw 

.60 

.61 

.63 

.64 

.65 

.66 

.67 

.68 

.00 

.71 

.72 

.ra 

.74 
.75 
.76 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.86 
.87 
.88 
.80 
.90 
.01 
.»{ 
.94 

.a5 

.07 

.98 
.  Wi 

2.01 
2.08 
2.03 

2.m 


m       \ 


Second-  \ 

feet  per  <    90 

square  dajrs- 
mile. 


I    .a 
day? 


1.78. 
1.79. 

1.80 

1.81 

1.82 

1.83 

1.84 

1.85 

1.86 

1.87 

1,88 

1.89 

1.90 

1.91 

1.98 

1.98 

X. vs. ••..«» 

1.95 

1.96 

1.97 

1.98 

1.99 

2.00 

S.Ol 

2.(B 

2.08 

2.04 

2.05 

2.06 

2.07 

2.08 

2.00 

2.10. 

2.11 

2.12 

2.13 

2.14 

2.16 

2.16. 

2-17 

2.18 

2.19 

2.  a) 

2.21. 

2  22 

2.2:3 

2.24 

2.25 

2.25. ...... 

2.27  .... 

2.28. 

2.20 

2.30. 

2.31 

2.32 

2.33 

2.34 1 

2.36 

2.36. 


Inch 

1.99 

2.n(> 

2.01 

2.(fi 

2.  IB 

2.04 

S.05 

2.06 

3.06 

2.U9 

2.10 

2.11 

2-12 

2-13 

2.14 

2.15 

S.16 

2.18 

2.19 

2.30 

2.21 

2!« 
2.24 
2.25 
2-26 
2.28 
2.29 
2.30 
2.31 
2.38 
2.33 
2.34 
2.35 
2.37 
2.38 
2.39 
2.40 
2.41 

2.43 
2.44 
2  4£> 
2.47 
2.4S 
2.49 
2.5l> 
2.51 
2-52 
2.a3 
2.54 
2.55 
2.57 
2.58 
2.» 
2.00 
2.61 
2.«S 


p        ^ 


Inch 
i  <»• 

2  '.'• 
2  Jl 
2.ii 
2.n 
2.W 
f.l« 


2.17 
2-b 
2  1^ 
2  3« 
2.21 
2Li^ 
2.  it 
2S 
2.36 

■*  *r 

2.A 
2.2 
i:e 
t.^ 
2.05 
i» 
iS 
2.31 
2.*) 
2U 
2lC 
2^ 
2. +4 
2  ¥' 
-« 
2-t^ 
t.m 
2  >' 
2.51 

2.:^ 


•J  .  I 

'J  ?.' 
2 ».'. 

2* 
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Table  fwr  converting  run-off  in  second-feet  per  square  mile,  etc. — Continned. 


Second- 
feet  per 
square 
mile. 


2.37 
2.38 
2.39 
2.40 
2.41 
2.42 
2.43 
2.44 
2.45. 
2.46 
2.47 
2.48 
2.49. 
2.50. 
2.51 
2.52 
2.53 
2.>4 
2.55 
2.56 
2.57 
2.58 
2.50. 
2.60. 
2.61 
2.62. 
2.63 
2.64. 
2.66. 
2.66. 
2.67 
2.68. 
2.60. 
2.70 
2.71. 
2.72. 
2.73. 

2.75- 
2.76. 
2.77. 


30 
days. 


Inch, 
2.64 
2.66 
2.67 
2.68 
2.60 
2.70 
71 
72 
73 
74 
76 


31 
days. 


I 


2. 
2. 
S. 

2. 

2. 
2.77 

8.78 
2.79 
2.80 
2.81 
2.82 
£.83 
2.86 
2.86 
2.87 
2.88 
2.89 
2.90 
2.91 
2.92 
2.93 
2.05 
2.96 
2.97 
2. 98 
2.99 
3.00 
3.01 
3. 02 
3.  US 
3.05 
3.00 
3.07 
8.0b 
3.00 


Inch. 
2.73 
2.74 
2.76 
2.77 
2.78 
2.79 
2.80 
2.81 
2.82 
2.84 
2.85 
2.86 
2.87 
2.88 
2.89 
2.91 
2.92 
2.98 
2.94 
2.95 
2.96 
2.97 
2.99 
3.00 
8.01 
3.02 
3.  OB 
3.04 
3.06 
3.07 
3.08 
3.00 
3.10 
8.11 
3.12 
3.14 
3.15 
3.16 
3.17 
3.18 
3.19 


Second- 
feet  per 
square 
mile. 


2.78  . 
2.79., 
2.80.. 
2.81.. 
2.82.. 
2.83.. 
2.84.. 
2.85.. 
2.86., 
2.87.. 
2.88.. 
2.89.. 
2.90.. 
2.91.. 
2.92.. 
2.98.. 
2.94.. 
2.95.. 
2.96.. 
2.97.. 
2.98.. 
2.99  . 
3.00.. 
3.01.. 
3.02.. 
3.03  . 
O.04.. 
3.05.. 
3.08.. 
3.07.. 
3.08.- 
3.09.. 
3. 10. . 
3.11.. 
3. 12. . 
3. 13-. 
3.14.. 
3.15.. 
3. 16. . 
3.17.. 
3. 18. . 


30 
days. 


31 
days. 


Second- 
feet  per 
square 
mile. 


Inch. 

Inch. 

3.10 

3.21 

3.11 

3.22 

3.12 

3.23 

3.14 

3.24 

3.15 

3.25 

3.16 

8.2B 

8.17 

8.27 

3.18 

3.29 

3.19 

3.30 

3.S» 

3.31 

8.21 

3.32 

3.22 

3.38 

3.24 

3.34 

3.25 

3.85 

3.26 

3.37 

3.27 

3.:« 

3.28 

3.39 

3.29 

3.40 

3.30 

8.41 

3.31 

3.42 

3.32 

3.44 

3.34 

3.46 

3.35 

3.46 

3.:i6 

3.47 

3.37 

8.48 

ii.i» 

3.49 

3.:« 

3.50 

3.40 

3.52 

3.41 

3.53 

3.43 

3.54 

3.44 

8.55 

3.45 

3.56 

3.46 

3.57 

3.47 

8.59 

3.48 

3.60 

3.49 

3.61 

3.50 

8.62 

3.51 

3.63 

3.53 

3.64 

3.54 

3.65 

3.55 

3.67 

3. 
3. 
3. 


3.19. 
3.20. 
3.21. 
3.22. 
3.23. 
3.24. 
3.25. 
3,28- 
3.27. 
3.28. 
3.29. 

aao. 

3.81 

3.32. 

3.33. 

34. 

35. 

36. 
3.87.. 
3.38.. 
3.39.. 
3.40. 
3.41.. 
3.42. 
3.48. 
3.44.. 
3.45. 
3.46 
3.47- 
3.48.. 
3.49.. 
3.50. 
3.51 
3.52.. 
3.53.. 
3.54.. 
3.55  . 
3.56.. 
3.  .57.. 
3.58-. 
3.50.. 


80 

31 

days. 

days. 

1 

Inch. 

Inch. 

3.56 

3.68 

3.57 

3.69 

3.58 

3.70 

3.60 

8.71 

3.60 

,    3.72 

3.61 

!    3.74 

3.68 

.    3,75 

3.64 

1    8.76 

3.65 

,    3.77 

3.66 

8.78 

3.67 

3.79 

3.68 

3.80 

3.60 

3.82 

3.70 

3.8!) 

3.71 

3.84 

3.73 

3.85 

3.74 

3.86 

3.75 

3.87 

3.76 

3.  HO 

3.77 

3.90 

3.78 

3.91 

3.79 

3.92 

3.80 

3.93 

3.82 

3.94 

3.83 

3.95 

3.84 

3.97 

3.85 

3.98 

3.86 

3.99 

3.87 

4.00 

3. 88 

4.01 

3.89 

4.02 

3.90 

4.04 

3.92 

4.05 

3.93 

4.06 

3.94 

4.07 

3.95 

4.08 

3.96 

4.09 

3.97 

4. 10 

3.98 

4.12 

3.99 

4.13 

4.01 

4.14 

Second- 

1 

feet  per 

30 

square 

days.  ( 

mile. 

1 

Inch. 

3.60 

4.02 

3.61 

4.03 

3.62 

4.m 

3.68 

4.(16 

8.64 

4.06  1 

3.65 

4.07 

3.66 

4.08 

3.67 

4.00 

3.68 

4.11  < 

3.60 

4.12 

8.70 

4.13 

3.71 

4.14  , 

3.72 

4. 15  ' 

3.73 

4.16  , 

a  74 

4. 17  < 

3.75 

4.18 

3.76 

4.2i» ; 

3.n 

4.21  1 

3.78 

4.1^2 

3.79 

4.2:^ 

3.80 

4.24 

3.81 

4. 25 

3.82 

4.26 

3.853 

4.27 

3.84. 

4.2S 

3.85 

4.  ;u) 

3.W- 

4.31 

3.87 

4.:i2 

3.88 

4.m 

3.89 

4.5)4 

3.90 

4.35 

3.91 

4.  .'56 

3.92 

4.37  1 

3.93 

4.* 

3.94 

4.4<> 

3.95 

4.41 

3.96 

4.42 

3.97 

4.43 

3.98 

4.44 

3.TO 

4.45 

4.00 

4.443  1 

31 


Inch. 
4.15 
4.16 
4.17 
4.18 
4.20 
4.21 
4.22 
4.23 
4.24 


25 

27 
28 
29 
30 


4.31 


32 

33 

,35 

36 

,37 

,38 

,:i9 

40 

42 

Hi 

U 

45 
46 
4.47 
4.48 
4.50 


4. 
4. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


51 

52 

54 
55 
57 
58 
4.59 
4.60 
4.61 


INSTRUCTIONS  TO  COMPUTERS. 
(^AGE   HEIGHTS. 

A  careful  inspection  of  tabulated  gage  heights  frequently  will 
reveal  errors  made  in  reading  the  rod  or  subsequently  introduced  by 
transcribing,  which  on  the  face  of  them  are  incongruities  or  physical 
impossibilities.  For  example,  take  the  accompanying  table  of  th(» 
low- water  flow  of  Coosa  River  at  Rome,  Ga.,  during  part  of  the  month 
of  October,  1800.  An  insi)ection  will  reveal  at  once  that  the  gage 
October,  1899.  height  for   October   11   is  to   be  viewed  with  suspicion. 

I ^f!  Although  a  sudden  rise  of  1.30  feet  in  twenty-four  hours 

3 80  might  be  expected,  at  this  low  stage  of  the  river  a  drop  of 

* *  1  foot  in  the  next  twenty-four  hours  would   be   a  very 

ti........   .m  improbable  occurrence.     Upon   looking  up   the   original 

'* "jp  record  it  will  be  found  that  the  correct  gage  height  for  that 

9........  iso  <lay  is  1  foot. 

1^ ^      In  working  up  gage  heights  and  records  of  discharge 

12...."..   ^90  measurements  computers  should  always  be  on  their  guard 

13 TO  for  errors  of  this  nature,  although  the  data  bear  check 

jg "  *gQ  marks  or  initials  indicating  revision.     In  cases  of  this  kind 

16 60  the  stage  and  locality  of  the  river  should  be  taken  into 

IRR  56—01 4 
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account,  for  a  fluctuation  similar  to  that  just  illustrated  would  be 
quite  characteristic  of  the  river  at  a  hiij^her  stage,  say  during  the 
spring-flood  season;  or,  again,  it  would  be  entirely  compatible  with 
the  erratic  behavior  of  streams  in  the  arid  regioiis,  as,  for  instance. 
Queen  Creek,  Anz.,  at  any  season  of  the  year.  Manj'  errora  in  gagt» 
reading  are  due  to  observers  mistaking  feet  for  tenths  or  tenths  for 
hundredths.  A  careful  scrutiny  of  the  general  behavior  of  the  stream 
and  the  exercise  of  a  little  judgment  will  often  be  found  fruitful  in 
determining  the  true  relations. 

RATING  TABLES. 

Rating  tables  should  be  made  in  all  I'espects  complete.  They  should 
contain  the  discharges  for  tlie  lowest  as  well  as  for  the  highest  gage 
heights  occurring  during  the  period  to  which  they  are  applicable.  If 
the  gage  at  a  station  has  been  read  to  tenths  of  a  foot  onlj'-,  the  dis- 
charge in  the  rating  table  should  be  given  for  every  tenth,  and  where 
gage  readings  are  carried  out  to  hundredths  of  a  foot  the  rating  table 
should  give  values  for  each  half  tenth.  In  applying  rating  tables  of 
the  latter  class  the  gage  readings  are  mentallj^  reduced  to  the  nearest 
half  tenths  and  the  corresponding  discharge  values  are  taken  from 
the  rating  table.  This  applies  to  all  rivers  and  creeks,  with  the 
exception  of  small  streams  and  canals  the  observations  on  which  have 
been  made  with  special  care,  in  which  cases  the  rating  tables  should 
be  constructed  to  furnish  values  for  single  hundredths. 

In  constructing  rating  tables  great  stress  is  laid  on  the  necessity  of 
avoiding  the  occurrence  of  negative  second  differences.  The  incre^ 
ments  of  the  differences  between  the  divscharges  of  successive  increas- 
ing gage  heights  may  vary  from  a  given  quantity  down  to  zero,  as  in 
the  case  of  a  rating  curve  changing  into  a  straight  line,  but  in  no 
instance  should  the  values  of  these  increments  or  second  differences 
become  negative,  implying  the  occurrence  of  a  reverse  curve  in  any 
portion  of  a  rating  curve.  Although  theoretically  not  impossible,  the 
occurrence  of  a  reverse  curve  is  only  admissible  under  certain  pecu- 
liar local  conditions  existing  in  the  stream  channel  at  or  near  the 
gaging  station,  conditions  which  are  generally  avoided  in  establishing 
stations. 

AVERAGES,  RUN-OFFS,  ETC. 

Gi'eat  care  should  be  exercised  in  obtaining  the  mean  monthly  flow 
in  second-feet  to  divide  the  total  for  a  month  by  the  actual  number 
of  days  recorded  in  that  month,  i.  e.,  not  necessarily  by  the  total  num- 
ber of  days  in  the  month,  28,  29,  30,  or  *31,  as  the  case  may  be,  but  by 
the  number  of  days  for  which  the  gage  heights  ai'e  given.  Omissions 
in  gage  readings,  due  to  a  variety  of  causes,  give  rise  to  frequent  gaps 
in  the  records,  and  these  should  not  escape  the  attention  of  the 
computer.     From  the  monthly  means  or  averages  so  obtained  are  com- 
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puted  the  run-off  per  square  mile,  the  run-off,  in  inches,  on  the  water- 
shed, and  the  total  number  of  acre-feet  for  the  month.  In  case  of 
fractional  months  or  incomplete  I'ecords  the  monthly  average  should 
be  treated  as  the  average  for  a  full  month  whenever  the  character  of 
the  partial  record  is  such  as  fairly  to  represent  the  flow  of  the  river 
during  the  entire  month. 

Thus  an  incomplete  record  of  flow^  for  a  month  during  the  low-water 
season  may  in  most  cases,  without  appreciable  error,  be  given  the 
weight  of  a  full  record,  and  the  average  run-offs  and  acre-feet  be 
treated  accordingly.  On  the  other  hand,  a  gap  of  six  days  in  the 
record  for  a  high- water  month  may  frequently  mean  the  omission  of  a 
large  flood,  perhaps  too  large  to  be  measured  and  recorded,  and  the 
amount  of  water  discharged  during  those  six  days  may  have  equaled 
the  total  discharge  of  the  river  for  the  remainder  of  the  month.  Con- 
sidering the  mean  of  such  a  record  as  the  mean  for  the  entire  month 
would  evidently  introduce  here  an  error  of  100  per  cent.  In  such  a 
ease  the  proper  method  of  procedui*e  is  to  compute  the  run-offs  and 
acre- feet  for  the  exact  number  of  davs  recorded,  and  insert  a  foot- 
note  stating  the  number  of  days  that  they  represent. 

Again,  four  or  five  readings  taken  at  intervals  during  a  winter 
month,  when  the  river  is  partly  frozen  and  its  flow  practically  devoid 
of  material  fluctuations,  will  be  ample  upon  which  to  base  general 
figures  of  run-offs  and  acre-feet.  The  mean  in  such  a  case,  however, 
will  not  be  the  arithmetical  mean  of  the  four  or  five  records  available, 
but  an  approximation,  in  round  numbers,  to  that  arithmetical  mean. 
Such  a  figure  should  always  be  accompanied  by  a  footnote  stating 
that  it  is  approximate. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  D.  C. ,  Jvlxj  31,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  preliminary  list  of 

deep  borings  in  the  United  States  (400  feet  or  more  in  depth),  by  Mr. 

N.  H.  Darton,  with  the  request  that  it  be  published  in  the  series  of 

Water-Supply  and  Irrigation  Papers. 

Very  resi)eetfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey, 


PRELIMINARY  LIST  OF  DEEP  BORINGS  IN  THE  UNITED 

STATES. 

PART  I.— AliABAMA-MONTANA. 


By  N.  H.  Darton. 


INTRODITCTIO:?^. 

The  wells  and  borings  reported  in  the  paper  are  all  more  than  400 
feet  in  depth.  The  information  concerning  them  has  been  obtained 
partly  from  replies  to  circular  lettera  sent  to  all  parts  of  the  United 
States  and  partlj'^  from  geological  reports  and  other  published  sources. 
Owing  to  the  difficulty  of  obtaining  replies  to  the  circulars,  to  lack 
of  knowledge  on  the  part  of  correspondents,  and  to  the  incomplete- 
ness of  published  records,  doubtless  there  are  borings  which  have  not 
been  reported.  In  regions  of  oil  and  gas  wells,  where  borings  are 
numerous,  the  individual  w^ells  can  not  be  listed  here,  but  representa- 
tive wells  are  given.  References  to  logs  or  records  of  the  wells,  or 
extended  descriptions  of  them,  are  given  in  footnotes,  and  after  the 
list  of  wells  in  each  State  there  is  added  a  list  of  the  principal  publi- 
cations relating  to  deep  borings  in  that  State. 

The  bearing  of  the  information  given  in  the  columns  of  the  lists 
probably  is  apparent,  unless,  perhaps,  in  the  one  headed  '*  Height  to 
which  the  water  rises."  In  this  column  an  entry  such  as  **— 45" 
indicates  that  the  water  rises  to  within  45  feet  of  the  surface;  "+  45" 
indicates  that  it  is  a  flowing  well  and  has  sufficient  head  to  raise  the 
water  45  feet  above  the  surface  in  an  open  pipe  45  feet  or  more  in 
height.  TJie  yield  in  gallons  per  minute  usually  is  estimated.  Depths 
and  diameters  often  have  be<m  reported  from  memory,  and  different 
sources  of  i)ublication  sometimes  give  different  figures.  Most  wells 
which  are  not  stated  to  be  "for  oil,"  "for  gas,"  "brine,"  "aban- 
doned," etc.,  in  the  remarks  column,  or  "not  any"  in  the  yield 
column,  generally  afford  more  or  less  water.     Many  of  the  gas  and 

oil  wells,  active  or  abandoned,  yield  salt  water. 
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AliABAMA. 


Location. 


Annlston 

Arrostrong 

Birmingham . . . 
Bladen  Springs 


Calhoun  . 
Macon  ... 
Jefferson 
Choctaw  - 


Bognechitto 

Do 

Boligee.» 

Do.J 

Do.» 

Do.» 

Boligee  (at  Finche's 
ferry).* 

Brantley 

Bnghall 

Burton  Hill* 

Do.  » ; 

Do.» I 

Butler 

Cahaba> 

Cahaba  (on  river)  > . . . 
Cahaba  (6  miles  be- 
low). » 

Cahabai 

Carpenter 

Culunan 

Demopolis 

Do , 

Do 

Do. 

Demopolis  .(3   miles 

south). 
Demopolis  (4  miles 
nortneast). 

Dothan 

Epes 

Eutaw* 

Eutow      (10     miles 
southwest).' 

Faunsdale 

Fayette 

Pltzpatrick 

Florence 


Dallas.. 

do.. 

Greene. 

do.. 

do-. 

do.. 

do. 


Crenshaw. 
Bullock  ... 

Greene 

do 

do 

Choctaw . 

Dallas 

do.... 

do 


do.... 

Jackson . 

Cullman 

Marengo 

do... 

do... 

....  do.... 
do..-. 


.do 


Forkland 

Fort  Morgan 
Greensboro . 


Do do 

Do do 

Greensboro  (10  miles   do 

southwest). 

Greenville    Butler 

Guntersville Marshall 

Hairston '  Greene. 

Hanover  (?) Coosa... 

Harris Barbour 

Do do... 


Henry  . 
Sumter 
Greene. 
do.. 


Marengo... 

Fayette 

Bullock  .... 

do 

Lauderdale 


Greene. 


Hale 


Hartsell* Morgan 


Hatchechubbee Russell 


Hunters  Field Dallas 

Hurtsboro Ruw^sU 

Do do 

Do do 

Jennings  (3  miles  Jjawrence. 
southeast).^ 


400-4)50 

442 

650 

1,300 


±400 
460 
415 
4^ 
468 
S22 
660 

600 
920 
544 
420 
565 
660 
4(Ki 
600 
660 

728 
400 
700 
r65 
735 
850 
800 

i.a^o 

600 

625 

700 

743 

440-550 

700 

600 

900 

1,300 

+400 

575 
700 


Inches. 

8 


6 


6 


8 
4 
6i 
3 


8 


6 
6 


1,600  I. 
450orh50? 

I 

t4«) 
l.UN{  ' 
.530 
4^ 
7(X) 
780 


1,730 


12 

10-8 
86 


Yield      Heisrht 
per     j       of 
mmute.!  water. 


GdUon».      Feet. 
096  I        -  30 


70 


-  80 
+  70 


Oi 
75 


■f  25 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 


80 
"250 

1.200 


80 
16 
60 

Many. 

Many. 

200 


-  30 
"a 


8 


12 


20 
Many. 


Many. 

100 

4 


420 


»> 


+  20 
+  12 
Flowa 
+  62 
-30 

Flow. 

-160 

■f    li 
-  10 


+    2k 

-  80 

-  80 
-30 


+    8 


-  ao 


Bemarks. 


Several  wells. 
Good  water. 

Water  salt;  first  flow 
at  SOU  feet,  8ecr>nd 
flow  at  60O  feet. 

In  sec.  8,  T.  18,  R.  8  E. 

Temp.,68«. 

Temp.,  68*. 

Temp.,66o. 

Temp.,fl6i«. 

Temp..  70*. 

Temp.,  71*. 

Good  flow;  2  wells. 

Unsuccessful. 

Temp.,70». 

Temp.,76*. 

Temp.,73|'». 
Temp.,  70*. 
Two  wells. 

Temp.,  77  j«. 
Unsuccessful. 
City  well. 
Temp.,W«». 


Several  wells. 


Temp., 71"- 7S*";  four 
wells. 


For  gas;   unsuccess- 
ful. 


Several  wells;   good 
water. 


Two  wellfk. 
.    Temp.,eO«». 
+    2i   2i  miles  east. 
-  40 


550 

5 

6.'» 

4 

650 

3 

565 

3 

5,120 

6 

70 
±10 
±11 
±12 


No  flow. 

-  18 

-  9 

-  9 

-  23 


Abandoned;  milky 
water  at  140  feet  to 
—15  feet. 

1  mile  north  of  town: 
salt  water  at  352 
and  1.730  feet:  gas 
at 6ie and  I, (KM feet: 
sulpnur  water  at 
160  feet. 

Small  supply  of 
water  at  »0  feet. 


Gas,  oil,  and  salt 
ter. 


>  Record ,  Am.  Assoc.  Adv.  Science,  Proc. ,  vol.  10,  p.  95. 

'Each. 

'  Alaliama  Gool.  Surv.,  Report  on  Valloy  Regions,  Part  1,  pp.  62-63^ 

*  Ibid., pp.  61-62. 
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AI^ABAMA— Ck>iitinaed. 


Location. 


Laneville 

Do 

Do 

LarkiiiBville. 
Linden  


MobUe 

Do 

Do 

Do 

Do 

Montgomery 


Newbem 

Newmarket  > 

Oneonto 

Roba 

Ruasellville  .. 


Saint  Eimo 

Selma« 

Do 

Do 

Do 

Do 

Sledges 

S  pragne  Junction . . . 

Stewart 

Tank  Station 

Town  Creek^ 

Troy 

Tuskegee 

Do 

Union  Springs 

Do 

Do 

Do 

Do 

Union  town , 

Do 


County. 


Hale 

do... 

-  ..do... 
Jackson. 
Marengo. 


Mobile 

do 

do 

do 

do 

Montgomery 


Hale 

Madison  . 

Blount . . 
Macon  .. 
Franklin 


Mobile 
Dallas. 

do. 

do. 

do. 

do. 


Montgomery 

Hale ... 

Dallas 

Lawrence 

Pike 

Macon 

do 

Bullock 

do 


do... 

do... 

.....do... 
Perry . . . 
do... 


Depth. 


Feet. 

no 

719 

750 

400 

1,193 

TOO 
735 
800 
800 
850 
650-450 


475 
965 
600 
450 
+1,350 

550 
409 
470 
600 
487 
650 
490 
400 
600 
560 
515 

2.700 
500 
760 

1.000 
848^ 
8484 
569 
750 
895 

1,105 


Diame- 
ter. 


Yield      Heiffht 

per  or 

nunute.    water. 


Inches. 


6 


6 
6 


6 


6 
6 
6 


GaUona. 


400 

Many. 

500 

1,000 


974-0)0 


30 


230 


4 
8-6 


80 

110 

100 

Many. 


6 


6 

8 


6-24 

8 


90 


8 
8 


Many. 

150 
Many. 
Many. 

300' 


Feet. 

Flow. 

Flow. 


Flows 


+  90 

+  '76" 

-eo' 


+    4 
Flows. 


+  16 

+  28 
+  40 

-  60 

-  75 
+  8 
+  35 


-240 


-126 
-120 


Remarks. 


Temp.,  75*. 
Temp.,  76®. 
In  progress. 
Unsuccessful. 

Water  at  1,040  to  1,116 

feet. 
Temp.,  76'». 
Temp.,  78". 
Temp.,  76°. 
Temp.,  78*. 

Four  wells;  origi- 
nally flowed  to  +20 
feet. 


Good  water  supply. 
2  miles  east;  unsuc- 
cessful. 


Temp.,  67**. 
Temp.,  72*. 

Do. 
Temp..  68*. 
Four  wells. 


Temp..  70*. 

Abandoned. 

Unsuccessful. 

Do. 

Do. 


Good  water. 
Do. 

Water  from  870  feet. 


ARIZONA. 


Asb  Fork. 
Aubrey  .. 


Tavapai  . 

do.... 

Drake '  Mohave.. 

Florence Pinal 

Gila  Bend I  Maricopa 

Haviland Mobavo.. 

Mohave . . 

Yuma 

do  ... 

Maricopa 

do.... 

do... 

do.... 

do.... 


Kingman 

Mohawk 

Dc 

Phoenix 

Do 

Do 

Do 

Phoenix  (12   miles 
west.) 

Pima 

Saflord 

Sentinel 

Thatcher 

Wickenburg,  north- 
west of. 

Winslow 

Yucca 


Graham.. 

do..-. 

Maricopa 
Graham . . 
Maricopa 


Navajo 
Mohave 


1 


f  900  \ 

\     1,100  /-- 


1,025 

996 

488 

413 

1.300 

600 

900 

1,100 

1, 100 

500 

750 

475 

1,420 

1,475 

500 

420 

500 

1,029 

430 

400 

1,700 
534 


10 

12-8 

10 
6 


10 


Nowa-  In  volcanic  rock. 

ter. 

No  wa- 
ter.    I 

I  In  progress. 

Few.  I '  Well  never  used. 

-700 


Many, 
f    No 
I  water. 


5Mi 

28    

5 

-  20 

' 

1 
j , 

1 

No  flow. 

6 

50  '        -185 
Few.  1  No  flow. 



1 

1        -325 

■ 

r 

60  miles  north. 
3  wells. 

Abandoned. 


Not  completed. 
Unsuccessful. 

No  good  results. 

No  fresh  water. 
Satisfactory  water 
supply. 


»  Record,  Alalxama  Geoi.  Surv.,  Report  on  Valley  Regions,  Part  1,  p.  127. 
«  Record,  Am.  A-».«*oc.  Adv.  Science.  Proc.,  vol.  10.  pp.  97-98. 
» Record,  Pa. 2d  Gt-ol.  Surv.,  Report  II. p. 28:3. 
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ARKANSAS. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Inche8. 
6 

Yield 
mmnte. 

Heiffht 
water. 

Bemarka. 

Arkansas  City 

Bowen 

Desha 

Pike 

552 

400 

1,480 

466 

465 

482 

±700 

1,000 

±1,360 
500 
600 
860 
900 
800 
601 
500 
004 
+700 
1,800 
915 
840 

400-450 

466 
987 

760 

400 
460 
460 
510 

OaUons. 
Many. 
Many. 

Feet 

Temp.,  72«. 

No  flow. 

Payette  ville » 

Washington . 

St.  Prancis... 

do 

kind  in  connty. 

Forrest  City 

4 
6 
8-6i 

Many. 
Many. 

Do 

Gentry _ 

Benton 

do 

-  19 
No  flow. 

-  30 

Do 

Do 

do 

7 

Wat-er  At  7nn  luid  9>Ti 

Do 

do 

feet 

Helena  _ - 

Phillips 

Hempstead .. 

Garland 

Little  River 
do 

12  1  Many. 

Two  wells. 

Hope _ 

-  flO 

Hot  Springs . 

6 

13 

Hudson -. 

Do 

4 

6f 

Many. 

No  flow. 
-  60 
-125 
-110 

No  flow. 

Hantlnirton . 

Sebastian 

Drew 

do 

Water  from  160  feet 

Monticello  ....... 

8 

Do 



100 

Mena 

Polk 

10    Many. 

Magazine 

LoMBfan 

Jefferson 

do 

PineBlaff 

8  1        521 

-  30 

-  20 
Plow. 

Two  wellsL 

Do 

10 

186 

Prescott  (18  miles 

Nevada  

Howard 

Miller 

Hemiwtead.. 

Drew 

Sevier 

do 

SevATAl  waIIa. 

south). 

Saline  Landing  ^ 

Texarkana 

Washington   . 

6 
3 

200 

To  sur- 
face. 
-  35 

Weak  vein  of  water 

Wilmer  

at  104  feet 

White  Cllflfs 

+  25 

+    8 
-  60 

Do 

Temp.,65*>. 

Do 

do 

Temp.,  64®. 

cau:fornia. 


Adams  Canyon  * 


Alameda 

Do.« 

Alhambra 

Alila* 

Aliso  Canyon 

Arcade 

Atwater 

Auburn 

Alviso 

Do 

Do 

Bakersfleld 

Do 

Do 

Do 

Do 

Beckwith 

Do 

Do 

Beckwith    (8    miles 
above). 

Bieber 

Bishop 

Brownstone 

Buckhom      Station 
(4  miles  north). 

Buena  Vista 

Carpinteria  (2  miles 
from).« 


Alameda. 

do 
LoA  Angeles 

Tulare 

Ventura 

Sacramento 

Merced 

Placer 

Santa  Clara. 

do 

do 

Kern 

do 

do 

...do 

.....do 

Plumas 

do 

do 

do 


Kern 

Santa     Bar- 
Imra. 


400-2,780 


489 
409 
400 

1,328 
600-700 

2,100 
400 
790 
49G 
740 
650 
480 
500 

1,100 
600 
400 
400 
5(XM«)0 
,000-1,200 
900 

740 

420 

40a4«)0 

400 

410 
700 


1 

Surface. 

-      8 

7 
9 

+  .25 

7 

6 

1 

7 

8 
8 

+  .6 
+1.2 

Plows. 

Plows. 

Plows. 

Plows. 

Plows. 

Plows. 

Plow& 
Plow, 
Plow. 

80 

300 

480 

90 

1,600 

80 

100 

Many. 

Many. 

8 
8 
3 
3 
»-3 
3 

4 

Many  oil  wells,  yield  - 
ing  900  barrels  per 
month. 


OilweU. 

Small  flow  of  gas. 

Several  oil  weUs, 


NumerooB  weHa. 


Very  warm 
water. 


In  progress. 
Several  weUa. 
OUwelL 

Oil  at  902  feet. 
OUand 


*  Record,  Arkansas  Geol.  Surv.,  Report,  vol.  2, 1891,  pp.  67-69. 
« Id.,  vol.  1,1891.  p.  105. 

>  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Qas  Yielding  Pormations  of  Los  Angeles,  Ven- 
tura, and  Santa  Baroara  counties,  part  1.  pp.  35-^. 
«  Record,  Cal.  State  Mining  Bureau,  11th  Rept.,  1891-92,  pp.  135-190. 
•Cal.  State  Mining  Bureau,  llth  Rept.,  1891-93,  p.  -^^ 

•  Id.,  12th  Rept,  1803-94,  p.  357. 


488. 
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CAIjIFORNIA— Contlnned. 


Locatioo. 

CJounty. 

Depth. 

Diame-     ''^^ 

1 

Height 
water. 

Remarks. 

Cedarville 

Modoc 

Alameda..  .. 
BnttA 

Feet. 
433 
442 
6S6 
600 

800 

465 

400-650 

406 

1,250 

630 

Inches. 

OcUlons. 

Feet. 

No  flow. 

Flows, 

No  flow. 

0«TitArvin#»   

1 

Chioo 

Several 

• 

Chino  (about 2i  miles  '  San  BernaT- 

Abandoned. 

northwest). 
Chittenden 

dino. 
Santa  Cruz . . 
Los  Angeles . 
Fresno 

Stanislaus . . . 
San  Joaauin. 

1 

1 

For  oil. 

Clearwater  (?) 

Many. 

Coalinga^ 

Numerous  oil  wells 

Crows  Landing 

Cutler  SalmonRancb 

8 

•        7^ 

10 

2 

Flows(?) 

in  two  groups,  one 
3  miles  west,  the 
other  9  miles  north. 

Gas  well. 

Danbv 

San  Bernar- 

50 
3,470 

— 20(» 

Flows. 
-    3 

Delano 

dino. 

Kern 

do 

Merced 

Los  Angeles . 

Modoc 

Sonoma 

do 

713             IB 

Delano (6  miles  south- 

822 

44;^S50 
412 

west). 
DosPaloe 

1 

Several  wells. 

Downey ........ 

2  1     '  'eo 

Eagleyule 

503  1             4i 

El  Verano* 

544 
405 

No  flow. 
+  15 
To  sur- 
face. 

Embarcadero' 

1 

Ethel 

442 

4^ 

800 

400-500 

±400 

700-1. 100 

575 

985 

10      Manv. 

Orange  

San  Bernar- 
dino. 

Alameda 

San  Diego 

Ventura 

Fresno 

Loe  Angeles  . 
do 

1 
10 

7-12 

Fenner 

Fitchburg* 

Many, 
i.ono 

-200 
No  flow. 

Several  wells. 

Flowing  well 

Four  Forks* 

...  1 -_..-. 

Several  oil  wells. 

Fref»no 

1 

Qarvanza  (west  of ) . . 

For  oil:  unsuccessful. 

Olendora 

2,038 

5i 

No  flow. 

Grafton 

Yolo 

450 

980 

500-«)0 

1,300 

6 

7 

9-7 

Many. 

Grangeville 

Tulare 

Kings 

-.10 
Flow. 

Hanford* 

100-400 

Numerous  wells. 

Do 

Irvington 

Alameda 

450 

Flows. 

J.  G.  (fames'  ranch  . . . 
Kentuck 

Fresno 

Ventura  

600-«)0 
700-730 

7-8 

Flows. 


+    3 

Several  wells.  Temp., 

60*. 
Several  oil  wells. 

Kingsbura 

Fresno 600 

No  flow. 
Flows. 

TiAtnrop  Junction  . . . 

Limekiln  Canyon 

Little  Sespe  District. 
Lonsf  Beach 

San  Joaquin . 
Tulare  (?>.... 

Ventura  

TjOS  Angeles . 
do 

1,420 
500 
805 
500 
460 
450-1,300 

-fl.OOO 

+    900 

1.485 

1,186 

600 

500 

550 

8 

Gas  well. 

Oil  well. 

Do. 

8 
9-7 

1,100  I    Flows. 

Do 

Many. 

Flows. 

Los  Anireles  ' 

do 

Numerous  oil  wells. 

Lou    Angeles    (The 

do 

do 

do 

some  abandoned. 
Small  supply  of  oil. 

Ivanhoe).* 
Los  Angeles  (United 

States  Hotel).* 
Los  Anfireles  (Stewart 

abandoned. 
Gas  at  900  feet. 

For  oil;  unsuccessful. 

andMcFarland).io 
Los  Angeles  (Ange-  1 do 

lina  Heights).!^        t 
Los  Angeles  (Boyle  ' do 

Heights).                   1 
Los     Ancreles     (Dr.            do  _ 

For  oil  or  firas;  aban- 



doned. 
For  oil:  unsucoessfuL 

7 

Small  supply  of  oil; 
abandoned. 
Do. 

Long's  ranch). 

Los  Angeles  (Look- 
out Mountain). 

Los     Angeles    ( few 

do 

do 

1 

Gas  well. 

miles  southeast). 
TjO^  Anfirele-S  (4  milpx 

do 

830 

i 

Small  supply  of  oil. 

north  west  ).'*                                     ' 

I 

» Analysis,  Cal.  Stat©  Minin^r  Bureau,  12th  Kept.,  18J>)-»t,  pp.  a'jSaW. 

a  Record,  Cal.  State  Mining  Bureau,  11th  Ropt.,  1891-92,  p.  457. 

'  Record  ibid.  p.  457. 

«  Cal.  State  Mming  Bureau,  lltb  Rept.,  1891-92,  p.  134. 

*  Id.,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ventura,  and  Santa  Barbara 
counties,  part  1,  p.  27. 

•  Cal.  State  Mining  Bureau,  11th  Rept.,  1891-92, p.  489. 

7  Cal.  State  Mining  Bareau,  Bull.  No.  11,  Oil  ana  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Baroara  counties,  part  1,  pp.  14-17. 
"ibid.,  p.  14. 
•Ibid.,  p.  17. 

» 0  Cal.  State  Mining  Bureau,  7th  Rept. .  1887,  p.  78. 

1  ^  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Barbara  counties,  part  1 .  p.  14. 
13 Cal.  State  Mining  Bureau, 7th  Rept.,  1887. p.  77. 
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CAIilFORNlA—Ontinued. 


Location. 


Los  Angeles  (5^  miles 

west).' 
Loe  Angelos  (6  miles 

weat).i 
Los  Angeles  ( 10  miles 

north  of  west).* 


County.  Depth. 


Los  BanoB  * . 
Loyalton ... 

Do 

Do 

Do 

Do 

Ludlow  


Madera^ 

Do 

Madera  (6  miles  west ) 

Mayfleld 

Merced 

Merced    (13   miles 
southwest). 

Milpitas 

Miramonte 

Do 

Modesto  (1  mile  east) 

Monta{?ue^ . 

Moody  Gulch « 


Mount  Cay  e  tan  a 
(southwest  slope, 
near  Santa  Paula 
Creek ).» 

Mount  Diablo 


Newman 

Do 

Newman  Ranch 

Nordhoff    (1   mile 

south). 
Norman    (2  miles 

north).' 
Norman    (about   i 

mile  sou  theast ) . 
North  Cucamonga. . . 

Norwalk 

Oakland 

Ontario 

Oroville 

Pasadena 

Peru  ( I k  miled  south) 

Pico 

Pixley 


Do 

Do 

Do 

Do 

Pixley      (Ij      miles 

northwest)." 
Pixley  (2  miles  east). 
Pixley  ( vicinity ) 

Do 

Pixley  (3  miles  west) . 

Pixley 

Pixley  (3  miles  south- 
west). 
Pixie V  ( B  miles  south- 
west).»« 
Pixley  ( 6  milos  west) . 


Los  Angreles 

do 

do 


Merced 

Sierra 

...-do 

do 

do 

-...do 

San  Bernar- 
dino. 
Madera  .    .. 

do 

.-  ..do 

Santa  Clara. 

Merced 

...-do   


Feet 

±    500 

658-1,485 
500 


434 

535-750 

1,000 

400 

fl20 

430^512 

1,800 

1,200 

680 

633 

604 

GOO-700 

1,013 


Santa  Clara..  500-700 

Kern 636 

do 457 

Stanislaus.. -I  1.070 

Si-skiyou I  1,300 

Santa    Bar-  I  1,4(X) 

bar  a.  ! 

Ventura 430-1,170 


Santa  Bar- 
bara. 
Stanislaus  - . . 

...  do 

do 

Ventura 


Glenn 
...  do 


San  Bernar- 
dino. 
Los  Angeles 

Alnieda 

do 

Butte 

Los  Angeles 
Ventura  .... 
Los  Angeles 

Tulare 

do 

do 

do 

do 

do 


.do 
do 
.do 
.do 
-do 
.do 

.do 

do 


900 

427 
445 

411 

500-800 

940 

1,100 

450 

480 
506 
467 

8a) 

1,200 
400-570 
600-7a5 
438 
480 
6(X) 
713 

rao 

955 

600 

1,150 

937 

858 

1,060 

815 

1.150 

950 


ni««>«  I  Yield       Height 
Dlame-I     ^^  ^ 

mmute.    water. 


ter. 


Remarks. 


Inches. 

Gallons. 

Feet. 

1 

I 
...J 

Flows. 

4 

50 

20 

IOC 

1 30 

Pew. 

Flow. 
Flows. 

3 

4 
3 

Plows.  , 
Flows. 
Flow. 

-3 

1 

Flows. 
Flows.? 

i 
i 
9 

187-175 

1 

10 

+  U 

Small    flow^   of  gas: 

abandoned. 
Two  wells,    for  oil; 

nnsucceiisfiil. 
Two   wells,  snlphnr 

wat«r     and    some 

gas:  abandoned. 

Several  wells. 
Temp.  130*. 


Several  "wells. 
Not  in  use. 


1 

J 

•I 
-f  2 

8 
8 

"10^8" 

1,670 

Flows. 

Many. 

No  flow. 

,        

1 

12 

8 
8 

Flows. 

1,250 

**l 

2 

4 

-H15  ' 

1 

Surface. , 

Many. 

4 

1 

112 

Flows. 
No  flow. 
Flows.? 

s* 

4 

t 
1 

8 

f. 
t 

8 

9 

8 

9 

8 
9 
9 
8 
9 
9 

9 

8 

Many. 
Many. 

1 

+    .1 
+    .8 
+    .3 
+    .2 
+    .2 

.1 

Flows. 

+    .2 

-f    .7 

Flows. 

+    .2 

-f-  1 

+     .7 

1,200 

---  .«...». 

4-  If,  Strongest  flow  at  tVjS 
and  680  feet. 
Two  wells. 


Small  flow  of  ga& 
Qas  well. 
For  oil  or  gas. 

Several  oil  wells. 


Brackish  water. 
Several  oil  wells. 

Small  amount  of  gu 

at  337  feet. 
Small  axnonnt  of  gas 

at  500  feet. 


No  water. 
Several  oil  wells. 
NnmeroQs  oil  wells 


*  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Anipctos.  Van- 
tura,  and  Santa  Barbara  counties,  part  1.  p.  15. 

a  c:al.  State  Mining  Bureau, 7th  Kept..  1S,S7.  p.  78. 

s  Record,  Cal.  State  Mining  Bureau,  10th  Kept,  18JK),  p.  ;K6. 

*  Cal.  State  Mining  Bureau,  11th  Kept.,  1891-92,  p  211. 

*  Cal.  State  Mining  Bureau,  12th  Rept .  181«-94,p.  351. 

*  Record, Cal.  State  Mining  Bureau, 8th  Rept.  1888. p., 548. 

'  Record,  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  FormatioBS  of  Lm 
Angeles,  Ventura,  and  Santa  Barbara  counties,  part  1.  pp.  37-38. 
»  Reiord, Cal  State  Mining  Bureau,  11th  Rept.  1891-95. p. JS4. 
» Cal.  State  Mining  Bureau.  11th  Bept.,  1891-93, p.  487. 
'» Ibid., pp. 487-488. 
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CAIilFORNIA— Continued. 


Location. 


County. 


Plxley      (10      miles     Tnlare 

southwest).  1  I 

Pomona | do 

Potter  Valley I  Mendocino. . 

Puente* Los  Anj^les 

Roberts  Island San  Joaquin 

Riverside ,  Riverside... 

Rocky  Point '  Sierra 

Do I do 

Sacramento' '  Sacramento 

Do,< I do 

Do.* do 


Sacramento  (  9  miles 
northeast).  ^ 

St.  Helena 

Salinas 

Do 

Salt  Marsh  Canyon «. 
San  Bernardino 


Do 

Do 

San  Francisco 

San  Gabriel 

San  Jacinto 

San  Jot>e 

Do 

San  Lewis  Ranch 
San  Lonls  Obispo 


Santa  Barbara  (7 

miles  east).  7 

Santa  Clara 

Sauta  Paula  region  . . 
Santa  Rosa  (4  miles 

sooth).* 

Sattlev 

Savilla  Colony  • 


do 


Semitropic 

Sheridan»o 

Sierra  Valley 

Do 

Do 

Silverthread  oil  dis- 
trict (near  Santa 
Paula  Creek)." 

Sisi  Canyon 

Smyrna  Colony 

Stockton  

Stockton  (S.  F.  and 
S.J.V.B.R.) 

Stockton'* 

Do 

Stockton     (Jackson 

well;.  ^3 

Stockton** 


Napa 

Monterey 

do 

Ventura 

San  Bernar- 
dino. 

do 

do 

San  Francisco 

Los  Angeles . 

San  Diego 

Santa  Clara. . 

do 

Merced 

San  Louis 
Obispo. 


Depth. 


Feet. 
«»5 

450-560 

400 

100-1,750 

1,435 

580 

1,132 

1,040 

876 

965 

970 

2,250 

2,000 

1,435 

1,100 

400-1,600 

605 

425 

415 

865 

5no± 

456-&')0 
442-700 

400 
410-428 

928 


400-1,000 


Santa    Bar- 
bara. 
Santa  Clara.  '  600 

Ventura I    530-800 

Sonoma j  815 


Sierra. 


Kern 

Placer  .. 
Sierra... 

do... 

do... 

Ventura 


.do 
.do 
.do 

do 


625 
600 

495 

734 

640-«W 

550-900 

746 

400-1,600 


400-800 
524-600 
420 
►7 


497 


1.002 
1,400-2,000 
1,700 

1,400 


Diame- 
ter. 


Yield 

per 

minute. 


Inches.  iGallons. 
10   


6  and  9 


7-5 

10 
3 
4 


8 
11-9 


6 


Many, 
in 


Many. 

76 

7 
87 


Height 

of 
water. 


Feet. 
+.4 


Remarks. 


-11 

Numerous  oil  wells. 
Flows.     Gas    well;     saline 

water. 
Flows. 
Flows.  I 
Flows.  I 

,  Gas  well. 

I         Do. 

Flows.  I  Water  salty  and  al- 

I     kaline. 
Flows.  I  Some  gas. 


-  6 
-10 


Flows. 

Flows. 
Flows. 


Several  oil  wells. 


Many. 
900 
128-160 
Many. 


Flow. 
Flows. 


Flows. 


Many. 

Few" 

1 
Many. 


+10 


8-7  i  Many. 


3 

4 
2 


8 

7 


12-9} 


15-45 

12&-300 
16 


Many. 


Flows. 
Flows. 

Flows. 
-19 

Flow. 

Flow. 
Flows. 


+    * 
-19 


Several  wells. 
Do. 

Two  wells. 

For  oil;  unsuccessfuL 

Sulphur    water; 

temp.,  103°;  gas  at 

600f^et. 
Several    oil   wells; 

some  abandoned. 
Temp.,  60«. 
Several  oil  wells. 
Flows  at  interyals. 


Gas  and  sulphur 
water ;  gas  not  used. 


Several  wells. 
Do. 

Numerous  oil  wells. 


Do. 
Two  wells. 
Warm  water. 


+  7 


Many. 


Temp.,  77*. 
Gas  wells. 
Gas  welL 

Do. 


»  Cal.  State  Mining  Bureau,  11th  Rept.,  1891-92,  p.  488. 

"  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Barbara  counties,  part  l,pp.  18-21. 
3  Cal.  State  Mining  Bureau,  12th  Rept.,  l»93-94, p.  390. 
Mbid.,p.350. 

*  Record,  Cal.  State  Mining  Bureau,  10th  Rept. ,  1890,  p.  505. 

*  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Barbara  counties,  part  1,  pp.  36-37. 

'  Cal.  State  Mining  Bureau,  12th  Kept,  1893-94, p. a57. 
"  Record,  Cal.  State  Mining  Bureau,  11th  Rept,  1891-92, p. 456. 

'  Cal.  State  Mining  Bureau,  Bull.  No.  3,  Gas  and  Petroleum  Yielding  Formations  of  the  Central 
Valley  of  California,  p.  20. 
'"  Record,  Cal.  State  Mining  Bureau,  11th  Rept,  1891-92,  p.  319. 

» '  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Barbara  counties,  pp.  33,^5.37. 
»»  Record,  Cal.  State  Mining  Bureau,  8th  Report,  1888,  pp.  559-.5»J0. 

'>  Record,  Cal.  State  Mining  Bureau,  Bull.  No.  3,  Gas  and  Petroleum  Formation.s  of  the  Central 
Valley  of  California,  p.  17. 
,  »*  Ibid.,  p.  17. 
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CAIiIFORNIA— Contmned. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 
minute. 

Heisrht 

or 
water. 

Remarks. 

Stockton   Asvlum 

(Jackson  well).* 
Stockton  (St.  Aisrnes 

San  Joaquin . 

do 

do 

do 

do 

Feet. 
600+-l,750 

1,720 

1,917 

2,061 

980-1,090 

1,401 

400-800 

1,008 

500-1,350 

900 

700-1,000 

400-905 

400 

480 
503-1,012 
450-1,000 
060 
400 
460 
500 

580 

498 
887 
835 
562 
720 

1,058 

730 

700 

775 

540 

450-816 

400-9a) 

85(^975 

400 

700 

Inches. 

Gallons. 
Many. 

Many. 

Many. 

Many. 

Many. 

Many. 

5-125 

Feel. 

Two  gas  wells. 

Do. 

College). » 
Stockton     (court- 

11^8 

Gas  well 

house)." 
Stockton    (Citizens' 

Do. 

QasCo.). 
Stockton 

Plow. 

Several  well*?:  tern  tit. 

Stockton   (9  miles 

do 

Plumas 

do 

7-5 

3 
3^ 

75'*. 
Some  eas. 

southeast). 
Apmnnlt  .   .     _     .   

Plow. 
Plow. 

Numerous  wells. 

Do 

Sunset  District « 

Kern 

Numerous    oil    and 

Susan  ville..... 

Lassen 

Ventura  

do 

-10 

brine  welLs. 

Tar  Creek* 

Numerous  oil  wells. 

Tar  Creek  Canyon. . . 

Do, 

Tipton 

Tulare 

do .- 

7 

8^ 
8-9 

v 

6 
7 
7 

9 

9 
9 
9 
9 

8 

9 

8 

+.04 

+.04 
Plow. 
Plow. 

Several  "wells  about 

Do ... 

the  same  depth. 

Do 

do 

Many. 
Many. 
Pew . .  - 

Several  wells. 

Torrey  Canyon 

Traver 

Ventura 

Tulare 

do 

Oil  wells. 

Tulare 

GOO 

+.8 

Do 

do 

Tulare  (about  20 

do 

do 

do 

+.15 

+.1 

+.1 
+.35 
+.3 
-15 
Plows. 

+.75 

+.36 

Plows. 

Plows. 

—  2 

Plow. 

Several  wells  about 

miles  west). 
Tulare   (E.   Jacob's 

this  depth. 
Some  gas. 

Ranch). 
Do* 

Do. 

Do« 

do 

Qss  welL 

Do 

do 

Many. 
300 

Many. 

Tulare  (city  wells)  . . 

do 

Several  wella. 

Tiilarft   

do 

Several  wells  about 

Tulare  (about  20 
miles  southwest; 
Lam  ber t  s  o  n 
Ranch  ).T 

Tulare  ( 7  miles  west)  ^ 

....do 

....do 

Plumas 

Tular*) 

•Santa  Clara.. 

Tulare 

Ventura  

do 

Riverside 

Siskiyou 

1 

this  depth. 
Gas  at  60UaDd  TOO  feet. 

Vinton 

150 
190 

• 

Visalia .— .. 

7 

Watson  ville 

Waukena - 

8-9 

Many. 

Several  wells. 

Wheeler  Canyon  "  . . . 

Do. 

Wild  Bill  Gulch  »0-.. 

Oil  weUs. 

Winchester 

Yreka 

4* 

135 

+33 

1  Record,  Cal.  State  Mining  Bureau,  Bull.  No.  3,  Gas  and  Petroleum  Pormationsof  the  Central 
Valley  of  California,  p.  18. 

»  Record,  ibid.,  pp.  15-16. 

>  Cal.  State  Mining  Bureau,  12th  Rept^  1893-94,  pp.  a53-a54;  Record,  Cal.  State  Minixig  Bureau. 
Bull.  No.  3,  Gas  and  Petroleum  Yielding  Formations  of  the  Central  Valley  of  Cal.,  p.  9dL 

^Cal.  State  Mining  Bureau,  BuIL  No.  11,  Oil  and  Gas  Yielding  Formations  of  Los  Angeles,  Ven- 
tura, and  Santa  Barl>ara  counties,  p.  27. 

A  Cal.  State  Mining  Bureau,  11th  Rept,  1891-92,  p.  489. 

•Ibid.,  pp.  4^8-489. 

'Ibid.,  p.  488. 

8Ibid.,p.  487. 

"  Cal.  State  Mining  Bureau,  Bull.  No.  11,  Oil  and  Gas  Yielding  Pormations  of  Los  Aiigelee,  Ven- 
tura, and  Santa  Barbara  counties,  part  1,  p.  37. 

'"Ibid.,  p.  36. 

PUBLICATIONS  RELATING  TO  DEEP  BORING3  IN  CALIFORNIA. 

California  State  Mining  Burean,  Seventh  Annual  Report  of  the  State  Hineralo- 
gist  for  the  year  ending  October  1,  1887,  315  pages,  Sacramento,  1888. 

California  State  Mining  Bureau,  Annual  Report  of  the  State  Mineralogist  for 
the  year  ending  October  1,  18H8,  948  pages,  plates,  Sacramento,  1888. 

California  State  Mining  Bureau,  Tenth  Annual  Report  of  the  State  Mineralc^Lst 
for  the  year  ending  December  1,  1890,  983  pages,  plates,  Sacramento,  18»), 


DAHTON.]     DEEP   BORINGS   IN   THE   UNITED   STATES,  PART   I. 


17 


California  State  Mining  Bureau,  Eleventh  Report  of  the  State  Mineralogist 
(first  biennial),  two  years  ending  September  15, 1892,  612  i>ages,  Sacramento,  1893. 

California  State  Mining  Bureau,  Twelfth  Report  of  the  State  Mineralogist  (sec- 
ond biennial),  two  years  ending  September  15, 1894,  541  pages,  Sacramento,  1894. 

California  State  Mining  Bureau,  Bulletin  No.  8,  the  Gas  and  Petroleum  Yield- 
ing Formations  of  the  Central  Valley  of  California,  by  W.  L.  Watts,  99  pages, 
plates  and  maps,  Sacramento,  1894. 

California  State  Mining  Bureau,  Bulletin  No.  11,  Oil  and  Gas  Yielding  Forma- 
tions of  Los  Angeles,  Ventura,  and  Santa  Barbara  counties,  parKl,  by  W.  L.  Watts, 
94  pages,  plates,  map,  Sacramento,  1897. 

COIiOBABO. 


Location. 


Town. 


County. 


Ace^nia . 

Akron . . . 
Alamosa. 

Do.. 

Do.». 

Do... 

Do... 

Do... 

Do... 


Doofflas 

Washington 

ConeJoB 

do 

do 

do 

do 

do 

do 


Arvada Jefferson. 

Artesian I  Arapahoe. 


Do do 

Do do 

Boulder I  Boulder 

Do I do.. 

Boulder  (4  miles  east) do 

Bonita 

Brighton 

Do".*.!".".'.".".".".*.!. 

Burlington 

Byers 

Calhan« 

Canon  City 

Canon  City  (near). .. 
Cheyenne  Wells  ' 


Do 

Colfax 

Colorado  City, 


Do 


Arapahoe.. 
do 

...do 

...do 

Kit  Carson. 
Arapahoe.. 
BlPaso.... 
Fremont . . . 

.-..do 

Cheyenne.. 


do  . 

Custer . 
El  Paso 


.do 


Colorado  Springs do.. 

Cotton  Creek Saguache 


Montezuma. 
Saguache  . . . 
—  do 

Rio  Grande. 


Cortez  * 
Crestone . . 

Do 

Del  Norte. 

Delta ;  Delta 

Do I do 

Denver* |  Arapahoe... 

Do ; do 

Do do 

Do I do 


Depth. 


Feet 
4^ 
506 
1,260 
605 
604 
H56 
465 
474 

i.oa) 

900 
460 
700 

565 

730 

400 

+1,000 

f»JO 

7JJ5 

406 

700 

500 

600 

450 

566 

1,600 

1,278 

1,770 

1,702 

627 

2,020 


1,300 


1,120 
405 
795 
426 
446 
607 
575 
5H0 
.'inO 
407 
444 
5<J0 


Diame- 
ter. 


Inches. 


3 
8 
6-« 
3* 
2 
7«-6 
8 


2 


8 
3 


2 
6 


4i 


3 


3 
3 


2i 
3 
2i 
3-2 


Yield 

per 

mmute. 


Height 

of 
water. 


Oallons. 
15 
4 


8 
225 
1,000 
Many. 
Many. 
Many. 
Many. 


Very 

few. 

20 

10 

6 


80 

80 

Few. 


Small. 


U 


700 

^0 


Feet, 
Flows. 
Flows. 


Flows. 
Plows. 
Flowj. 
Flows. 
Flows. 


Remarks. 


Failure;  abandoned. 
Temp.,  65*. 


Plows.  I  Temp.,  76*. 

2  wells;  temp. ,  70°. 


Flows 
Flows 
Plows. 

Flows. 

+  35 
Flows. 

+  20 


Flows. 

+  15 

Flows. 


Flows. 


Water  too '  'alkaline. " 
Unsuccessful. 


+100 
-  15 


75 


Flows. 


Flows. 


10 
76 


Several;No  flow. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 
+  6 
+  25 


Few. 


Saline  water. 
Temp.,  90°. 
Water  at  850  feet. 
For    water.      Aban- 
doned. 
For  gas.    Failure. 

Gas.  Pressure  155 
pounds  to  square 
Inch.  Now  filled 
with  surface  water. 

Qas  at  216  feet.  Shut 
off  by  water.  (Blue 
shale  below  35  f  <3et. ) 

Temp.,  58*. 


il 
30 
50 
40  I 


+  60 


Temp.,  56*. 
Temp.,  62*. 

Temp.,  50*. 


>  Record,  Slst  Congress,  1st  session,  Sonato  Ex.  Doc,  No.  222,  p.  2J23,  Washington,  1890. 

«  Record,  Slst  Congress,  let  St's-siou,  Senate  Ex.  Doc,  No  222, p.  216,  Washington,  1890. 

»  Record,  U.  S.  Geol.  Surv.,  l«th  Ann.  Rep.,  1894-95.  Part  II,  p.5(».'J,  Washington,  1895. 

-•  Record,  Colorado  State  Engineer,  8th  Annual  Report  for  1895-W.pp.69  70. 

^  In  Denver  and  vicinity  there  are  several  hundred  wells,  mainly  from  350  to  1,000  feet  deep. 
They  yield  flows  of  considerable  size  from  several  horizrins,  but  owing  to  large  number  of  wells 
the  volume  of  water  is  now  greatly  decreased.  The  wells  are  deseri  wd  in  the  following  publi- 
cations: 6lst  Congress,  1st  session,  Senate  Ex.  Doc  No.  222,  pp.  175  205.227-228,  Wa.shington,  18«); 
IVf onograph,  U.  S.  Geol.  Surv.,  Vol.  XXVII,  Geology  of  the  Denver  Basin,  by  S.  F.  Emmons,  W. 
Cross,  and  G.  H.  Eldridge,  4»,  Washington,  1896. 

IRR  57—02 2 


18 


DEEP   BORINGS    IN   THE    UNITED   STATES,  PART    I.  [so. 5:. 


COLORADO— Continued. 


Location. 


Town. 


Denver . 
Do- 
Do- 
Do. 
l>o. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 


I 


County. 


Arapahoe. 

'.V..do'."V. 

-...do 

....do  .... 

....do 

....do 

...do 

...do 

...-do 

....do 


-|    Depth. 


Feet^ 
575 
604 

esa 

725 

810 

856 

9UH 

l.OQB 

1. 1(0 

l,2{'i0 


Diame- ' 
ter. 


Yield 

per 

minute. 


HeiRht 
water. 


Durango 
Eaton  ... 


La  Plata 
Weld.... 


Evans .. 
Fleming . 


do 

Logan 


Florence' Fremont 


Do 

Do 

Fort  Logan  . 

Do 

Fort  Lupton 
Fort  Lyon... 


Franceville  Junction 

Georgetown 

Grand  Junction 


do... 

do.— 

Arapahoe 

Weld. '.'.I 
Bi'nt 


Greeley  ' 
Do... 
Do... 


Do 


ElPa80 

Clear  Creek. 
Mesa 


Wold. 

do 

do 


do. 


La8  Animas 


Hoehne 

Hygiene* j  Boulder. 

Irondale ;  Arapahoe. 

Iron  Springs Otero 


Island  Station 

Do* 

Do 

Kit  Carson 


Arapahoe . 

do 

de 

Cheyenne 


Lajunta' ,  Otero 


Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 


do 
.do 

do 
-do 
.do 
.do 

do 

do 


Lamar  "^ ,  Prowers 

Lamar     (.northwest    do  . . 

of). 
Langford    (4    miles     Boulder. 

northeast). 

Larkspur Douglas. 

Las  Animas Bent 

Lan  Animas  (7  miles' do... 

northeast ) .  1 


Inches.  Oallons.      Feet. 
9-61   Small.   No  flow. 
3-4    1 


4 

3i 

3 

4 

3j-2i 

5 


400 
970 


1,200  I 
423 

780  \ 

+1.000 
+  KM) 
685 
558 
904 
815 


Many. 

658 
1,000 

446 

970 

1,165 

2,140 


60 
10 
7.) 
70 
10 


Few. 


+  60 
+  35 
+  40 

-  5 
+  20 

-  24 


Remarks. 


Flow  pumped  down. 


No  flow. 


Flows.  I 

No  flow.  I 

I 


Flows. 
-160 

Flows. 


Drilled  foroU. 
water  to  — 40. 
abandoned. 


700  I    Plows. 
...I      1.000  I    Flows. 

Noflow. 

4   INoflow. 

...! I        -    4 


^1 


120 
Few. 


I 


8-4 


40 
Few. 


100 
Noflow. 

No  flow. 

-  20 
Flowed 

at  flrst. 

—  40 


I 


936 
965 
500  ! 
1,006 


440 

430 

730 

1,460 

412 
420 
438 
640 
670 
700 
740 
766 
1.152 
560 
420 

400 

560 

4  5v;o 


.1. 


6-4 


60 


8 
4 


60 
15 


8-6  ' 

5|' 
8i' 


8 
45 


35 
15 


Flows. 
—556 


Flows. 
+  40 
-125 


Flows. 
Flows. 


Flows. 
Flows. 


Flows. 


7*  12J 
74  25 
5»  Manv.  Flows. 
51  5  I  Flows. 
...' |No  flow. 


3  '    Flows- 


82 


Salt 

Well 


Much  water  at  S^*~ 
260  feet.  Some 
water  at  400  and 
f£S  feet. 

Water  from  L125  fi 

Very  small  supply 
of  water. 

Namerons  oil  wells 
in  vicinity 

Water  at  l,(i00  feet 

Temp.,88«. 


Abandoned .    Small 
amonnt  of  water  at 

430  feet. 


Some  gas  at  444.  TtO, 
and  864  feet. 


Several  wells. 

Water   from   1,165- 

L2(10feet. 
Well  aliandoned. 
Flowed  at  975  feet 

Flows  at  240  and  :C' 
feet:     nnaatisf  ac 
tory  water  at  l.<**( 
feet.    In  pro^reiia^ 


No  fresh  water:  -^It 

water  at  450  f«:et. 
Temp.,  G8«*. 
2  wells;  t^mp  ,  70". 
Temp.,e<*. 
Temp..tJS». 

Do. 
Temp.,  75®. 
Temp„68». 

Can  pump  80  gals. 


8ee  Port  Lyf a. 


•  Record,  51st  Congress,  1st  session.  Senate  Ex.  Doc.  No.  222,  p.  214,  Washington.  IWO. 
«  Fifty-first  Congress.  1st  session,  Senate  Ex.  Doc.  No.  222, pp. 209-210,  Washington,  18WL 

•  Analysis,  ibid.,  p.  226. 
*R<*cord.ibid..p.2»KS. 

•  Fifty-flrst  Con^^ess,  1st  session.  Senate  Ex.  Doc.  No.  222,  p.  197,  Washington.  1890. 

•  Record,  Colorud<)  State  Enginet^r,  Ninth  Biennial  Report,  for  1897-98, pp.  28-29. 

'  Record,  Colorado  State  Enj^int^er,  Ninth  Biennial  ReT>ort  for  1897-96,  p.  29;  analysis,  olst  Con- 
gress, Ist  session,  Ex.  Doc.  No.  222,  p.  228,  Wa.shington,  1890. 
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COJLORADO— Ck>ntiiiued. 


Location. 


Town. 


County 


Leadville. 
Littleton . 


Do 
Do 
Do 


Do 
Do 


Lake 

Arapahoe 


do 
do 
do 


do 
do 


Do 


do 


Do 

Do  

Lockett 

Lion|rmont . . 

Do  1111". 

Do 

Lfoveland^  . 

Liyman 

Manzanola . 
Moffat 

Do 

Do 

]liontro:ie... 
Mosca 

Do 

Ordway  .... 

Oti8« 

Petersburg. 

Do.»  .... 
Pueblo*  .... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Rocky  Ford 

Do   

Do 

Do 

Do.» 

Do   


do 

do 

Saeruacbe ... 

Boulder 

do 

...do 

do 

Laramie 

Arapahoe... 

Otero 

Sagauche . . . 

—  do 

do 

Montrose . . . 

Costilla 

....do 

Otero 

Wanhington 
Arapahoe . . . 

Pueblo  ir.  Ill 

...do 

...do 

...do 


...do 
....do 
...do 

do 

Otero . 

...do 

...do 

...do 

...do 

...do 


Rouse  Junction Huerfano 


rauche.. 
Salt  Creek 


Saganche 
Pueblo .  - . 


I 


Scranton* !  Arapahoe 

Sedalia Douglas.. 

Do I    ...do 

Do do   ... 


Sedalia  (5  miles    do 

south.  )• 

Sheridan i  Arapahoe . 

Do do 

Sheridan  Lake i  Kiows  ... 


Stont 


Larimer 


Depth. 


Feet. 
400 
467 

500 
510 
525 


500 
001 


710 


810 

i.aoo 

418 

431 

506 

000 

640 

2,465 

630 

1J13 

404 

650 

710 

825 

610 

420 

1,675 

2.400 

600 

730 

7?i 

782 

789 

1,150 

1,210 

1.2H0 

1,400 

1,402 

767 

790 

Wi 

82r) 

8i5 
1,083 
2.058 


Diame- 
ter. 


400 

2,0;*) 


800^ 
650  ' 


Yield 

per 

minute. 


Inches.  I 

ai' 

8i-2* 


Gallons.  '■ 
30 

a) ' 

16 
25 
9. 


8 
15 


Height 
water. 


Feet. 


Remarks. 


+  35 
Flow. 


Flow. 
+  16 


2  other  similar  wells, 
440  and  480  feet. 


Temp.,  92'*.  SeTeral 
simiutr.  wells  from 
520  to  660  feet  deep. 


Several  similar  wells 
from  600  to  675  feet 
deep; 

45 I  Several  similar  wells 

from  700  to  736  feet 
deep. 


8-4 
3 
4 


+1 
3i 


+ 
+ 


50 
11 


+2 


6 
3i 


5« 
3  , 


40 

Pew. 

1 

10 

42 

Few. 


No  flow. 
+  30 


Flowed.  I  Water  at  1,365  feet. 
Temp.,80«. 


2 

.-.I 
4i 
4  I 

4  J 


30 


3i-2l 
4i, 


5i 

•  -       I 

3 


10-4J 
74 
7* 
4 
6 


Many. 

None. 
20 
10 

3-5 

300 

3 

20 

30-25 

+  87 

130 

68 

68 

,'W 

115 

17 

Few. 


Flows.  I 
Flows.  ! 
Flows. 
4-     li 
Flow.  ' 

+    3 
Flow.  I 
—350  , 

""+";»' 

+  35 
Flows. 
Flows. 
Flows. 
Flows. 

+125 
Flows. 

+  140 

+140 
Flows. 

+  75 
Flows. 
Flows. 
Flows. 
Flows. 

-200 


Temp.,  ?^. 


Temp.,  GS". 
Abandoned. 


U 


No  flow. 


•'II 


Temp.,  76°. 
Temp.,  77". 

Temp.,  78*. 

Temp.,  74". 

Temp.,  78". 

Temp.,  75*. 

Temp.,  72". 

Temp,  750. 

Salt  water  at 890  feet, 
small  amounts  of 
water  at  700  and 
1,000  feet 

Small  amount  of 
water  at  various 
depths.  Abandon- 
ed. 

C  oal  prospect.  No 
water. 


710    Noflow.  I 

1,440  ,  i i ;  Water  from  200  to  300 

feet  only. 


580 
1,280 
1.235 


21) 
10 


6 


I 


1 


-280 
+  30 


Water  at  1,200  feet. 

Abandoned. 
Poor  water  922-1,000 

feet. 


1  Record,  51st  Congress,  1st  session;  Senate  Ex.  E>oc.  No.  222;  pp.  210-211,  Washington,  1890. 
>  Ibid.,  p.  217,  Washington,  1890. 

*  Ibid.,  p.  an. 

«  Records,  etc.,  ibid.,  pp.  213-214;  analyses,  ibid.,  p.  229. 

»  Hecord,  Colorado,  State  Engineer  9th  Biennial  Report,  1897-1898,  p.  29. 

*  Record,  51st  Congress,  Ist  session.  Senate  Ex.  Doc.  No.  223,  p.  307,  Washington,  1890. 

fIbid.,p.21L 
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COIiORABO— Continned. 


Location. 

Depth. 

Diame- 
ter. 

Yield 

Heiffht 

Remarks. 

Town. 

County. 

per     j       ui 
mfntite.    water. 

Thatcher ^.-- ... 

Laa  Animas.. 

Otero 

Las  Animas.. 
do 

Feet. 
938 
7»5 
400  or  500 

Indies. 
6i 

OaUons. 

Feet. 

Timpas 

35 

Flows. 

Troy 

Trinidad 

Do do 

2,505 
l.%0 

600 
402 
6064 

51 

Many. 

-105 

WalsenburK -•  - 

Huerfano 

Custer 

Rio  Blanco... 
do 

For  gas,  entirely  In 
shale.  Salt  water 
at -40  feet. 

Abandoned. 

Weatdiffe 

None. 

Whiteriver 

Salt  water  at  200  feet. 

Do 

Much  gas  at  500  feet. 
For  oil  or  coal:    nn- 

Wray Yuma,.       .     _ 

+500 

......... 



successful. 

PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  COLORADO. 

Report  of  L.  G.  Carpenter,  Field  Agent  for  Colorado,  Fifty-first  Congrees,  first 
session,  Senate  Ex.  Doc.  No.  222,  pp.  173-232,  Washington,  1890. 

Report  of  P.  H.  Van  Diest,  on  the  Geological  Conditions  of  Artesian  Basins  in 
Eastern  Colorado  and  New  Mexico,  Fifty-first  Congress,  first  session,  Senate  Ex. 
Doc.  No.  222,  pp.  87-97,  Washington,  1890. 

Artesian  Wells  of  Colorado  and  their  relation  to  irrigation.  State  Agricultural 
College,  Bulletin  No.  16,  July,  1801,  28  pages. 

Economic  Geology,  by  George  H.  Eldridge,  Geology  of  the  Denver  Basin  in 
Colorado,  United  States  Geological  Survey,  Monograph  No.  27,  pp.  317~4d5,  Wash- 
ington, 1896. 

Underground  Waters  of  the  Arkansas  Valley  in  Eastern  Colorado,  by  G.  K. 
Gilbert,  United  States  Geological  Survey,  17th  Annual  Report,  1895-1896,  part  2, 
pp.  1-51,  plates,  Washington,  1896. 

United  States  Geological  Survey,  Geologic  Atlas  of  the  United  States,  No.  36, 
Pueblo  folio,  by  G.  K,  Gilbert,  Washington,  1897. 

United  States  Geological  Survey,  Geologic  Atlas  of  the  United  States,  No.  58, 
El  Moro  folio,  by  R.  C.  Hills,  Washington,  1899. 

United  States  Geological  Survey,  Geologic  Atlas  of  the  United  States,  No.  68, 
Walsenburg  folio,  by  R.  C.  Hills,  Washington,  1899. 

CONNECTICUT. 


Location. 


Town. 


Bridfl^eport 

Mansfield 

Moriden 

New  Haven 

Noroton 

Do 

Pom  fret  Center. 
Putnam  Heights. 

Do 

Do 

Do 

Rockville 

Stamford 


County. 


Fairfield.... 

Tolland 

New  Haven 

do 

Fairfield.... 

do 

Windham... 

do 

do 

do 

do 

Tolland 

Fairfield.... 


Feet. 
800 
800 
630 

3,800 
700 

1,600 
610 
800 
400 
700 
430 

3,440 
450 


Dia- 
meter. 


Indies. 


6 
12 


Yield  ' 
per 
'  mmute. 


Gallons. 

Several 
14 
70 


6 


6 


8 


None. 

4 

Few. 

Few. 

4 

7 

2 

Not  any 


Heiffht 
water. 


Feet. 
No  flow. 
No  flow. 
No  flow. 


No  flow, 
No  flow. 
No  flow. 
No  flow. 
No  flow. 
No  flow. 


Remarks. 


Water  very  hard. 
UnaucceaBinL 

4  gallons  at  900  feet. 


Abandoned. 
Water    unsatisfac- 
tory. 
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DBIiAWABB. 


Location. 


Town. 


Bowers  Beach  * 


Delmar' 
Lewee'.- 


Do.« 

Middletown  ^ . 
Do.« 


Wilmington. 
Do 


County. 


Sussex. 
do  . 


Newcastle 
do 


.do. 
.do 


TM^^^  I  Yield 

Depth.    ;^S?     I     P^^l 
^^-     I  mmute. 


Height 
water. 


Remarks. 


Gallons. 

aoo 


Feet.    I 
Nc  flow. '  Not  much  water  be- 
I     low  240  feet. 


15 


1,060 
535 
606 

400 
1,077 


At  sur- 
face. 


15 
330 

Flows. 

10^ 

-50 

8 

15-18 

10 


-26 


Water  also  at475  feet 
Water  from  536  and 
660-686  feet. 


DISTRICT  OF  COIiUMBIA. 


Wash  ins  ton,  Heu- 
rlch's  old  Brewery. 

Washington.  Biggs 
House. 


flOO 

7 

558 

None. 

1 

Abandoned. 
Unsucoeasful. 


FliORlDA. 


Apalachicola 

Bartow     (8    miles 
southwest). 

Do 

EauGallie 

Femandina' 

Do 

Femandina    (city 
park). 

Femandina 

Green  Cove  Springs. 
Heart's  Road  f  (R.  K. 
junction). 

Hobe  Sound 

Jacksonville  " 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Jasper 

Key  West 

Kissinmiee 

Lake  Worth »» 

Live  Oak 

Madison 

Malabar 


Melbourne . 
Narcooesee. 

OcaU 

Orchid 

Pasadena... 
Pensacola  . . 


Franklin. 
Polk 


do... 

Brevard 
Nassau.. 

do... 

do... 


do.. 

Clay.... 
Nassau. 

Dade... 
Duval . . 
do. 


do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.-.. 

...do... 

do... 

Hamilton 
Monroe  .. 
Osceola  .. 
Dade  .... 
Suwanee. 
Madison  . 
Brevard  . 


Brevard  . 
Osceola  .. 
MarioD. .. 
Brevard  . 
Pasco  — 
Escambia 


475 
600 

400 
490 
640 
750 
700 

762 
600 

750 

1,100 
793 
711 
630 
660 

1,020 
937 
490 
637 
650 

1.09) 


+550 

2.350 

406 

1.212 

1,004 

530 

510 

400 
416 

1,210 
480 
450 

1.400 


3* 


6 

8 
6 
8 


6 
6 

4 
6 


6 

loi 

12 
3 
6 
6 


800 


810 


600 
Many. 

Few. 


+ 
+ 
+ 
+ 


48 
SO 
64 
40 


+ 
+ 


ao 

64 


Flows. 

+  17 

Flows. 


&-4 


4 
4 

8 
6 
3 

6 
3 
8 
4 


432 

•950{ 

432 
180 
600 
900 
2,333 


+  64 


318 
Many. 

lUO 
Many. 


Few. 


+ 
+ 
+ 
+ 


62 
62 
62 
62 


+  40 

-  80 
-117 

Flowa 

+  48 

-  27 

-  74 
Flows. 

-  86 


Temp.,  68®. 
Small  vein  of  water 
at  300  feet. 

Temp.,  78®. 
Water  from  618  feet. 
Temp.,  77®. 
Temp.,  74®. 


Temp.,  80®. 
Temp.,  77®. 

Sulphur  water. 

Do. 
Temp., 74®  to  77®. 

Do. 
Temp.,  81®. 
Temp.,  77®. 
Temp.,  75®. 
Temp  ,  76®. 

Do. 
Temp.,  78®. 


In  progress. 


Temp.,  60®. 


Temp. ,  78® ;  bored  for 

oil;  none  found. 
Temp.,  78®. 


Sulphur  water. 

Navy  yard  well, 
good  water. 


No 


»  New  Jersey  Qeol  Surv..  Report  for  1899,  p.  110. 

'Record,  ibid.  .pp.  111-112. 

»  Record,  U.  S.  Geol.  Surv.,  Bull.  138,  p.  12j. 

*  Record,  New  Jersey  Geol.  Surv.,  Reiwrt  for  1898, pp. 83-87. 
»  Record.  U.  S.  Geol.  Surv. ,  Bull.  No.  m,  p.  1211 

*  Record,  New  Jersey  Geol  Surv.,  Report  for  1898.  p.  115. 
'  Georgia  Geol.  Surv. .  Bull  No  7,  pp.  75-76. 

*  Representativ^e  wells. 

*  Both  wells. 

^^  Record, etc.,  Am.  Jour.  Sci. , 3d  series,  vol.  41, pp.  106-106. 
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FliORIBA— €k>ntinned« 


Location. 


Town. 


Punta  Gorda. 


Do 

Do 

Qnincy 

Riverside 

Roaeland 

St.  A  aguBtine  * 


St.Nicholaa 

South  Jacksonville 

Do 

Tallahassee 


Coanty. 


DeSoto 

do... 

do... 

Gadsden 
Putnam. 
Brevard 
St.  John . 


Duval. 

do. 

do. 

Leon.. 


Depth.     DJJ^*- 


I 

Feet.       Indies. 
467    


400  L...    .... 

425  I 

ttlO  6-4* 


462-450 
1,400  ,.... 


750 
800 
760 
715 


6 


6 


6 


I 


Yield    I  Height 
per     I       of 
minute,    water. 


Remarks. 


GallonsJ     Feet. 


I 


25 


Many. 
Many. 

5,500 


Flows. 

Flows. 

-190 

Plow. 

Plow. 


+  60 
+  55 
+  69 
-  98 


Water  too  salty  for 

use. 

Salt  water  only. 

2  wells. 

dwells. 

Temp..  86"*.  Strong? 
flows  also  at  IOO-4ac) 
and  SOO-^SSO  feet. 

Temp.,  77«». 

Do. 


GEORGIA. 


Abbeville* 


Albany . 
Do.» 


Do.« 

Albany     (16     miles 

west). 
Americus 

Do 

Do.» 


Do 
Do 


Arlingrton  * 


Wilcox. 


Dougherty 


do 
do 


Sumter 

do.. 

do.. 


do... 

do... 

Calhoun 


Augusta^ Richmond 


Do. 


do 


Bainbridge* I  Decatur. 


Do.  >» 


Do 

Barrington^i 


do 


do.... 

Mcintosh 


Baxley'* Appling. 

Bladen  »« i  Glynn  .. 


Bowen's  Mills '  Wilcox . 

Bradley's   planta-  I  Stewart. 

tion  "4.  I 

Brunswick  >• I  Glynn... 


Do 
Do 
Do 
Do 
Do 


do 
do 
do 
do 
.do 


Buena  Vista^* Marion. 


Camilla '  Mitchell  .. 

Chauncey" Dodge 

Collins  Tatnall  ... 

Columbus,    3    miles     Muscogee, 
south  of. 

Cookstown I  Wilcox 

Cordele** Dooly 

Do 

Creytons  Island  '•  . . 


do.... 
Mcintosh 


540 

665 
700-780 

732 

660 


'  Am.  Jour.  Sci.,  8d  series,  vol.  31,  p.  70. 
2  Ga.  Geol.  Surv.,  Bull.  No.  7,  p.  151. 

*  Analysis  and  record,  ibid.,  pp.  179-181. 
4  Rt^cord,  ibid  ,  pp.  178-179. 

*  Record  and  analysis,  Ga.  Geol.  Surv..  Bull. 

No.  7,  pp.  174-176. 

*  Record,  Ibid. ,  p.  185. 

'  Ga.  Geol.  Surv.,  Bull.  No.  7,  pp.  128-129. 
« Ibid.,  p.  130. 

»  Analysis,  ibid., pp.  160-161. 
»« Ibid.,  p.  162 


-  25 


2 
i^4 

10 


20  I    Flows. 
20-1L5  +  24 


Water  at  9U,  139,  and 
296  feet. 


225 


+  30 


Nnmeroas 
Temp.,73i<>. 

Pore  water. 


welK 


30 
10 


507 

6 

480 

3 

100 

673 

1 

60 

740 

45(M90 

3 

200 

415 

3 

540 

8 

600 

430 

4 

460 

6 

350 

465 

4 

600 

583 

10 



*  600 

625 

6 

800 

8 

425 

3 

2 

+400 

550 

8 
6 
3 

700 

414 

I  Water  at  UOOO  feet. 

[Supply    is     derived 
from  the    aSD-foot 
level. 
Flows. 
+    1 

an  ;|WateratSOQl»eOO,aiid 

~iS!  1  70r)feet.    Hard  and 

~"^  I   slightlychalybettte. 

Five    water-bearing 

strata  penetrated. 

-  50 
Water  at  SSn  and  STu 

,      feet. 

-  59 
Flows  at  3G0  and  43n 

feet. 
Water  at  390  and  HB^ 
I     feet. 
+  30  '  Water  at  I6»,am,aDd 

I     475  feet. 
+  22    Temp.,  74*. 
Flows.  '  Water  from  47o  feet. 


+  20 
-129 


+  28 
+  19 
+  12 
+  26 
+  12 
Flows. 
-240 


Numerous  wells. 
Temp.,  (BB*». 


Temp.,  70*». 
Water  at  331  and  954 
I     feet. 
No  flow.  I  Nonfinwing. 

Water  at  aboat  9i3  ft 


-  70 
-14.^ 

-  4 

No  flow. 

-  21) 

-  30 
+  50 


Water  »t  400  feet. 
3  wells  reported. 


1  >  Ga.  Geol.  Surv.,  Bull..  No.  7,  p.  lOB. 

"Ibid.,  p.  149. 

"Ibid.,  pp.  92-83. 

^*  Record,  Ga.  Geol.  Surv.,  BalL  No.  7,  pL  197 

"Ibid.,  p. 86. 

"Ibid.,  p.  198. 

"  Ga.  Geol.  Surv.,  Bull.  No.  7,  p.  145. 

"Record,  Ga.   Geol.  Surv.,  Bull.  No.  7,  pp^ 

LW-ldO 
"  Ga.  Geol  Surv.,  Bull.  No.  7,  p.  IW. 
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GBORGIA— Ojntinued. 


Location. 


Town. 


County. 


Cnmberland Islands,  Qamden... 

Do.« I do.... 

Do.« I do 

Cnthbert j  Randolph 


Damascus  * . 

Darien 

Do.*-... 
Dawson  •  . . . 

Doboy 

Drayton 

Dry  Creek ' 


Dnblin 

Dnckcrs  Station  ^ 

Ela.stman* 

KsHtman 

Do 

Egypt'" 


Early 

Mclntoeh . . 

do 

Terrell 

Mcintosh .. 

Dooly 

Barke 

Laurens . . , 
Douffherty 
Dodke 

."'.'.do'.".'. 
Effingham . 


Evelyn I  Mcintosh. 

Do Glynn 

Everett  City ' do 

E veretts  Station ,  Crawford . 

Fitzgerald'^ Irwin 

Do ' do 

Do do 

Do do 

Florence.     8     miles     Stewart... 
west    on    Chatta- 
hoochee River.         1 

Do I do 

Do I do 

Do do 

Fort  Gaines  I  Clay 

Do I do  .... 

Fort  Valley ' '-» Houston  . . 

Do do 

Do I do 

Hawkinsville " ,  Pulaski  ... 

Irwinville Wilkinson 

Jekyllsland'* Glynn 

Jesup" •  Wayne 


Kingsland ,  Camden. 

Do»« ' do... 

Leary*' I  Calhoun 

Leary ,  3  miles  north    do . . . 

Leesonrg Lee 


Louisville"^ '  Jefferson 

I 
1 

Lumber  City  »» '  Telfair 

Lyons'" Montgomery 


Mc  Arthur  8' 


do 


Depth. 


Feet. 
600 

485 

680 

1,0110 

547 
493 

5:» 

650 
^  450 
*     400 

768 

850 
547 
680 
+600 
730 
750 

500 
420 
460 

+400 
660 
800 

1,000 
853 
490 


400 
445 
455 

650 
800 

1.075 
500 

1,300 
490 
6CN) 
480 
500 

475 
500 
673 

400 
500-600 

450 


400 
4(J0 
900 


Macon" Bibb 

Manassas Tatnall  ... 

Meldrim !  Effingham 

M  illedgeville |  Baldwin  . . 

Millen'* Screven.. - 


Diame■ 
ter. 


Inches. 

4 

4 

6 

<M 

2 
4 

8 

6-2 

6 

8 
o 

8 
o 


;  Yield 
per 
mmute. 


Height  ! 
of       , 

water. 

I 


Remarks. 


Montezuma  ^4 

Do 

Do 


Macon 

do. 

do. 


'  Analysis,  Ga.  Geol.  Surv.,  Bull.  No.  7,  pp. 

78-ft>. 
9  Ibid.,  pp.  78-79. 
'Record,  ibid.,  pp.  7(^77. 
*  Ga.  GeoL  Surv.,  Bull.  No.  7,  pp.  18:t-lH4. 


Gallons. 

Feet. 

+  12 

+  13 

555 

+  51 
-  30 

—     t 

200 
350 

+  15 
—  45 

8 

Flows. 
-  30 

2 
3 
2 


6-3 

10 
6 

6 


Wat«r  sulphurous. 
Water  also  at  840-400 

and  550  feet. 
Water  also  at  200  ft. 


Temp.,  50". 

Water  also  at  280  and 

875  feet. 
FMrst  flow  at  350  feet. 


Many. 


+  10 
-130 
Not  any' i  Abandoned. 

-3U0  ' 
-  45 


+  45 
+  14 
+  38 


139 


4-3 


i> 


150 
400 


6^ 


6 

3 

6 
•> 


I  Not  any 
'Not  any 


-  27 

-150 
-138 
-320 
+  30 


+  30 
+  30 
+  30 

-  20 

-  13 
-100 


Water  at  300  and  750 

feet. 
Sulphurous  water. 
Do. 


Flow. 

(?)+  50 
350  ,        +45 

. ...  1      -  :« 


3  I 


IK)  ,    Flows. 
3:J!        +  30 
5-3  I  23  I        4^  30 

; NofloW. 

8    iNoflow. 


3 
3 


60 

+  14 

10 

-  84 

-  60 

955 

498 

12 
6 
6 

Not  any 

'"'"-li^ 

600  or  700 

Many. 
Many. 

Flows. 
No  flow. 

430-450 

4-6 

+  19 
4-62 

500 

300 

435 

5  1    Flows. 

435 

3  ,    Flows. 

Water  at  500  feet. 

Abandoned. 
Temp.,  71°. 


Water    also    at    387 
feet. 


j  Abandoned. 

Temp..  68°.     Mineral 
'      water. 

I  Several  wells.  Those 
!  on  low  ground 
I      flow. 

6  wells.    Water  also 
I     at  300  feet. 

Main  water  horizon 
I     at  875  f  e«t. 
i  Water  at  419  and  890 
'     feet. 
,  Abandoned. 


'  Several  wells. 
3  wells. 
Temp.,  63". 
Do. 


*  Record,  ibid.,  pp.  105-108. 

)p.  m-m. 

'  Ga.  Geol.  Surv. ,  Bull.  No.  7,  p.  128. 


•  Ibid.,  pp.  187- 


»*  Record,  ibid.,  p.  183. 

•  Analysis,  ibid. ,  pp.  144-145. 
>«Ga  Geol.  Surv., Bull.  No.  7.  pp.  121  133. 
>' Ibid., p.  152. 
"  Record, Ga. Geol.  Surv.,  Bull.  No.  7,  p.  1!>3. 


>- Ibid.. p.  140. 

•*  Analysis. ibid., p. 94. 

>  6  Rooord.  Ga.  Geol.  Surv. .  Bull.  No.  7,  pp,  103-104. 

>«  Ga.  Geol.  Surv.,  Bull.  No.  7.  p.  79. 

> '  Record .  i  bid. ,  pp.  180-187. 

»Mbi(l..p.  1:K. 

'*•  Ibid.D.  J50;  Analysis  and  record,  U.  S.  Geol. 

Surv. .  Bull.  No.  K18. p.  334. 
»n  Record,  (Ja.  Geol.  Surv.,  Bull.  No.  7. p.  14«. 
■■"  Ibid.  p.  117. 

-••'2  C}ii.  Ge  .1.  Snrv..  Bull.  No.  7, p.  193. 
"■■'  (bid.,  pp.l3:t  134. 
'**  Record,  ibid.,  pp.  189-190. 
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GEORGIA— Continued, 


Location. 


Town. 


County. 


Montezuma 


Do 

Oglethorpe. 
Pelicalville . 

guitman  * . . 
«ynolds'.. 
Biceboro'  .. 

I)o« 

Richland . . 
St. Marys*  . 


St.  Simons  Island 

Do.« 


Savannah 
Do.... 
)o-... 
>o.... 


8: 


Do.' 


Savannah  (6  miles 
south). 

Savannah  (12  miles 
west  on  Great 
Ogeechee  River). 

SelMstopol 


Macon 


do 
do 


Smithvllle* 

Statesboro 

Do 

Swainsboro* 

Do  

Tarboro'o  (U  miles 

northeast). 
Tennille** 


Thomas  ville  " 
Do 

Union  Tsland.. 
Valdosta»a.... 


Valona . . . 
Wadley>* 


Warwick** 

Waycross'* 

Do'.V.'.'.y.V. 
Waynesboro". 


Do 

Do 

Do 

Do 

Do 

Ways  Station »8. 

Do 

Whiteoak»» 


Brooks.. 
Taylor . . 
Liberty . 

do... 

Stewart. 
Camden. 


Glynn. 
do. 


Chatham 

do.... 

do.... 

do.... 


.do 
.do. 

-do 


Depth. 


Burke. 


Lee 

Bulloch.. 

do-.  . 

Emanuel.. 

do..... 

Camden . . 


Washington 


Thomas. 
do... 


Wolf  Island.... 

Wright 

Wrightsville". 

Do 


Lowndes. 


Mcintosh 
Jctfferson 


Worth 
Ware  . 
....  do. 

do. 

Burke . 


.....do. 
do. 

...do. 

do. 

do 

Bryan. 


do... 

Camden . 


Johnson 
do... 


Feet. 
430 

450 

490 

430 

600? 

700 

460 

430 

420 

525 

480 

438 

rtOoO 

1,500 

500 

40SM70 

475-700 
1,147 

±669 

676 

900 
415 

(?)600 
400 
400 
414 

990 

1,900 
480 
4<o 

455 
445 

497 
700 
500 
600 
992 

1,380 
760 
425 
618 
876 
460 

484 
450 

500 

785 
672 

763 


Diame- 
ter. 


Inches. 
24 

4 
2 
4i 

6 
8^ 
3 
4 
6 
4 

6-3 
6 


12 

10 
6 

4 


6 

4 

6 
•> 

2 
12-t 

51 

8 
4 

8 

3 
6 

8-2 

12 

6 

4 

6 

8 


4 
6 
3 

6-2 
4 

2 
6-31 

8 


Yield      Height 
per     I       of 
water. 


mmute. 


Remarks. 


OaXionsX     Feet. 
30 


I  ■*■  ^ 

II  +28 


66 

400 

-  30 

60  I  -  80 

150  I  +30 

100  +24 

25  '  -120 

Many,  i  +  50 


100-160 
250 


Many. 


Many. 
ISwellsl 

4,861  ; 


+  40 

-  18 
No  flow 


Many. 
40 


21 

10 

Many. 

Many. 

Many. 

Many. 

150 


120 
Many. 

1 
750 
150 


200 

Many. 
300 


+  81 
Flows. 


-    2 

+  30 
-100 


il 


-  80 

-  90 
+  50 

-190 

-210 
-210 


-113 

+  60 
+  20 

-  5 

-  80 


-  55 
+  14 

-  52 
No  flow 
No  flow 

-  18 


+  30 


-  60 

+  45 

-  80 
-60 

-  63 


Flows  at  00,  150,  and 

3S0feet. 

Temp.,  82*. 
Temp..  zL7(y. 
Water  at  109  f  eet^ 


Soft  water. 

Water  at  900  and  500 

feet. 
Swells. 
Water  360    and    435 

feet. 


2  wells  reported . 
5  wells  of  old  wmtei^ 

works. 
City  waterworks 

comprising  13  wells. 


Temp..72<». 


Water  at  300. 34S.  and 

500  feet. 
3  wells. 


Water  at  4S6  and  830 

feet. 


Temp.70*».  Water  at 
380. 450.  and  515  feet. 

Temp.,  70". 

13  wells  reported. 
Flow  also  at  :«>  feet. 

Sulphur  wat«r. 

2  wella,  pure  water. 


Water  at  250. 3QD.  an>l 
900  feet. 


Abandoned. 

Water  at  340  and  440 

feet. 

Water  at  130  and  4aD 

feet 
Sulphurous  water. 

Water  at  430  and  err 
feet. 


>  Record.  Qa.  Qeol.  Surv. .  Bull.  Na  7,pp.  156-157. 
aGa.  Geol.  Surv..  Bull.  No.  7,  p.  194. 
» Ibid.,  pp.  110-111. 
« Ibid.,  p  110. 

*Ga.  Geol.  Surv.,  Bull.  No.  7,  pp  74-75. 
•Ibid.,  pp  87  02. 
'  Record,  ibid.,  pp.  114-120. 
» Ibid,  pp.  176-177. 

»Ga.  Qeol.  Surv.,  Bull.  No.  7,  p.  43. 
»» Ibid.,  p.  83. 


» Record,  ibid.,  pp.  133-13& 

aibid.,  pp.  158-159. 

3  Analysis,  ibid.,  pp.  154-156. 

*  Record.  Ga.  Geol .  Surv. ,  Bull.  No.  7,  p.  13L 
6 Ga  Geol.  Surv.,  Bull.  No. 7, p.  164. 

•  Record  and  analysis, ibid., pp.  96-luS. 
'  Record,  ibid.,  pp.  12!V-126. 

'^  Ga  Geol.  Surv.,  Bull.  No.  7,  pp.  111-U2. 
"Ibid.,  p.  82. 
"Ibid.,  pp.  137-188. 
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PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  GEORGIA. 

Preliminary  report  on  the  artesian  well  system  of  G^rgia,  by  S.  W.  McOallie, 
Geological  Survey  of  Georgia,  Bulletin  Na  7,  214  pages,  plates,  Atlanta,  1898. 

Artesian  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton, 
United  States  Geological  Survey,  Bulletin  No.  138, 232  pages,  plates,  Washington, 
1896. 

IDAHO. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

Height 
water. 

Remarks. 

Boise 

Ada 

Feet. 
460 

483 

460 

+400 

425 

±400 
400 

Inches. 

Gallons. 
27f) 

Feet. 
+  10 

Temp.,  80°.  Deepest 
of  several  wells. 
Hot  wells  averafce 
555  gallons  per 
minute,  and  have 
a  height  of  +80 
feet.   Temp.,  170". 

Bliss 

Lincoln 

8 
8 

Clift   

Idaho  City          ..     . 

Boise 

Prospect'  well.  Not 
in  use. 

• 

Minidoka 

Lincoln 

Cassia 

Lincoln 

Oakley 

Owinza 

IliLilNOIS. 


Aledoi 


Algonquin  > 

Alton 

Amboy* 


Aurora* 

Do.« 

Do." 

Do." 

Austin  « 

Barry  * 

Beardstown*. 

Belleville 

Belvidere* .... 

Do 

Benton 

Betbalto 

Bradford 

Braid  wood  . . . 


Cairo . 
Do 


Cambridge 
Camppoint 
Canton^  ... 


Do.T 


Do.» 

Carbon  Cliflf » 

Do.' 

Carmi 

Carrollton'  .. 


Mercer 


McHenry 
Madison  . 
Lee 


Kane 

do.... 

.....do.... 

do.... 

Cook 

Pike 

Cass , 

St.  Clair  . 

Boone 

...-do.... 
Franklin. 
Madison  . 
Stark  .... 
Will 


Alexander . 
do 


Henry  . 
Adams . 
Pulton . 

do.. 


.....do 

Bock  Island 


.....do.. 
White.. 
Greene. 


3,115 

2,527 

880 
2,000 


663 
1,388 
2,270 
2,255 
1,205 
2,510 
1,070 

503 
l,a50 
1,982 

780 
1,000 
2,454 

900 

700-750 
1,025 

1.329 
1,006 
2,500 

1,646^ 


2,833 
915 

950 

600 

1,330 


» U.  S.  Geol   Surv.,  17th  Ann.  Rept.,  1895-96, 

part  2,  p.  810. 
« Ibid.,  p.  810. 
»  Analysis,  ibid.  p.  820. 
*  U.  8.  (Jeol.  Surv.,  17th  Ann.  Rept.,  1896-96, 

part  2,  p.  810. 


Many. 

-75 

6-4 

35-40 

Flows. 
+  3 

8-6 

350 

+  60 
+  60 

Many. 

100 

17 

6 

-  35 

■  ■"-■so" 

-  6 

-  6 
-12 

-  25 
-175 

At  sur- 
face. 
+  10 

8-4 
8-6 

5 

12 

8-6 

4 

400 

200 

3 

15 

Many. 

556 

9-6 

74 

-146 

4 
14-6 

125 
260 

+  81 

+  15 

5! 

400 

+  50 

Many. 

.....  ._.. 

Plows . 
-  50 

1 

Water  at  1,200  feet. 
Salty  water  from 
2,800  to  2,620  and 
8,071  feet. 

Bad  water.  Aban- 
doned. 

2  wells;  mineral  wa- 
ter. 

Temp.,  66«  to  60<». 
Water  at  800, 1,100, 
and  1,700  feet. 


Water,  oil, and  gas. 

Saline  water. 

Water  from  655  feet. 

4  wells. 

No  water  below  750 
feet. 


Water     from     2,050 

feet. 
Water  from  1,100  to 

1,305  feet  and  1,403 

to  l,646i  feet. 
Unsuccessful. 
Brackish  water  at  850 

feet. 


Water    from    1,285— 
1,330  feet. 


*  Analysis,  ibid.,  p.  827. 

*  Record,  111.  (Jeol.  Surv.,  pp.  61, 66. 

*  Record,  U.  S.  Geol.  Surv.,  lith  Ann.  Rept., 

1885-96.  part  2,  p.  849. 
8  Record,  111.  Geol.  Surv.  Rept. ,  vol.  8,  pp.  62-63. 
»  Record,  ibid.,  pp.  64-66. 
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I  L.IjIN01S— Continued. 


Location. 


County. 


Depth. 


CarthaK*** Hancock 


Do.  » 


do 


Do.« do 

Do.» do 

Centralia^ Marion 

Champaigrn Champaign 

Charleston Coles 


Do do 

Cliatsworth  • Livingston 

Chicago* Cook 


Do.' 


do 


Do do 

Do.« do 

Chicaffo  (Union  Stock do 

Yards)." 
Chicago   (Lehman    do 

Chicago  ( Swift  &  Co.)  do 

Chicago  (Stockton) do 

CollinBTille '  Madison 

Columbia Monroe  

Coulterville '  Randolph  . . 

Do > do 

Danville  Junction  . . .    Vermilion  . 


Decatur  • i  Macon  . 

Dekalb Dekalb. 


Do 
Do 


do., 
do. 


Do do 

Do do..;.... 

Denver  (near) '  Hancock  .     . 

Divernon Sangamon  . . 

Dixon*" Lee 

East  Dubuque Joe  DaviiMs. 

East  Moline Rcx^k  Island 

East  Peoria Tazewell , . . 

East  St.  Louis     St.  Clair    . . . 


{ 


Eldorado Saline 

Elgin" Kane  . 


Do.*-" do 

Do."    do 


Do.«»    I do.. 

Equality (*allatln 


Feet. 
1.8()0 


1.000 

1.787 
975 
864 
400 

2,m) 

748J 

i.aio 

694 

711 

1.400 

i.aoo 

1.105 

2,604 

2,700 
2.180 
2,186   J 

1.010  I 
1,117 
1,201  , 

2,008  j 

307  : 

800  ' 

880  I 

890  I 

» 

981 


Yield 
^^'      mSute. 


Diame- 


Indies.  ,(r€iHon*., 
5-3  j I 

! 

10-8 


Height 
water. 


Feet. 

-  16 


Remarks. 


Many. 


5 

4i! 


400 


--  20 

\     5 


Brackish  water  at 
about  7.10  and  1/kli 
feet. 

Water  at  865  and  975 
feet. 

Mineral  water. 
Do. 

Unsuccessful. 

Salt  water  at  IHO  and 
8l.'>  feet. 


-  13 
-     13 


+  «« 


'  Hard  water,  original 
head  4  77  feet. 
Original     head 

f«»et 
Unsuccessful 
At  top.     Hard  water. 


Brackish  water. 


840 


5i 


10  8 
14-ri 


Many. 

Many. 
:XiO 


30     2  other  wells. 


— laf) 
--  10 


6  4  I  Many. 

7<iO  I  '  Many. 

1,030    ,  Manv. 

W)4       Not  any 

1.640 

1.7»)   }  Many. 

1,810 

940  .'» 

1.:H0  ,  6  244) 


(        1.640   1 

.\        1.7»)    } 

I         1,810   I 


—  26 

—  55 

—  66 

—  60 

—  40 

—  40 


-     95 
+  :)6 


7:w 

1,100 

520 
1,4(K) 


1.876  |. 
2,02B  I 


2,230 

1,800 


1             1 

31      Pew 

(} 


+    2 
4-  27 


6-:ii 


Water  not  pleaKant. 
Water  braoidsh 
No  ga.s  or  oil  found 
Brackish    wat<.*r    at 
1,70'»  to  1,71©  feet. 


Water  125  to  161  and 
595  to  8!*0  feet. 


(^oal  proKiiect. 
3  wells. 


7.50  and  KKIO  to  HVO 
feet. 

Bracrkish  water  at 
31 7  and  734  feet. 

Qood  drinking  wa- 
ter, but  unfit  for 
lioiiers. 

Water  at  487  to  514 
teet:  sulphur  wa- 
ter at  tviO  to  7U0  feet. 

Also  sulphur  water 
at650to7n)feot. 

Sulphur  water  at  Sif) 
to  700 feet:  s<»ft  wa- 
ter at  2.(e4  feet. 

Also  sulphur  water 
at  650  to  7U0  feet. 

Very  salt  water  at  9(i0 
feet. 


>  U.S.aeol.Surv..l7th  Ann.  Rept.,  1895-96,  part  2,  p. 810. 

*  Record.  111.  Geol.  Snrv.  Kept.,  vol.  8,  pp.  64-65. 

>  Record,  ibid.,  p.  (i2. 

*  Record.  Economic  Geology  of  IlL,  voL  2,  pp.  138-130. 

*  Record,  Economl<?  iTcolop'y  111.,  vol.  3,  pp.  595  .596. 

*  U.  S.  Geol.  Surv.,  17th  Ann.  Rept,  lh»i>-96,  part  2,  p.  811. 
Ubid.,  T).  811. 

**  Re<*ora,  Economic  (Zoology  111.,  vol.  2.  p.  186. 

*  Record.  Economic  (4eoloj?y  111.,  vol.  3,  pp.  .'>)S-539. 

'»  Aualvsis,  U.  S.  Geol.  Surv.,  17th  Ann.  Kept.,  1S9.V96,  part  2,  p.  827. 

"  U.  S.  Geol.  Surv.,  I7th  Ann.  Rept.,  18ir>  \m,  iiart  2,  p.  812. 

'«  Ibid.,  p.  812. 

'» Ibid.,  p.  812;  Analysis,  ibid.,  p.  827. 
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IliLIXOIS— Contintied. 


Location. 


Evanston  < 

Fairbury'- 

Do 

Franklin  .. 


Pulton*  .... 

Qalena*  ..  . 

Galesbar.;^ 

Do.«  .... 


Oalva 

Geneaeo^... 

Oilman 

Qreenap  . . . 
Hamilton... 
Harvard — 

Harvey 

Hawthorne. 

Do   

Hennepin  .. 
Henry 


Highland  Park". 


Hinsdale 


County 


Cook 


Livingston 

do 

Morgan  .... 


Whiteside  . 

Jo  Daviess. 
Enoz 


Depth. 


Feet. 

i.eoe 

571 
2,002 
1,200 

1,246 

1,209 
1,238 

1,226 


Diame- 
ter. 


Henry 
do 

Iroquois 

Cumberland 

Hancock 

McHenry ... 

Cook.  

.....do 

..  ..do 

Putnam  

Marshall 


Lake 


Dupage 


Ipava* 1  Pulton 


Jacksonville*^ Morgan 

Do." ' do.. 

Do." do.. 


Do.>2 do 


Jerseyville^' Jersey 


Joliet»« '  Will.. 

Do I do 

Do.'* do 


Da»«.... 
Kankakee  >  ^ 
Kewanee  >i. 


Do.**.-.. 
Knozvlllei* 


....  do 

Kankakee . 
Henry  


do 

Knox. 


Ladd«o ,  Bureau 


Yield 

J;)er 
nute. 


Inches. 


8 


5 

8 


1,470  ' 

2,250 

1,746 

640 

680 

i.:»o  \ 

2,075   f" 

989 
2,005i 

800 

i.a<>5 

2,200 


14-6 

9-6 
6 


2 
12^7 


Gallons. 


300 
166 


120 

60 
190 
150 


4 

8-5 


864 
1.570 


1.600 
2,343 

3,028 

2,003 

477 
1,300 
1,700 
2,076 
l.OQD 
1,480 

1.060 
1.350 

400 


36 
90 

250 


80 
32 

150 


Height 

of       ! 
water. 


Remarks. 


Feet, 

4- 


60 


+  61 

+  85 


-102 

-178 
-  31 

-•    7 


+  63 

-  41 

-  10 


+  50 


+    9 


60 


6-4i| 

.    5« 

6t-r,ii 


30 

85 

500 


l^J 

20O 

Many. 

500 

' 

4 

9-6  1 

130 

—  16 
+  10 

—  30 

100 
Flows. 


+  10 

+  10 

-  15 

150 


7^ 

8 


80 
80 


135  I    Plows. 


Water  at  662  to  832 

feet. 
Water  at  427  feet. 

Flow  for  gas  unsuc- 
cessful. 

First  flow,  475  feet; 
sulphur  water. 

City  waterworks 

well  No.  2. 
Water  at  1,060  to  1,226 

feet. 


Mineral  water. 
Sulphur  water. 
Hard  water. 

2  wells. 


Slightly  saline  water. 

White   sulphur  wa- 
I      ter. 

I  Water  at  900,  1,300, 
'  and  1,700  to  2,200 
I  feet;  slightly  saline 
I     and  hard. 

i  Also  salty  and   sul- 
I     phurous  water  at 
I     about  1,010  feet. 
{  For  gas. 

Water    brackish    at 
I     2,340  feet. 
,  Water   brackish    at 
I     about  2,100  feet. 
I  Water  from  1,800  and 

3,000  feet;  slightly 

saline. 
Water  at  1,400  to  1,600 

feet. 


Water  from  900  feet. 

Water  from  1,000 
feet. 

2  wells. 

Water*  from  1,180  to 
1,350  feet. 

Shaft  for  coal. 
Flowed  3  gallons  at 
28  feet,  200  gallons 
at  173  feet,  then 
decreased  to  135 
gallons. 


»  U.  S.  Oeol.  Surv.,  17th  Ann.  Rept.,  1895-96,  jjart  2,  p.  813;  Analysis,  Ibid.,  p.  827. 

«  111.  Geol.  Surv.,  vol.  6,  p.  242. 

3  U.  S.  Geol.  Surv.,  17th  AniL  Rept.,  1895-96,  part  2,  p.  813. 

*  Ibid.,  p.  813;  Analysis,  p.  827. 

^  Analysis.  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  27,  p.  135. 

•  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  p.  813. 
'  Ibid.,  p.  813;  Analysis,  p.  827. 

^  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96, part  2,  p. 813. 

•Ibid.,  p.  813. 

•0  111.  Geol.  Surv.,  vol. 8, p. 67. 

» >  U.  S.  Geol.  Surv,  17th  Ann.  Rept..  189l>-96,  part  2,  p.  814;  Analysis,  Ibid.,  p.  83l\ 
»«  Ibid.. p. 814;  Analysis, ibid.,  p. ^. 
»3  Ibid.. p. 814;  Analysis, pp. 808, 827. 


> ^  Record,  Economic  Geol.  111.,  vol.  2,  pp.  482, 487. 
'*  U.  S.  G.eol.  Surv.,  17th  Ann.  Rept.  18te-96, ] 


part  2,  p.  814;  Analysis,  Ibid.,  p.  821. 
•  •  Record .  Ibid. ,  pp.  799, 814. 
»' Ibid., p. 814;  Analysis, ibid., p. 821. 
>* Ibid., p. 814;  ibid., p. 821. 

> •  U.  S.  Geol.  Surv. .  17th  Ann.  Rept. .  1895-96,  part  2,  p.  814. 
*<>  Columbia  College,  School  of  Mines  Quarterly,  vol.  16,  pp.  238-243. 
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IlililXOIS— Continued, 


Location. 


Lagrange  .... 
Lake  Forest  > 
Lancaster  3... 

Iiasalle  ^ 

Lemont 

Litchfield »... 


McLeansboro 

Hacomb 

Do.* 


Marion 


Marissa 

Marseilles  * 
Marshall ... 


Mattoon 


Mendon  .. 

Mendota  * 

Do.'.. 


Milan*.. 
Do.» 


Millstadt 
Minonk.. 


County. 


Cook 

Lake 

Wabash 

Lasalle 

Cook 

Montgomery 


Hamilton  ... 
McDonongh 
do 


Williamson 


St.  Clair. 
Lasalle. 
Clark  ... 


Coles. 


Depth. 


Feet. 
2.0U 
m) 

+800 

mi 

«K2 

800 
1,350 
1,630 

l.Tl.'i 


685 
2,189 

1,64; 


Diame* .     ^^^ 
ter.     '    P««^ 


Adams. 
Lasalle. 
.....do.. 


Rock  Island. 
do 


Minor  ka. 
Moline'o. 
Do.i» 


Monmouth  ** 

Do 

Do." 


St.  Clair... 
Woodford 


Qundv 

Rock  Island. 
do 


Warren 


do 
.do 


Do.»* ' do 


Monticello. 


Piatt... 

Morgan  Park Cook 

Morris** Grundy. 

Do ' do  ... 

Mount  Carmel '  •  ....    Walja.sh 
Mount  Carroll Carroll . 


Murphysboro 


Oakpark  ..^ 

Do . 


Jackson . 

Cook.... 

do... 


Olney" i  Richland. 


.1 


I  Yield 
y-    per 
minute. 


Inches,  GaUons. 

'eo" 


I 


1,000 
400 
857 

1,217 
1,157 

620 
1,755 


2,100 
1,166 
1.628 

1,232 

1,400 
1,230 


6 
6 


800 


Heiffht 
water. 


Ftet. 
No  flow. 
+  60 


Remarks. 


8^1 


34 


+  flO 


For  oil;  unsmoceaaful. 


Oil  with  salt  water 
and 


-  55 


35 
1 


8 


Flow. 


No  flow. 
Flow. 


I  Water  from  1,135   to 

'      1.360  feet. 

I  For  gas  and  oiL  Sul- 
phurous and  salt 
water  fonnd. 


Flow  is  from  SU  feet. 
2    unsnocessfnl   oil 
boringa. 

Many.  I  !  Salt  water  at  dng  feet. 

and  very  salty  at 
1,500  feet. 


8-5  , 

7*; 


318 

4 

100 


-  47 
+  14 


+  61 

-  75 
-149 


1,568 
2,200 
2,000  1 1 i  Noflow 


Flows  at  187  and  637 
feet. 

Water  from  800  and 

1,000  feet. 
Hard  water. 
Moderately    hard 

water  at   f50  feet 

and  at  aboot  LTiv 

feet. 


Sulphur     water     at 

about  700  feet. 
No  flow   water:   no 
gas;  nooiL 

Water  from  1,074  to 

14S30feet. 
Water  at  985  and  from 

1,074  to  l^eST  feet. 
Flow     of       mineral 

water  also. 
Water  at  1,010  feet. 


Bored  for  oiL 

Much  water  at  Ijsnn 

feet:  less  f rcxn  1,3» 

to  24500  feet. 
Good  water    at   44i) 

feet:   saline  water 

at  450  feet. 
Water     from     l,5S9 

feet. 
Water  from  1,000  and 

2,200  feet. 
Saline  water. 


» U.  S. Geol.  Surv.,  17th  Ann.  Rept.,  1895-96. part  2, p. 814. 
«  Record,  Economic  Geol.  111. ,  vol.  3,  pp.  58-60. 
'  Record  111.  (Jeol.  Surv. ,  vol.  7,  p.  37. 

*  Analysis,  U .  S.  Geol.  Surv. .  17th  Ann.  Rept.,  1895-96,  part  2,  pp.  808, 827. 

*  Record,  111.  Geol.  Surv.,  vol.  8,  p.  50. 

•U.S. Geol. Surv.,  17th  Ann.Rept.,18ft5-96,part2,  p.815. 

T  Record,  Minnesota  Geol.  Surv.,  13th  Ann.  Rept.,  pp.  55,66. 

«U.  S.  Geol.  Surv.,  17th  Ann  Rept ,  1895-96,  part  2,  p.  846. 

•Ibid.,  p.  815;  Analysts,  ibid.,  pp.  H08,  827. 

»•  Record,  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  pp.  847.848. 
»» Record,  ibid.,  p.  H4«;  Analysis,  ibid.,  pp.  808,  837. 
>2  Record,  HI.  Geol,  Surv.  Reports,  voL  8,  pp.  62-66. 

»» Record,  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1805-96,  part  2,  p.  848;  Analysis,  IWd.,  VP-  308, 827. 
><  Record,  ibid.,  p.  H48:  Analysis,  ibid.,  pp.  808,  827. 
»*  Record.  Economic  Geol.  111.,  vol.  2.  p.  45<. 
••  Record  in  part.  Economic  G^l.  111.,  vol. 3, pp. 386-387. 
1^  m.  Geol.  Surv.  Reports,  voL  7,  p.  8. 
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IlililNOIS-Continned. 


Location. 


Coanty.  Depth. 


I 
Ottawa* ;  Laaalle. 

Do.« ' do.. 

Palatin* Cook... 


Pana Christian 

Paris '  Edf^ar 

Park  Ridge ,  Cook 

Pazton I  Ford 


Pedicord 


Pekin. 
Do 


Laaalle. 


Tazewell. 
....do.... 


Peoria  (opposite )« . . . ,  Peoria  . 
Fern* Lasalle. 


Polo 

Potsdam 
Princeton  • . 
Do 


Dor 
Qnincy . 
Ramsey 
Redbnd. 

Do.. 
Review . 

Do.. 


Riverside  * 
Do 


Ogle. 


do 

Adams . . . 
Payette . . 
Randolph 
....do.... 


Hancock 
do... 


Riverton* '  Sangamon 


Rock  Island  ^^ 

Do.»» 

Bockford»«... 


Do."-. 
Rashville. 


St.  Johns  I « 

Do 

Savannah  . 

Seneca 

Do.".. 


Shelbyville. 


Rock  Island. 

do 

Winnebago . 

do 

Schuyler  ... 

Perry 

do 

Carroll 

Lasalle 

do 


Shelby 


Feet 
400 


1,840 

1,666 

2,607 
2,20U 
1.500 
2400  or 
2,600. 
2,189 

8b0 
1,000 


784 
1,860 

2.008 
1,500 
2,500 
2,082 


400 

560-1,000 

+400 

680 
1,850 
1,400 
1,288 


'{ 


680 
1.3001 
2,200/ 
2.584 


1,150 

2,262 

1,900-1,996 


400 
2.600 

1,050 

3,750 

1,432 

600-650 

680 


1,200 


Diame- 
ter. 

Yield 
mmute. 

Height 
water. 

IncKea. 

CkUlona. 

Feet. 

+177 
+2 

Pew. 
Not  any 

Many. 

8 

8 

6-3 

-10 

At  sur- 
face. 

6 

167 

+66 

+60 
+120 

200 

Many. 
Many. 

-72 

9Mt 

880 

3 
4 

4 

+  7 
-20 

6 

206 
1,000 

64 

+68 
+20 

8 

4 

8-4jl 

400 

+70 

+50 
+  8 

—  8 

a-6 
6 

116-260 

6 

500 

+83 

4 

+16 
Plows. 

6 

Remarks. 


Has  200  weUs  400  feet 

deep.    Water  from 

290  to  400  feet. 
Water  from  1,640  to 

1,840  feet. 
Water  at  160  and  800 

feet. 
Brackish  water. 


Water  from  Potsdam 
1,845  to  2,148  feet. 

Salt  at  600  feet. 

Salt  water  at  425  feet. 
Lower  water 
strongly  sulphur- 
ons.    Temp.,  70®. 

Sulphur  water. 

Water 


at  760    feet 


also. 


Water  hard,  sliffhtly 
saline  from  IMl  to 
1,670  feet  and  1,860 
to  1,975  feet. 

5  wells. 


Temp.,  62«. 

Salt  water  from  60O 

tol,0U6feet. 
Mineral  water. 


No  gas,  oil,  or  water 
found. 

Sulphur  water  at 
750  and  980  feet. 

Also  sulphur  water 
at  800  feet. 

Pive  wells.  Water 
from  380  to  400  feet 
and  1,200  to  1,800 
feet. 

Water  has  unpleas- 
ant taste. 

6  salt  wells;  brine  at 
970  feet. 


2  wells. 

Water,  which  is  hard 

and  sulphurous.  Is 

from  3o0    and  88U 

feet. 
Water  is  saline,  and 

from  626  feet 


» U.  8.  Geol.  Surv. ,  17th  Ann.  Rept. ,  1H95-96,  part  2,  p.  816. 
«  Record,  ibid. ,  pp.  798-799. 
>  Ibid.,  p.  816. 

•  Economic  Geol.  of  IlL,  Vol.  2,  p.  449. 

•  Analysis,  U.  8.  Geol  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  p.  828. 

•U.  S.Geol.  Surv.,  17th  Aon.  Rept.,  1886-96.  part  2,  p.  816;  Analysis,  ibid.,  pp. 808, 828. 
"f  Record,  Economic  Geol.  of  IlL,  vol.  3.  p.  L8. 
"  Record,  111.  Geol.  Surv.,  vol.  8,  pp.  64-65. 

•  111.  Geol.  Surv.  Reporte.  vol.  8,  p.  62. 

10  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  p.  816;  Analysis,  pp.  808,  828;  Record,  pp. 

»» Ibid.,  pp.  817,845. 

"  Ibid.,  p.  816:  Analysis,  p.  828. 

"Analysis,  ibid.,  p.  828. 

»<  111.  Geol.  Surv.,  vol.  7,  p.  38. 

"  U.  S.  Geol.  Surv.,  17th  Ann.  Rept,  1896-96,  part  2,  p.  817. 
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IlililNOlS— Continned. 


Location. 

County. 

Sheldon 

Shawn  eetown '    

Iroqnis 

Gallatin 

Do.2 

do 

Sparta » 

Sprini;QeId ' . 


Sterling  * . 
Streator*. 


Randolph. 
Sangamon 

Whiteside 

Lasalle 


Tuscola  

Do 

Vermilion  « 


Douglas 
...do  .. 
Lasalle.. 


Virginia 

Washington  Heights 

Warsaw 

Do 

Do 

Waterloo 


Waukegan 


Wenona 

West  Frankfort 
Wilmington 7  ... 


Winchester 
Wlnnetka^ 

Do 

Woodstock . 
Do 


Cans 

Tazewell. 

Hancock . 

do.... 

do.... 

Monroe  .. 


Lake 


Marshall. 
Franklin . 
Will 


Scott 
Cook 


do... 

McHenry 
..    do  ... 


Depth.     ^:^ 


Feet 
1,800 
1,513 

1,500 


480 

Nearly 

1.200. 

1,450 

2,496 

3.000 
1,000 


750  ^ 

1.306  ' 

I 

780-800 

750  , 

860  ' 

1,036  I 

1,135  I 

i.eoo  I 

2,005 
1,854  ' 
465  I 
633 


Inches. 
10-6 

QaUans. 
100 

Feet. 
-40 

-75 

No  flow. 

360 

At  sur- 

face. 
+46 

9-6 

1 

Many. 

Plows. 

0 
6 
9|-7i 


( 


412 
1,570 

1.900 

1,014 

410 


Yield 

per 

minute. 


Height  I 

of 
water. 


100  I        +85 


90 

200 

20 


+155 
+  62 


100 


—  25 


150 


500 


46 


■r  26 
4-    8 


130 


Remarks. 


salt 


For    oil,    onlT 

water  foaod. 
At    5U0   feet,    small 

rein  gaa;    at   1.5nj, 

large  qoantity  salt 

water. 


I 


Water  at  4SQ,  2.170 
to  2,4116  feet. 

Temp.,  60". 

Flows  besin  at  380 
feet;  water  slight- 
ly saline. 

Water  at  730  and  750 
feet:  unfit  for 
drinking. 

3  wells;    water   ml- 

phuroQs. 
Do. 
Original  head  +98. 
20-gallon    flow  at  4> 

feet  also.  Temp..,50». 


Irony  water:  SweDs. 


Coal  prospect. 

Sulphurous  and  mag- 
nesia water  from 
4O0  to  685  feet. 

Water  from  390  feet. 

Original  head,  -IS 
feet 


»  U.  S.  Geol.  Surv.J7th  Ann.  Kept.,  1895-96,  part  2,  p.  817. 

«Ky.  Geol.  Surv.  Kept.  Petroleum,  Natural  Gas,  etc,  by  E.  Orton,  p.  205. 

*  nr.  Geol.  Surv.  Reports,  vol.  5,  p.  312. 

<  Analysis,  U.  S.  Geol.  Surv.,  I7th  Ann.  Rept..  1895-96,  part  2,  p.  828. 

»Ill.  Geol.  Surv.,  vol.  7,  pp.  50,  59;  Record,  U.  S.  Geol.  Surv..  17th  Ann.  Rept.,  IHQ5-96«  part 
2,  p.  798;  Analysis  Ibid.,  p.  Wl. 

*  U.  8.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  p.  818;  Economic  Geol.  Illinois,  voL  2,  p.  235. 
7  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1896-06,  part  2,  p.  818. 

*  Analysis,  V.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1896-96,  part  2,  p.  828. 

PRINCIPAL   PUBLICATIONS   RELATING   TO   DEEP   BORINGS  IN 

ILLINOIS. 


Illinois  Geological  Survey,  Reports  on  Geology  and  Palseontology,  volmnes  o, 
1873;  6, 1875;  7,  1883,  and  8,'  1890. 

Economical  Geology  of  Illinois,  by  State  geologist,  volumes  2  and  3,  Spring 
field,  1882. 

The  Water  Resources  of  Illinois,  by  Frank  Leverett,  United  States  G^eologic^ 
Survey,  Seventeenth  Annual  Report,  1895-96,  part  2,  pp.  695-849,  plates,  Washing- 
ton, 18U0. 
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INDIANA. 

The  numerous  deep  borings  in  Indiana  are  for  oil  or  gas,  but  a  few  of  them 
yield  water  supplies.  The  wells  are  in  groups  or  ''districts,"  often  many  square 
miles  in  extent.  Where  localities  given  in  the  following  list  are  in  districts,  only 
representative  wells  are  described,  for  it  would  not  be  practicable  here  to  list  all 
the  individual  wells.    In  some  localities  new  wells  are. constantly  being  sunk. 


Location. 


County. 


Adams Doratnr 

Alexandria I  Ma^lison 

Amboy  ' Miaini  .. 


Albany  s... 
Albion  =»  ... 
Anderfton  * 


Do.» 
Arcadia  * 
Atlanta.. 
Actica  — 
Aubnm  . 
Aurora''. 


Bloomington 


Bluffton 
Do.o 


do 

Hamilton .. 

do 

Fountain  .. 

Dekalb 

Dearborn.. 


Monroe 


Wells 
do 


B(X)ne  Landing: Floyd  . . . 

Boonviile Warrick 

Boonville    (4    miles, do... 

west). 

fiooQvilie I do  ... 

Bridgeport '" I  Marion . . 

Brightwood |  Marion.. 

Do do  .. 

Do I do... 


Brood  Ripple I do  .. .. 

Brook ville  (4   miles     Franklin. 

south)."  I 

Brownstown '' ,  Jackson. 


Bryant 

Bunker  H11P». 

Butler 

Do" 


Cadiz 

Cambridge 


Jay  — 
Miami 


Dekalb 
do.. 


Henry  . 
Wayne. 

Jay 


Camden 

Cunnelton |  Perry 

Carbon      (2      miles     Clay., 
south).  I 

Do '.---  do 


Depth. 


Diam- 
eter. 


Delaware 

Noble 

Madisou 


—  t 


I 


1    Yield 

Ser 
lute. 


Feet. 

±   m) 

881 
044) 

978 

1,914 

800 

800-900 
974 


Inches.  Gallons. 


8 


900 

+i.98;j 

1.000 


2,730 
100-500 

i.aoo  I 


1.400  , 

1,500  '10  or  13 


1,200  ' 

1,300  , 

455  , 

476  , 

L181 

-I-    950 
1.254 

1,S91 


l.a'iO 

000  ! 
2,  im  ' 


12 


Height 

of 
water. 


Feet. 


-25 

Flows. 


8 


139 


No  flow. 
No  flow. 

Flows. 


-  15 
-  60 


-291 


+     H8(i 


--  20 


Remarks. 


Gas  well. 

Gas  wells. 

Salt  water  at  385 
feet. 

Gas  well. 

For  gas;  unsuccesfuL 

Water,  mineral;  city 
supply  in  part. 

Gas  wells  in  vicinity. 

Gas  well. 
Do. 

Sulphurous  water. 

Gas  wells. 

Brackish  water  at  195 
feet,  brine  at  Sil 
feet,  and  gas  at  287 
feet. 

No  good  water;  aban- 
doned. 

Hard  water. 

For  gas:  unsuccess- 
ful; Bait  water. 

Gas  wells. 

Gas  well. 


Salt  water. 
Gas  well. 
Several  wells. 
Railroad  well. 
Some   gas,    oil,   and 

salt  water. 
Gas  wells. 
Do. 

Flow  of  magnesia 
water  at  565  feet: 
salt  water  at  1,891 
feet. 

Oil  well;  abandoned. 

For  gas;  unsuccess- 
ful; salt  water. 

Hard  water. 

For  gas,  unsuccess- 
ful; saltwater. 

Gas  wells. 

For  gas;  unsuccess- 
ful. 


'  '  Gas  Ttrells 

i'r*)' 8-5t  ! ! ]  1 ! !  1  ] . ;      ' -i.W  '  water  and  oil. 

9:U)  ' .1 1  Not  successful. 


1    '>V, 


10 


-  40 


Good    water   at    350 
feet. 

Carmel    ;  Hamilton ' ' Gas  well;  small  prod- 

i  ,  uct. 

»  Record,  Ind.  Geol.  and  Nat.  Hist.  Surv.,  Iflth  Rept.,  1888,  pp.  m\,  187. 

»  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part  1,  p.  715. 

8  Ibid.,  p.  737. 

•  U.  S.  Geol.  Surv.,  18tb  Ann.  Rept.,  1896-97,  part  4,  p.  487. 

»  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part  1,  pp.  711-713. 

•Ibid.,  p.  699. 

'  Ibid.,  p.  705. 

»*  Record,  Ind.  Geol.  and  Nat.  Hist  Surv.,  16th  Rept.,  1885-86,  p.  332. 

»  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept,  1889-90,  part  1,  p.  740. 

'"Ibid.,  p.  701. 

» '  Record,  U.  S.  Geol.  Surv..  11th  Ann.  Rept,  1889-90, part  1, p.  707. 

•2Ibid.,p.72>i. 

»3  Ind. Geol. and  Nat.  Hist.  Sem.,  16th  Ann. Rept. ,  1888. p.  186. 

•<  Record,  U.  S.  Geol.  Surv.,  Uth  Ann.  Rept, .  1S89-90, part  1, p. 738. 
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INDIANA— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

mmute. 

Height 
water.  ' 

Carthage* 

Ruffh  .  . 

Feet 

Inches. 

GaUona.     Feet. 

1 

Oentervllle 

Wayne 

Warrick 

Hancock 

+    886 
1,S05 

.... 1.. . 

Chandler 

1 , 

1 1 

Charlottesville 

._.,.„... 1 

Chesterfield' 

Madison 

Hamilton 

948 

—  1 

Cicero 

1 

Circleville 

Tipton 

Whitley 

Bartholomew 
Jay 

+1,078 
1,875 
1,700 

Columbia  City" 

20  , 

Columbus* 

1 
1 

Como - 

::::::::  :::":::i 

Connersvllle  * 

Payette 

Miami 

do 

851 
200436 

900-050 

1,200 

428-728 

1,000 

8 

Converse 

i 

Do.« 

1 

Corydon 

Harrison  7  ... 
do 

Fountain 

Delaware 

Montgomery 

TjiIta 

1 
...... *...i 

""8^ 

_.  _._^ .1 

Covington   (8  miles 

. .  ... . ... j 

below). 
Cowan 

+    035 
1.544 

1,365 
3,300 

Crawf  ordsvllle  * 

Crown  Point  • 

-120 

Do.»« 

do 

CximhArlAnd     , 

Marlon 

Delaware 

Wayne 

Hendricks ... 
do 

+1,(09 
+    870 
+    960 

830 
1,500 

1,300 

±    840 

914 

1,200 
923 

... '.!_.. 

Daleville 

Dalton 

Danville 

Do 

8-5 

30 

Decatur  11 

Adams 

Carroll 

do 

Deer  Creek  (one-half 

6-4 

mile  south). 
Delphi  1* 

Do 

.....do 

Delphi  (2  miles  south- 

do 

do 

'*"  6^4 

west)." 
Delphi  (northeast) . . . 

938            G-4 

947  1         6-4 

1 

Delphi  (southeast,  at 

do 

do 

F 

Flows.  ' 

water  tower). 
Delphi  (southeast) . . . 

1,315 
1,385 

6-4 

Flows. 

Delphi  (northwest) . . 

do 

Delaware 

6-4 

1 
1 

Desoto 

Dublin 

Wayne 

Jay  

Henry  

1,250 
±    905 

-251) 

Dunkirk         

Dunreith 

Earl  Park 

Benton 

Hamilton  ..1. 

i.doo 

5 

Eagletown 

Eaton** 

Delaware 

Remarks. 


Gas  near  1,257  feet. 

For  gas;  nnsaoc^&s- 
ful. 

2  flows  of  salt  water 
and  some  gasw 

Gas  weU. 
Do. 

Gas  welL 

For  gas;  nnsnocess- 
ful. 

For  gas:  nnsaooees- 
f ul.    Salt  water. 

Gas  well. 
Do. 
Do. 

Hard  water;  brack- 
ish water  at  435  feet. 

Gas  wells  in  vicinity. 

Gas  boring. 

Fresh  water  aO-iai 
feet;  also  salt  water 
in  lower  atnita. 


Gad  well. 

For  gas;  iinsnooeeB' 
ful.  Snlpfanr  wa- 
ter at  750  feet. 

For  gas;  nnsnccess- 
fuL    Saltwater. 

Not  Huooeaaf  ul. 

Salt  water. 

Gas  well. 

For  gas;  nnsacoess- 
ful. 

Abandoned. 

First  wateratTU) 
feet. 

For  gas;  nnsnooeaB- 
ful.    Saltwater. 

Oil  at  S25  feet;  salt  or 
mineral  water  at 
833  feet. 

For  gas;  ansncoess- 
fuL 

Salt  or  mineral  water 
at  9C23  feet. 

Salt  or  mineral  water 
at  928  feet;  also  oiL 

Salt  or  mineral  water 
at  922  feet;  also  ail 
and  gas. 

Salt  or  mineral  water 
at  896  feet;  also  oil 
andgaa. 

Salt  or  mineral  water 
at  923  feet. 

Gas  welL 

Gas  well. 

Gas  wells. 

Gas.welL 

Abandoned. 

Gas  well;  small  prod- 
uct. 

Gas  welL 

>  Record,  U.  S.  Geol.  Surv.,  llth  Ann.  Rept. ,  1889-90, part  1, p.  704. 

•ibid.,  pp.  709-713. 

■Record,  CJ.  8.  Gool.  Surv.,  llth  Ann.  Rept.,  1889-90,  part  1,  p.  736. 

<Ibid.,  p.  722;  U.  8.  Geol.  Surv.,  18th  Ann.  Rept.,  1896-97,  part  4,  pp.  487-488. 

»U.  S.  Geol.  Surv.,  llth  Ann.  Rept.,  1889-90,  part  1,  p.  721. 

•lbid.,pp.  e90-(»l. 

» U.  8.  Geol.  Surv.,  18th  Ann.  Rept.,  1896-97,  part  4,  p.  488;  Record, U.  S.  Geol.  Surv..  llth  Ann. 
Rept.,  1889-90,  part  1,  p.  735. 

8  Record,  U.  8.  Geol.  Surv.,  llth  Ann.  Rept.,  part  1, 1889-90,  p.  729. 

•Ibid.,  p.  734. 

»»  Borings  preserved  In  county  auditor's  office. 
"  Record,  U.  S.  Geol.  Surv.,  llth  Ann.  Rept.,  1889-90,  part  1,  p.  740. 
"  Ibid.,  p.  731. 

»»  Record,  Mich.  Geol.  Surv.,  1881-1893,  p.  54,  pi.  14. 
"  Record,  U.  6.  Geol.  Surv.,  llth  Ann.  Rept.,  1889-90,  part  1, p.  713. 
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IN"DIAXA— Continued. 


Location. 


Connty. 


Edinburgi I  Johnson 


Elizabethtown ,  Bartholo- 

mow 
Elkhart « I  Elkhart 


Elwood I  Madison.. 

English  (8  miles     Crawford 
south). 

Do.. I do 

English,  Clark  well  * do 


Evansville Vanderbarg. 

Do* do 


Do do 

Fairmount* Grant  

Farmland^ Randolph 

Fisher's  Station Hamilton 

Flora Carroll  ... 


Florida Madison 

Fonianet Vigo 

Fontanet     <oue-half   do... 

mile  southwest). 
Fontanet    (3    miles     do... 

southwest). 

Fortville '  Hancock 

Fort  Wayne Allen 


Fort   Wayne    (Bass     do.. 

foundry.) 
Fort  Wayne  CAbott's  do.. 

addition).' 
Fort  Wayne  (court-    do  . . 

house). 

Fountain  City i  Wayne. 

Francesville Pulaski 

Frankfort « i  Clinton 


Frankfort    (4   miles    do... 

east  I.  I 

Franklin* Johnson 

Frankton '  Madison 

Fulton ,  Fulton  .. 


Galveston** Cass 

Do I do. 

(Barrett '  Dekalb. 

Glonwood I  Rush... 


Goshen «» Elkhart 

Gosport Owen  ... 

Greencastle Putnam . 


Depth. 


Feet. 
1,583 

-f    914 

-f    615 


»36 
700 

887 
648 


1,100 

1,82» 

1,600 
500-1.000 

i;oi7 


Diame- 
ter. 


Indies. 


±     400 
440 

1,431 

(?) 
250-450 

1,468 

1,900 

3,0fX) 

+1,025 
+890 

1,446 

1.105 

1, 113 

840 

1,150 

860 


+ft50 

2,059 

926 

1,200 


Do do 2,000-2,700 


990  I 


Yield 

per 

minute. 

Gallons,  i 


Height 

of 
water. 


Feet. 
-  83 


Remarks. 


5* 


For  gas;  salt  water 

only. 
Gns  well. 


3 

8 


11 

8 


Flowed.  For  gas;  unsuccess- 
ful. Bait  water  at 
530  feet. 

Gas  well. 


+  &5 
+  50 


8-4 


±1,100  6-4 


8 


8-4 


Many. 
Many. 


-  12 


G.1S  at  406  feet;  salt 
water  at  648  feet; 
some  oil. 

Several  wells;  brack- 
ish water. 

Salt  water  at  1.400 
leet. 

Gas  wells. 

Do. 

Do. 
Salt  water   at   1,040 

feet;  also  oil. 
Gas  well. 


Water  at  400  feet. 


5.0lX)in 
all. 


6 

8-4 


I  Gas  wells. 

6(?)  54    wells    at    water- 
works. 
For  gas;   unsuccess- 
ful. 
For  gas;    unsuccess- 
ful; mineral  wat^er. 
For  gas;   unsuccess- 
ful. 
Do. 
Oil  and  gas;  unsuo> 

co&sf  111 

-600  I  Salt   water   at   1,200 

I      feet. 
For  gas;    unsuccess- 
ful. 


—900 
-    8 


Gas  well 

Salt  water   only; 
abandoned. 


Many 


+30 


I 


Salt  water  only. 

,  Small  gas  well. 

i  For  gas;    unsuccese- 

■      ful. 
Flows.     For  gaa:   unsuccess- 
ful; salt  water. 
White      sulphur 
water. 

For  gas ;    unsucces»- 

I      tul. 
Flow.  '  Several  borings- 
water    at    several 
I      horizons. 
I  Gas  wells. 


Greenfield  >« I  Hancock 

1  Record.  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90, part  1. p. 728. 
3  Ibid., p.  7:15;  Michigan  Geol.  Survey,  1881-1893, p. 57,  PI.  X VII. 

*  Record, Ind.  Geol. and  Nut.  Hist., 17th  Ann.  Rept.,  1891,p.311. 

*  Ky.  Geol.  Surv.  Petroleum,  Natural  Gas, etc.,  by  Orton, pp.  197-98. 
»  C.  S.  (*eol.  Surv.,  11th  Ann.  Rept.,  1889-90, part  1,  p. 685. 

« Ibid.,  pp.  688-689. 

'  Analysis  and  record,  Ind.  Geol.  and  Nat.  Hist.  Surv.,  16th  Ann.  Rept,  1888,  pp.  129-130. 

**  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept ,  1889-90, part  1,  p.  730. 

•»  Ibid.,  p.  727. 
1 0  ReiX>rd,  Ind.  Geol.  and  Nat.  Hist.,  i9th  Ann.  Rept ,  1894, p.  38. 

» >  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept ,  1889-90,  part  1,  p. 736;  Mich.  Qeol.  Surv.,  1881-1883,  pu 
flO.pl.  19. 

»•  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept,  part  1,  pp.  701-702. 

IBR  57— -02 3 
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IKDIANA— Continued. 


Location. 


County. 


Depth. 


Diame- 
ter. 


Yield 

per 

I  minute. 


Heifflit 
water. 


Qreensburgi 

Qreonsboro  (near; . 

Oreentown 

Greenwood 

Do.a 


Decatur 
Henry  . . 
Howard. 
Johnson 
do... 


Pert. 

86:^886 


Inches.  Gallons.^     Fett. 


Hagerstown  ... 

Hammond 

Hartford 

Hartford  City » 


HartsvlUe. 
Hebron  ... 


Herbst  Station 
Honey  CreeJi... 
Huntington^... 


Huntsville  . . 
Indianapolis 


Do.».. 
Irvington 
Jasper  — 


Wayne 

Lake 

Jay  

Blackford.. 


Bartholomew 
Porter 


Grant 

Henry 

Huntington 


Madison 
Marion  . 


do. 

do. 

Dubois 


963 
1.975 


706-1.025 

1,7(JU-1.90() 

±925 

900-1, 0(J0 


+861 


1,045 
+980 
1,087 


Jefferson ville  • Clark 


060-1,  («9 

1,530 

990 

1,100 


900-1,216 


Joliet Hamilton 

Jonesboro^ i  Grant 

Kempton^ Tipton... 

Kendallville I  Noble.... 

Kentland I  Newton.. 

Do I do 

Kewanna* i  Fulton... 

Kirklin Clinton.. 

Knox Starke... 


985 

1.085 

+1,930 

1,200 
1,326 
1,089 
1.089 
il,500 


Kokomo^o. 


Do 

Do 

Knights  town 

Lacrosse     (3     miles 
distant). 

Lafayette  11 

Do 

La  Fontaine »' 

Lapelle  

Laporte 


Howard '  920-1,000 


do... 

do... 

Henry  . , 
Laporte . 


Tippecanoe 

Wabash -.11! 

Madison 

Laporte 


Larwell*' I  Whitley 


838 

410 

1,000 

920 


1,598 
1,015 


Lawrence ;  Marion 

La wrenceburg '  Dearborn  . . . 

Lebanon  »< I  Boone 1,360-1,840 


I^eeHburg Kosciusko  ., 

Lib**rty'* '  Union , 


1,800 
971 


-  8; 


Many. 
Many. 


5 

8-10 


-  00 

■-"84' 


Flows. 


Flows. 


At  sur- 
face. 


-  45 
-240 


-200 
-315 


Remarks. 


Numerous  gaa  wells. 

Gas  well. 
Do. 

Water  from  aa»  feet. 

For  ga^o;  unsuccess- 
ful: water  at  1,H40 
and  1.8fi6  feet. 

Several  gas  wells. 

Several  wells. 

Gas  wpll!«. 

Over  hUOO  wells  for 
oil  and  gas  in  the 
county. 

Gas  well. 

For  gas;  unsuccesB- 
ful. 

Gas  welL 

Gas  wells. 

For  gas;  unsuccess- 
ful. 

Gas  well. 

For  gas;  ansuccess- 
ful. 
Do. 

Gas  well. 

Salt  water  at  460  f ev t, 
gas  at  6U0  feet,  oil 
and  mineral  water 
at  955  feet. 

For  gas;  nnsocoeas- 
ful. 

Gas  well;  small  flow. 

Gas  well. 


For  gas; 
ful. 


ansnccess- 


Do. 
Do. 
Do. 
Borings  for  oas  or  oil ; 

unsuccesaial. 
Gas  wells;  much  salt 
water. 


Gas  well. 
Gkiod  water. 


Gas  well. 
Gas  well. 

Do. 
For  gas; 

ful. 
For  gas; 

ful;  saltwater. 

Gas  wells. 

Several  wells;  saline 

water  at    400  and 

1,360  feet. 

For  gas;   unsncoess- 
ful. 


unsuccesB- 


unsuccess- 


»  Ri^cord,  U.  S.  (Jeol.  Surv.,  11th  Ann.  Rept.,  1HH9-90,  part  1,  pn.  708-704. 

nhul.,p.  728. 

» Ibid.,  pp.  078-681. 

*Ibid.,p.  rJ9. 

»  Record,  Ind.  Geol.  and  Nat.  Hist.,  1S85  86, 15th  Rept.,  p.  331. 

•  Record,  U.  H.  Geol.  8urv.,  11th  Ann.  Kept.,  1889-00. i)art  1, p.  724. 

'Ibid.,  p.  088. 

»Ihid..p.tt«6. 

•Ibid..p.7;G. 

»" Ind.  (iool.  and  Xat.  Hist.  Surv.,  1885-86, 15th  Ann. Rept., pp. 32;V-336;  U. 8. »eol. Surv.,  Uth  Ann. 
Rept.,  l>-W»-!«).  part  1.  pp.  H«1-<5«J. 
' » Ind.  G»*oI.  and  Xat.  Hi.st.  Surv.,  1885  8<K  l.>th  Ann.  Rept.,  pp. 69-71. 
'•■'Reronl.t-t.-..  U.S. Geol.  Surv.,lltn  Ann.  Rept. .  18bU- 90. part  l,pi 
»»Ihid..p  t:;*;. 
>M».i«i..p  :;«». 

"Ibid..pp.7»>-721. 


pp.  689-4)90. 
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INDIANA— Continued. 


Location. 


County. 


Depth. 


Diame- 
ter. 


Yield.     Height 
per  or 

minute,    water. 


Remarks. 


Liberty    (8    miles  |  Union 

from).  . 

Lodi» Fountain 


Logansport ' 


Cass. 


Loogootee j  Martin — 

Losantville Randolph . 

McCordsville Hancock . . 

Sif adison  ' Jefferson  . 


i.aoo 

1,105 


Marion  < Grant 

Markle '. Huntington  .| 


Markleville Madison 

Martinsville Morgan . 

Do.  •  ....  do... 


l.OH 

i+8«5-l,010 

1,7(J() 


Mechanicsburg ,  Henry  . . 

Medaryville  (6  miles     Pulasjcl  . 

west).* 
Michigan  City '  Laporte. 


Michigan  City  (1  mile    do 

west).''  j 

Middleton Henry... 

Mifflins Crawford 


Feet,      j  Inchett.  iGallons.      Feet. 

1,000  I       8-10   ; Ft>r  gas;  unsuccess- 

'      ful. 
1,155  I  10  35  ,        +  4t3     For  oil;   yields  min- 

eral water. 

+1.075   3  I   Flows.     Several    boring    for 

I  gas:    unsuccessful; 

sulphur  water. 

For  gas;  tiusucceas- 
ful. 

Gas  well. 

For  gas:  unsuccess- 
ful. 

Numerous  eas  wells; 
some  yield  oil. 

White  sulphur  wa- 
ter. 

Gas  well. 

For  gas. 

Six  wells  of  mineral 
water. 

Gas  wells. 

Salt  water  and  oil. 

Temp. .  57*' .  Sulphur 
water. 


4 

8 


—700 

Flow. 

Flows, 


972 

1,472 

868-704 


b-a  I    3o-;i5 


I 


1,090 

81»,833 

541 

+086 
1,180 


Millhousen I  Decatur 1,000-1,100 

Milroy , 


Millgrove Jay 

Mitchell I  Lawrence  .. 

1 
Monon» White 


I 


Do 


do 


Montioello ' do 


Monrovia I  Morgan 

Montezuma Parke.. 


Do 


Monticello' 


.do 


White. 


Montpelieri«) i  Blackford... 

Do do 

Mooresville |  Morgan 

Morgantown do 


Morristown  » ' '  Shelby 

Mount  Sumipit » ' Henry 


:b925 

+1,200 

±oao 


+880 


+1,050 

±1,500 
1,675 

1,700 


+1,150 


975 

808 

il,500 

1,665 


921 
1,082 


Flow. 


aoo 


+22 


6 


-30 

Nearly 
to  sur- 
face. 
Nearly 
to  sur- 
face. 
-550 


I 


Gas  wells. 

Some  oil  at  ia5  feet 
and  some  gas  at 
1,180  feet. 

Several  gas  wells. 

For  gas;  unsuccess- 
ful. 

Gas  wells. 

For  gas;  saline  water 
at  1,200  feet. 

Salt  water  at  880 
feet. 

Gas  boring;  salt  wa- 
ter at  880  feet. 

Salt  water  at  1,060 
feet. 


Many. 
4<o 


+  115  I  Water  at  4S0  and 
1.100-1.200  feet. 

Salt  water  at  300  and 
450  feet:  sulphur 
water  at  1,200  feet, 
which  rose  to  +100 
feet. 

For  gas;  unsuccess- 
ful; salt  water  at 
1,150  feet. 

Gas  well;  hard  water. 


Rises 
to  sur- 
face. 


-650 


Flows. 


Nearly 
I  to  sur- 
face. 

-421 

—720 


Gas  borings;  fresh 
water  at  lO  and  490 
feet:  saline  water 
at  1,100  feet. 

Gas  well;  much  salt 
water. 

Gas  wells:  saltwater 
at  1,020  feet. 


'  Record,  Ind.  Agricultural  and  Geographical  Repts..  1860, pp.  29-31. 
~     "        """      "  ~  l,p.I«; 


2  Record,  Ind.  Geol.  and  Nat.  Hist.,  19th  Ann.  Rept.,  18JU,  p. ai;  U.  S.  Geol.  Surv.,  11th  Ann.  Rept., 
1889-90,  parti,  p.  7:tJ. 

«  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part  1, p.  ?i3. 

*  Ibid.. pp. 685-687. 

6  Record  and  analysis,  U.  S.  Geol.  Surv. ,  18th  Ann.  Rept. ,  189ft-97,  part  4,  pp.  490, 488. 

•  Record,  Ind.  Gool.  and  Nat.  HLst.  Surv. ,  17th  Ann.  Rept. ,  1891,  p.  315. 

'  Record. ibid. and  U.  S.  Geol.  Surv. ,  18th  Ann.  Rept..  lHlXi-97, part  4, p. 491. 

*  Record,  Ind.  Geol.  and  Nat.  Hist.  Surv..  17th  Ann.  Rept..  1891, pp. 311-312. 

•  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  Part  1,  p.  <3L 
"'Ibid.,p.  680. 

"  Ibid.,  p.  708. 
»«Ibid.,>708. 
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INDIANA— Continued. 


I^ocation. 


County 


Heiffht 


Depth.      ^™«  ,     Dor 

'ininate.    wat«r. 


T 


Remarks. 


Myers Hamilton 


Feet. 


Muncie  > 


Do« 

Nashville  ... 
New  Albany 

New  Britton 

Newburg 

Nowcaatle'  . 


Delaware 


do. 

Brown 
Floyd  . 


870-J65 

1.606 
300-630 


Inche*.  Gallons.      Feet. 


Hamilton 
Warwick 
Henry  ... 


-506 
Flows. 


New  Corner :  Delaware 

New  Palestine '  Hancock  . 


-t-400 


Noblesville * ...I  Hamilton 

North  Madison  Jefferson 

North  Manchester  ^  .    Wabash . . 

North  Vernon* I  Jennings. 

Oakville Delaware 

Ogden Henry... 

Osgood Ripley  . . . 


1,000 


1.500 
+  1,180 

jl1,460 


—400 


6  I  Many. 


Benton . . 
Hancock 
Paoli I  Orange  . 


Oxford  (5  miles  SW ) 
Palestine ' 


050 
537 

i.'doo' 


Parker  ( 1  mile  north )   Randolph 


Pendleton " 


Madison 


Perkinsville '  Madison 


Peru" 


Miami i  WiO-1,050 


-aoo 

-190 


do 


Peru    (2i    miles    .. 

north ).»« 

Petersburg i  Pike 

Do  do... 

Petersburg  ( one-half  do  . . . 

mile  east*. 
Petersburg  (2,  miles    do   .. 

northeast).                | 
Potersbu  rg  <  one-half  do  . . , 

mile  north). 


Petersburg   d    mile    do 

north). 


Pierce ville Ripley 


1,042 

1.161 
1,300 
1.310 

1,200 

1,200 


1,700 


W5 


10^ 


10-4 


30 


Plainfield  .. 
Plymouth »» 


Hendricks ...  1, 385 

Marshall '     +  1,368 


Point  Gabel I  Grant 

Portland  i"-* Jay I  900-1,500 


Princeton 

Do 

Red  Key 

Reelsville  (near). 


Gibson . . 
....do.... 

Jay 

Putnam. 


800-790  I 
1,274  I 

4-900  i, 
2,600    . 


Many. 


To  sur- 
face. 
-50 


Flows. 

— W 

Flows. 

Flows. 


468 


—300 


Flows. 


Gas   well;    szn&l) 

product. 
Numeroos    w^eUs   in 

vicinity. 
Brine  at  1,990  feet. 
Two  wells. 
For  gas;    unancc*-^- 

ful. 
Gas  Wi^lsL 

Several  f^hs  w  e  1 N 
with  flow.<k  of  salt 
wat-er. 

Gas  well. 

Salt  water  at  l.iin 
feet:  some  f^as  &i 
6^5  and  90U  feet. 

Gas  wella. 

Gas    boring:    nnsnc- 
cessful:  salt  water. 
Do. 
GaswelL 

Do. 
Gas    boring:     small 
supply. 

Qb»  welL 

Sulphur  water  at  -  -« 
feet:  salt  water  at 
90U  feet:  lithia  wai- 
ter at  1,000  fe«t. 
Do. 

Gas  welL 

Boring    for    oil    and 

gas. 
Salt   water    at    1.(42 

feet. 
Blue  lick  water. 
Gas  well. 
Salt  water  at  60ii  and 

1.310  feet. 
Salt  water  at6ni»  ferrt. 

Fresh    water   at  hi^ 

feet:  salt  water  a; 

eoit  feet:  oil  at  \^%i 

feet. 
Fresh    water    at  ?«■» 

feet:    some    oil    at 

1.201)  feel- 
For   ga-s;  nn.sQcn>?.s- 

ful. 
Gas  well. 
For   gas;  nusn<n^E-s5- 

ful. 
Gas  well. 
Gas  wells:  saltwater 

at  1.5i«  feet- 
Several  wells. 

Gas  well. 

Sulphur  water :  no 
oil;  teini>.,09c». 


^  Record.  U .  S.  Geol.  Surv.,  11th  Ann. Rept. .  1889-90, Part  1, pp. 713-719. 

Mbid.,p.7;Jl. 

3  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  18H9-90,  Part  1,  pp.  706-707. 

*  Ibid  ,  p.  0I»7. 

"  Ibid  .  p.  ::». 

•Ibid,  p.  72:}. 

'  Re«()rd,U.  S.  Geol.  Surv.,  Uth  Ann.  Rept.,  1889-90,  p.  TUB. 

"  Ibid.,  p.  710. 

»  Record, Ind.  Geol.  and  Nat.  Hist.  Surv.,  10th  Ann.  Rept.,  1888,  p.  184; 
Ann.  Rept.,  1889-W).  Parti,  pp.  7^5-73H. 
'"  Record,  Ind.  Geol.  and  Nat.  Hist.  Surv.,  16th  Ann.  Rept.,  1888,  pp.  186, 
' '  Record,  U.  8.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  Part  1, p.  786. 
"Ibid.,  p.  081. 


U.  8.  GeoL  SiurT.«  Uth 
265. 
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rNDIANA— CJontinued. 


Location. 


ReelHville  (near) » . . 


Rensselaer 
Do 


Ridge  ville.. 
Richmond . . 
Rochester  • 


Connty. 


Putnam. 


Jasper 
do. 


Do 

Rochester  (li  miles 

south). 
Rochester 


Rockport. 


Randolph.. 

Wayne 

Fulton 


-do 
do 

.do 


Spencer. 


Rockville Parke. 


Ro^^ers  Pike 

Royal  Center* Cass 

Royertou Delaware 

Rushville  and  vicin-  {  Rush 

ity.* 


Depth. 


Feet. 
1,240 

800 
1,275 

981-1,106 

946 

1,185 

500 
1,157 

1,500 

+400 

2,169 

1.785 
4-925 


Diame- 
ter. 


Inches. 


10-4J 


Yield 

per 

minute. 


Gallons. 


Height 

of 
water. 


Remarks. 


Feet. 

+20 


Many. 


St.  Omer 
St.  Paul 


Decatur. 
Shelbi 


Salom'^ Washington 


DV. 

hini 


+820 
1.800 


Do I do 

Sandusky Decatur 

Selma* 


+  5 
-15 


Seymour ' 
Do.-.. 


75U 
880 
Delaware 1, 025  i 

J'«=''«'° {  \%  ) 

do 5(J0  |. 

Sharpsville'' I  Tipton . 

Shelbyville » |  Shelby I !. 


6 


-15 
Flows. 


Salt  and  sulphur 
water. 

Sulphur  water. 

Gas  boring;  not  in 
use. 

Gas  borings;  unsuc- 
cessful. 

Gas  boring;  unsuc- 
cessful. 

For  gas;  unsuccess- 
ful. 

Sulphur  water. 

Salt  water  at  1,157 
feet. 

Water  flowed  at  240 
feet:  well  aban- 
doned. 

Four  gas  borings;  no 
product. 

For  gas;  unsuccess- 
ful. 

Oil  wells. 
Gas  well. 
Gas  wells. 

Gas  well. 

Do. 
For  gas;  unsuccess- 
ful. 
Gas  well. 

Do. 
Several  gas  wells. 
Sulphur  water. 


Shideler Delaware  . 

Sheridan Hamilton. 

Shoals I  Martin 

Somerset  1® '  Wabash.., 

South  Bend  ^1 St.  Joseph. 

Spencer Owen 


1,076 
900 
853 

1,670 

1.150 


Flows 


2CI0 


Spiceland  ^^ I  Henry. 

Spriugport*' i do  . 


St.  Marys I  Vigo 

Do do... 

Sullivan Sullivan 

Sullivan,  2  miles  SE do... 

Sullivan  »* do.. . 

Sulphur  Springs ,  Henry  .. 

Summit  ville '  Madison 

Do do... 


2,055  , 
8:«)  I 

l.OUO  I, 

544 


8 
8 


Do.  »» I do.... 

Swainville ,  Hamilton 


Swayzee Grant... 

Sw««tzer do  ... 

Sycamore I  Howard 

Tampico do.., 


1,000 
971 


For  gas;    unsuccess- 
ful. 

Gas  well. 
Do. 

Some  salt  water. 

Water  at  485  feet. 

For  gas;  unsuccess- 
ful. 

Several  wells;  saline 
water. 

Gas  wells. 

For  gas;  unsuccess- 
ful. 
-75  I 

—  40     I 

—15     Gas     borinp;     much 
strong  brine. 


+65 


Flows. 


8-6 


At  sur- 

ittce. 

Flows. 


Forga.s;  unsuccesHful. 


I 


Ga.s  well ;  water  at  140 
I  I      feet. 

370   Gas  well;  small  prod- 

I  uct. 

I  (ias  wells. 

Gaswell. 

...J '         Do. 

+9.50  I ' ' '  Gas  wells. 


» Record  Ind.  Agr.  and  Geol.  Rept.,  1869,  pp. 

29-31. 
a  Record  U.  S.  Geol.  Surv.,  11th  Ann.  Rept., 

18SM-90.  Part  1,  p.  ?33. 
3  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part 

l,p.732. 
*  Ibid., p.  704. 
«Ibid.,pp.?25-728. 
•Ibid.,  pp.  715-716. 
'Ibid.,  pp.  720-727. 
« Ibid.,  p.  900. 


» Ibid.,  pp.  7(6-703. 
»o  Record.  Ind.  Geol.  and  Nat.  Hist.  Surv.,  17th 

Ann.  Kept..  1891,  pp.  a'>2-253. 
> :  Rectird,  Michigan  Geol.  Surv.,  1881-1893j_p.  84, 

pi.  W:  U.  S.  Geol.  Surv.,  11th  Ann.  Kept' 

188^-90,  part  1,  pp.  7U-3&. 
laibid.,  p.  707. 
»»Ibid.,  p.7(Mi. 

•"  Record,  Ind.  Geol.  Surv.,  1870,  np.  193-194. 
"Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept. 

1889-90,  parti,  p.  709. 
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rrSTDIANA— Continued. 


Location. 


Cotrnty. 


TerroHaute> Vigo 


Depth* 


Do.« 


Do 

Thorn  town 


.do 


do, 

Boone. 


Tipton*  

Tooasso  Landing 

Trafalgar 

Treaty 

Do.* 

Union  Grove 

Union  City » 


Upland 

Valley  MlUa 
Valparaiso  * 
Do.7  .... . 


Van  Buren". 
Vernon  


Tipton... 
Floyd.... 
Johnson  . 
Wabash  . 

do.... 

Delaware 
Randolph 


Grant . 
Henry 
Porter 
do. 


Wahaah* 


Waldron 

Walnut  Level. 

Walton 


Grant 

Jennings. 

Wabash.. 


Shelby . 
Wayne. 

Cass 


Warren  .. 
Warsaw  ^ " 


Do.  »>.... 
Wa.shington . 


Huntington.. 
Kosciusko  . . . 


..  .  do. 
Wayne . 


Waterloo , 
Westfleld. 


Do 

Williamsport 

Winamac 


Winchester  ". 

Windfall 

Worthington. 
Xenia  »« 


Do 

Yorktown  . . 
Zionsville  »* 


Dekalb 

Hamilton . . 

do 

Warren 


Feet. 
2,800 

1.793 


±1,625 
1,600 
1,090 


Diame- 
ter. 


Yield 

per 

minute. 


Height 

of 
water. 


Inches.   GcUlons. 

8 


6 


Feet. 
Flows. 


1,500 
95f) 
900 

1,008-1,780 

1,040 


8-5 
8-6 


1,344 
1,396 

973 
923 

2,270 

+820 
+867 

1,(K8 

909 
700 

1.437 
+976 


Pulaski 


1,080 

d- 1,068 
1,300 

1.300 


6 


15 


Flows. 


Remarks. 


+8 


-41» 


-387 


Randolph ....  1,000-1,071 

Tipton 1,003 

Greene 1,44.5 

Miami 037 


45 


Flows. 
...do.. 


Flows.? 


036 
94U 

i,a« 


800 


-498 


Flow& 


Sulphur  water  with 

little  gas. 
Brine  at  1,300  feet: 

snlphnr   water   at 

1,7B3  feet;  some  oil 

at  1,629  feet. 
Several  borings  for 

oil;  nnsucoeasful. 
For  gas;   ansnccess- 

fuL 
Small  amoant  of  gas. 
Gas  wells. 
Dry  well. 


Gas  well. 

Several   borings  for 

gas;  nnsnccessfol. 
Gas  well. 
Do. 
Do. 
For  gas; 

ful. 
Gas  well. 
For 

ful. 
For  gas; 

ful. 
Gas  welL 
For  gas; 

ful. 
Salt  water  and  some 

oil. 
Some  oil;  abandoned. 
For  gas;    unsacceea- 

fnl. 
Salt  water. 
For  gas;   nnsuooess- 

ful. 
Gas  well. 
Gas  wells;  mnch  salt 

Wiiter. 
Gas  wells. 
Gas  well;    salt   and 

fresh  water  alaa 
For  gas;   nnsocoeaa- 

fnl:  flow  of  water 

alsa 
Several  gas  wells. 
Qt^a  well. 
Sulphur  water. 
Gas   wells;    flow   of 

water  also. 
Do, 
Gas  well. 
For  gas;   nnsnccesa- 

ful;  salt  water  at 

1,013  feet. 
For  gas;   nnsnooess- 

ful. 


ansucceas- 


gas;  nnsncoess- 


UBsnoossa- 


nnauccess- 


»  Record,  Ind.  Geol.  Surv.  Report  for  1870  (Indianapolis,  1871),  pp.  126-134. 
«  Record,  Ind.  Geol.  Surv.  Report  for  1870  (Indianapolis,  1871 ),  p.  126;  Ind.  Agr.  and  Geol  Surr. 
Rept..  IHtJJK  pp.  28-39,  31;  Am.  Jour.  Science,  2d  series,  vol.  48,  p.  271. 

*  Kecord,  U.S.  Geol.  Surv.,  11  th  Ann.  Rept.,  188»-18M0,  part  1,  pp.  096-687;  Ind.  GeoLand  Nat. 
Hi«torv  Surv.,  IsaVlHHfe,  15th  report,  p.  230. 

^Record.  U  S.  Geol.  Surv.,  Uth  Ann.  Rept.,  1889-1890,  parti,  p.  714. 

ftJbid.,  p.  r)84. 

•Ibid.,p. '^33. 

'  Record,  Ind  Geol.  and  Nat.  History  Surv.,  16th  Ann.  Rept.,  1888,  p.  254. 

•"  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-1890,  part  1,  p.  689. 

*  Indiana  Geol.  and  Nat.  Hist.  Surv.,  Report  for  1875,  pp.  43-^8. 

»»  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part  1,  p.  739. 

»Ubid.,  p.  736. 

"  Ibid.,  pp.  683-685. 

»'  Ind.  Geol.  and  Nat.  Hist..  16th  Rept.,  1888,  p.  187. 

»*  Record,  U.  S.  Geol.  Surv.,  11th  Ann.  Rept.,  1889-90,  part  1,  p.  730. 
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PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN 

INDIANA. 

The  Natural  Gas  Field  of  Indiana,  by  A.  J.  Phinney,  United  States  G^eological 
Survey,  Eleventh  Annual  Report,  1880-1890,  part  1,  pp.  579-740.  Plates.  Wash- 
ington, 1891. 

Water  Resources  of  Indiana  and  Ohio,  by  Frank  Leverett,  United  States  Geo- 
logical Survey,  Eighteenth  Annual  Report,  1896-1897,  part  4,  pp.  423-559.  Plates, 
Washington,  1897. 

INDIAN  TERRITORY. 


Location. 


Bartlesville  (Smiles 

distant). 
Chelsea  (5  miles  W.) . 
SalinaCU  miles  SE.) 
Do 


Nation. 


Cherokee  .. 


.do  .. 
do 
do 


Chickasha Chickasaw. 


Atoka  (15  miles  W.)». 


Choctaw 


Depth. 


Feet. 

1.800 

300-600 
470 
520 

876 


1,414 


Diam-     Yield 
^^^'     minute. 

Height 
water. 

Inches.  Gcdloits. 
Few. 

Feet. 
Flows. 

8 


Flows. 
...do.. 


10 


Remarks. 


Small  quantity  crude 
petroleum. 

Several  oil  wells. 

Salt  water. 
Do. 

Salt  water  at 288  feet; 
Jio  water  below; 
well  in  progress. 

Small  inaicatiouB  of 
oil  at  807  feet;  oil  at 
917  feet;  much  bait 
water:  salt  water 
and  oil  at  1,235  fee» 
and  1,347  feet;  oil 
and  gas  at  1,301  feet. 


IOWA. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

Odtlons. 

Height 
water. 

Remarks. 

Ackley '      

Hardin 

Kossuth 

Iowa 

Feet. 

920 
1,060 
1,640 
2,007 

486 
1,310 

620 
3,016 

425 

535 
2,430 
1,140 
1,223 
1,450 
2,4^5 
1,540 

Inches. 

Feet. 

AlflTona' 



-69 

+80 
-56 

Amana* 

'""io^ 

100 
300 

Many. 

do.- 

Temp.  60**. 

AnApmnim*    

Jones  

Cass 

Anita 

Coal  prosi^ect. 

Atlantic* 

do 

-160 

Arcadia 

Carroll 

Boone 

Taylor 

Hancock 

do 

Failure. 

Boone 

Many. 

'  -266 

Bedford               ..  .  . 

Coal  prospect. 

Britt^ 

7 
4i 
6-5 
4 

a 

5 
15-4 
14-7 

-16 
-510 

-38 
-320 
-100 

+14 
-280 
-280 

Do 

Burlington 

Calmar 

Des  Moines . . 

Winneshiek  . 

do 

70" 

70 

Do.8 

Cedar  Rapids 

Center  vilie" 

Linn 

150 
300 
a50 

3  wells. 

Appanoose... 
do 

Do.'o 

Cherf»kee      

Cherokee  

Clariuda       

Page 

Clinton 

do 

i,602 
1,005-1,497 
1.065 
1,674 
1,114 

860 
1,091 

1,158 



Flowed. 
4-68 
+35 
+46 

Coal  prospect. 
5  wells. 

Clinton  " 

10-/) 
5i 
8-5' 

i,rj8 

Do.'« 

Do.»' 

do 

1,500 

Council  Bluffs 's    .  . 

Pot  tawatta- 
xvie. 

do 

do 

Howard 

Do.^* 

Council  Bluff8(  school 

for  deaf).'* 
Cresco 

4 

56 

+.50 

»  Record,  Pa.  3d  Geol.  Surv.  Reports,  vol.  P,  p. 

341. 
« Record,  Iowa  Geol.  Surv.,  vol.  3,  pp.  189-192; 

voL  6,  pp.  219-22a 
*Ibid.,  vol.  6,  p.  196. 
«Ibid.,  pp.  286-287. 
•Ibid., pp.  262-265. 
•  Ibid.,  pp.  336-339. 
^  Analysis,  Iowa  G«ol.  Surv.,  vol.  6,  p.  195. 


^  Record  and  analysis,  ibid.,  pp. 
"  Record  and  analysis,  ibid.,  pp. 


191-192. 
326-328. 


10  Record  and  analysis,  ibid.,  pp.  326-328. 

"  U.  a  Geol.  Surv.,  17th  Ann.  Kept.,  1895-96,  part 

2,  p.  811:  analysis,  ibid.,  p.  827. 
'»Ibid.,  p.  811;  analysis,  ibid,  p.  827. 
'3  Analysis,  Iowa  Geol.  Surv.  Reports,  vol.  6,  p. 

340 
*<Ibid",  p.  840. 
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IOWA— Continued. 


Location. 


County. 


Crestou Union 


DesMoines^ ...i  Polk  

Davenport  (bottling  :  Scott  

works).* 
Davonport  (Malt    do 

and  Grain  Co). 3 
Davenport   (Gas  | do 

Company)." 
Divenport  (Glucow?    do 

Co.  i.< 

r^o.* do 

Davenport   (city    

park),'                        I 
Davenport  (Kimball    

Hou.se).'                     h 
Davonport  (pa<*king 

company  >.*               | 
Davenport  (Schmidt    

building).'                 | 
Davenport    (woolen      

mills).  •                       I 
Davenport  (ice  com-    

pany).*  ! 

Dubuque"*.. |  Dubuque 

Do." ; do 


Depth. 


Diame- 
ter. 


Yield 

ger 
mt**. 


Height 
water. 


Remarks. 


Feet.   '    Inches, 
500-4SOO 


3,(»00 
780 

1,200 
:i,l(K)-2,107 


1,500 
1,797 

1,080 

1.180 

1,300 

1,053 

1.0C7 

we 

955 


Gallons.     Feet. 


5-4 


Do ; do I  1.2H2 

Do." I do ,         l.ttW 

Do.. do ll,;j(K)-l,4(>0 

Do.'" I do 1.7(y> 

Do." ' do I         1,000 


5 


5 
5 

»-5 
4 
3i 

6-4 

4  I 

I 
6 

;}  i 

13  I 

5  , 


400 
900 

9IJ0 

4a) 

250 

-1-125 

120 
350 
TS 
300 
240 


I 


—45 
-f-59 

-fl3 

-f-47 

■f  *  < 

-1-51 
23 

-1-30 
-J-45 

+34 
+35 
+  10 


Two  borings  for  coal ; 
unsuccesBful. 
Found  water. 


Water  from  ireil-liCrt 

feet. 
Two   welh*.      Water 

from  near  bottom. 
Four  wells. 


Water  at  1.175  feet. 
Water  at  1«075  feet. 


340 

•150 

40 

2.000 

40 

580 


+81 


+1 
Flow. 


EmmetHburg" Palo  Alto  .. 

■     Do L...  do 

Farmington  Van  Buren 

Fontanelle i  Adair 

Fort  Madison  la '  Lee 

Do.»3 1 do 

Do.>> do 

Cenwood**  I  Mills 

Do.'< do 

Granville  .  i  Sioux 

Greenfield Adair 

Do do 

GrinnelP* Poweshiek. 

Grundy  Center Grundy 

Holstem'* Ida 

Homestead*' Iowa 

Hulli^ Sitmx 

Jefferson Greene 

Keokuk  *• Lee 


Do.2" I do. 


874 

810 

705 

800 

089 

730 

764 

2,000 

1,910 

450 

OOO 

512 

2,0(6 

485 

2,004 

2,224 

1.2:^0 

2,(61 

710 


800 


6 


0 
4 

10-4} 


42 


+41  I 

-34 
-26 


None. 

6(X) 


8:j 

80 

Many. 


+20 

+85 

+20 

-173 

-5 

150  I 


1    

None. 

None. 

106 

'    • 

1       lOU 

1          8-4 

1        KM 

1        10  6 

8-5  , 

6  1 

250 

Water  from  700  and 

1,050  feet. 
Water  from  775  and 

1,064  feet. 
Water  at  surface. 
Several  wells  of 

about  this  depth. 


Two  wells. 

Several  welLn  W5- 
1.000  feet. 


Abandoned. 
Temp.  55*. 

Coal  prospect. 


-230 
-150 
-275 
-117 
-100 
-4.> 

+a5 


(S 


+47 
+30 


Temp.  M". 

Two  other  wells  700 

feet  deep. 
Temp.  50«. 


Do.'" 1...  do I         2,000  I      1~-1"  !f^T5oo  }       "^^    Temp.  65«;  3  wells. 

1  Record,  Iowa  Geol.  Surv.  Rei>orts.  vol.  fi,  pp.  2lH-2t»9. 

'  U.  S.  Geol.  Surv.,  17th  Ann.  Kept.,  185»5-lHttl,  part  2,  p.  812. 

3 Ibid.,  13.  M 2. 

-*  Heronl,  U.  S.  Geol.  Surv.,  17th  Ann.  Kept.,  189.WW,  part  2,  p.  842. 

6  Ibid.,  p.  811. 

"  Anu'rican  (Jeolojfist.  vol.  3,  1881»,  p.  117;  Iowa  Geol.  Surv.  Reports,  vol.  6,  pp.  373-380;  Record 
:.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  1895-96,  part  2,  pp.  842-H45.  « 

^  Rt»cord.  I^.  S.  (ieol.  Surv.,  l.th  Ann.  Rept.,  189o-96,  part  2,  p.  844. 

"  Record  and  analysis,  Iowa  Geol.  Surv.  Reports,  vol.  0,  pp.  208-214. 

•Ibid..  j)i».  2(W  214. 
»"Ibiil.,  pp.  208  211. 
»i  Record,  ibid.,  p.  mi. 

12  Record  and  analysis,  Iowa  Geol,  Surv.  Reports,  vol.6,  pp. 321-323. 
"n)id.,pp.  321  322. 
i<Ibid.,  pp.  340-347. 

'^  Record  and  analysis,  ibid.,  pp.287-21<2. 
'Miecord,  ibid  .p.  222. 
^'  Record  and  analvsi.s,  ibid.,  pp.  283  285. 
»*  Record,  ibid.  p.  IW. 
» "  Rc<'ord  and  analysis,  ibid,  pp.  32:i-326. 
20  Ibid,  pp.  323-326. 
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IOWA— CJontinaed. 


Location. 


County. 


Keokuk* i  Lee 


Do do 

Uo do 

Lakepark i  Dickinson i 


Lansing^ Allamakee ...  j 

Le  Mars« Plymouth  ... 

McGregor* '  Clayton | 

Do*  .  do ' 

Manchester  * i  Delaware 

Mason  City CerroQordo. 

Do do 

Do.ft , do 

Monota Clayton 

Do do 

Monticello  * ,  Jones 

Mount  Clara' ,  Lee 


Depth. 


Feet. 
2,230 


l,ft87 

700 
tt7»} 
740 

1,0(H} 

1,870 
000 

J,2«W 

1,478 
417 
4.t2 

1,11*8 
9%) 


Diame- 
ter. 


Incfws. 
10 


Yield 

Jjer 
nnte. 


Gallons. 
300  ; 


Helsrht 
water. 


Remarks. 


Feet. 
+») 


6-t 


Mount  Pleasant " 

Nevada. 

Newton* 

Osceola 

Oskaloosa*" 

Ottumwa'i 

Dc.'o 

Pella'2 

Pc^uhontas  (3  miles 

south). 
Pocahontas  (near) . . . 

Postville" 

Kodoak 

Salmla»* 

Sanborn 

SaylorviUe 

Shenandoah 

Sibley 

yigoumoy**  

Sioux  City  »• 


South  English 

SiHMicer   

Sjxincer 

ypeucer  (10  miles 
south). 

Tipton" 

Vinton  •* 

Do.»» 

Wall  Lake  

Washin gton  -^ 

Do.ai      .  

WaukonW 

Waverly 

Webster  City" 

West  Liberty** 

Whatcheer 

Wilton  Junction 2*.  . 
Bellville  Township  .. 


Henry 

Story 

Jasper 

Clarke 

Mahaska 

WapeUo 

do 

Marion 

Pocahontas . . 

do 

Allamakee.   . 
Montgomery 

Jackson 

O'Brien. 

Polk 

Page 

Osceola 

Keokuk 

Woodbury... 


Keokuk 
Clay.... 

do .. 

do.. 


Cedar  

Benton 

do 

Sac 

Washington  . 

do   

Allamakee... 

Bremer 

Hamilton ' 

Muscjitine  . . . 

Keokuk  

Muscatine    .. 
Pocahontas  . . 


I  1,125 
;  94<j 

I  1,400 

I  1,9.53 

12,800-3,000 
I  2,047 
'  l..>&4 

I       i,80;j 

t>K 

1,300 

515 

560 

973 

1,224 

1,800 

700 

7tt3 

I  1.880 

'  2.011 


420 
800 
400 

m) 

2, 700 
1.287 
1,425 

427 
l.fiil 
1,217 

577 
1,720 
1,250 
],7«8 

l,m) 
1.300 


> -^ 

Many^ 

700 

Flow. 

-300 

+40 

1 

t>-3, 
6-^3 

20 

1          +62 

+20 

-14 

'  No  flow. 

No  flow. 

-75 

-212 

10-5 

1         6-4 

8 
1          8-6 

60 
80 

1             0 

70 

None. 

175 

'      ■■-40' 
-10 

-30 

-49 

-90 

No  flow. 

5 

165 
Many. 

' 

8 
10-4 
12/ 


o 


700 
256' 


+  108ii 
+49J 
-90  ! 


i<l 


Many.  I 


-300 


6 


720 
80 


+78 
459 


Another   well    1,805 
.   feet:  water  also  at 
600  and  900  feet. 


Temp.  50°. 
Two  wells. 


Temp.  54*'. 
Temp.  52*. 

Three  wells. 


Abandoned. 

Formerly  flowed  200 
gallons. 


Abandoned. 
Temp.70^ 
Temp.  64". 

Unsuccessful. 


Coal  pro;si>ect. 


4i 
6-4i 


4 

6 


4^31 

6 
6 


10^ 
12-6 
8 


lOJ 
■3' 


None. 
Many. 


-200 

-30 

Flows. 


Water  at  570  and  rose 
to  -12:  at  1,250  feet 
flowed. 

Abandoned. 


!  Abandoned. 


Many. 
50 


-65  , 

+28.'.    Temp.5G°. 


do. 


95 
62 


-:>4 

-58 
-280 


Man^r 


0  +16  I 

^a,    Flows.     Temp.  65' 


8-6 


300 


-78 


Abundant  supply. 


'  Record,  Iowa  Geol.  Sur.  Reports,  vol.  5.  p. 
,200 

«'ibld.,pp.232-2a>. 
'  Record  and  analysis,  ibid,  pp.  1H5-188. 

*  Ibid., pp.  214  219. 
» Ibid.,  pp.  193-195. 

•  Record  and  analysis,  ibid.,  p.  256. 
'Record,  ibid.,  p.  3:^2 

"  Record  and  analysis,  ibid., pp. 320-321. 

•Record,  ibid.,  p.  292. 
»o  Ibid., pp. 3f  18-310. 

"  Record  and  analysis,  ibid., pp.  317-320. 
•'■'  Record,  ibid.,  pp.'310-315. 
»' Ibid.,  p.  189. 
"  U.  8.  Geol.  Surv.,17th  Rept.,18ftV96,part  2, 

p.  817. 
**  Record,  Iowa  Geol.  Surv.  Reports,  vol.  5,  pp. 

ac6-ao6. 


'"  Record,  Iowa  GeoJ.  Surv.  Reports,  vol.  5,  p 
258 

»Mbid.,  vol.  6,  pp.  361-262. 

"'Ibid.,  vol.  3,  pp.  192-195. 

'*  Record  and  analvsis,  ibid., vol.  6,  pp.  266-2*57. 

""Record  and  analysis,  Iowa  Geol.  Surv.  Re- 
ports, vol.  6,  pp.  304-;J05;  Am.  Geologist,  vol. 
1,  pp.  28-4U. 

3'  Record  and  analysis.  Iowa  Geol.  Surv.,  Re- 
ports, vol.  6,  pp.  3O4-;305. 

8"  Record,  Iowa  Geol.  Surv.  Reports,  vol.  6,  p. 
2<I2  18t>6. 

23  Record  and  analysis,  ibid.,  pp.  220-222. 

'*  Records  and  analysis,  Iowa  Geol.  Surv.  Re- 
ports, vol.  6,  pp.  281-282. 

"Ibid.,  pp.  280-281. 
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PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  IOWA. 

Iowa  G^eological  Survey,  volume  8.  Second  Annual  Report,  1893,  with  accompa- 
nying papers,  502  pages,  plates,  Des  Moines,  1805. 

Artesian  Wells  of  Iowa,  by  W.  H.  Norton,  Iowa  Geological  Survey,  volume  6 
pages  113-428. 

The  Water  Resources  of  Illinois,  by  Frank  Leverett,  United  States  Geological 
Survey,  Seventeenth  Annual  Report,  1895-96,  part  2,  page  811. 

KANSAS. 


Location. 


County. 


Depth. 


Diame- 
ter. 


Yield 

f)Pr 
nute. 


Height 
water. 


Alma 

Do 

Anthony » 
Ashervflle. 


Wabaansee 

do 

Harper  .. .. 
Cloud 


1 


Atchison '  Atchison. 

Banner  ..., 1  Trego 

Benedict  (southeast     Wilson 
of). 


Benedict  (near) 
Bronson 


.do 


BuflPalo 

Buffalo  (2  miles  west) 
Caldwell 

Cawker  City  (S  miles 

northeast). 
Cawker  City  (10  miles 

north). 
Chanute'".. 

Do - 

Cherokee 


Bourbon 


Wilson . 

do.. 

Sumner 


Cedarvilfe . . 

Cherry  vale. 

Do.*.... 


Do 


Mitchell 

do 

Neosho 

do 

Crawford 

Smith 

Montji^omery. 
do 


.do 


Feet. 

2,000 

1,912 

2,335 

638 


+1,197 

488 

2.414 


827 

860 

1,170 

400-800 

800 

468 

416 

982 

806 

918 


Inches,  \0allon8. 

4:2i::::::::: 

I 

3 


Feet. 
Flows. 


Remarks. 


Salt  water  and  gas. 


CoflPeyville i do 

Columbus 1  Cherokee. 


Coolidge .. 

Devon  (near; 


Dodge  City  (U  miles 
oast). 

Doniphan  < 

Eldorado 


Elgin 

Elkader 

Elkader  (7milesS.).. 


Hamilton. 
Bourbon . 

Ford 


609-617 
1,220 

1,307-1,500 

550 

1,304 

600 

800 

800 


Doniphan.. 
Butler 


Chautauqua . 

Logan 

do 


6 
13-6J 


8i-5 


8-6 


6 


6i-5 
7 


11 


8-6 


Few. 


763 


Ellsworth i  Ellsworth . 


Do I do 

Emporia* Lyon. 


±1,400 

m 

1.300 

730 
2,005 


6 


Eminence Finnoy. 

Erie '  Neosho 


Erie  (2  miles  north). 


.do 


7.'i0 
833 


H 


-26  !  Salt  water  from  50  to 
638  feet;  mainly 
blue  clay. 


-LW 


500 


90 


400 
Many. 


-217 
No  flow. 


-100 


+8 


-65 
Flows. 


-114 


Flows. 


All  in  shale. 

Fresh  water  at    408 

feet;   strong  salt 

water  at  from  1,098 

to  2,414  feet. 
Oil  well;   fresh   and 

salt    water    also 

found. 
Salt  water  at  660  to 

700  feet. 
Only  salt  water. 
Oil  and  water  wells. 
Salt   water    only  at 

457  feet. 
Salt  water. 

Do. 

Several  gas   and  oil 

wells. 
Large  flow   of   gas; 

some  water. 
First  water    at    650 

feet. 

Gas  wells. 

Salt  water,  and    gas 

found. 
Oil  wells:    water  at 

several  horizons. 
Gas  well. 


Salt  water  at  from 

660-700  feet. 
Un8U0ceB.sful. 


Deep  boring,  salt 

water. 
Abandoned. 

Unsuccessful.  All  In 
blue  shale. 

Salt  790  ^880  feet:  salt 
water  at  1,900  feet. 

Salt  water. 

Gas  prospect;  aban- 
doned. 

Mineral  water. 
Large  flow  of  oil  and 
gas,  and  salt  water. 


1  Record,  Kansas  Univ.  Qeol.  Surv.  Kept.,  vol.  1 ,  PI. 2L 
« Ibid.,  vol.  1,  p.  77, pi.  18;  vol.  3.  pi. 25. 
•Ibid., vol.1, pi.  11:  vol. 3, pi. 22. 

*  Record,  Kansas  Univ.  Geol.  Surv.  Report,  vol.  1,  pi.  18. 

*  Ibid.,  vol.  a,  pi.  28. 
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KANSAS— Continued. 


Location. 


County. 


Depth. 


Diame- 


Yield 
^^-     \  minute. 


Erie 


Eureka  ^ 
Do.. 


Fall  River. 


Do.a 

FarlinKton 

Farlinfirton  (2  miles 

southeast). 
Fleming 


Fort  Scott. 
Do 


Neosho. 


Fret.      I  Inches.  \GaHon8. 
813 


Greenwood 
do 


do 


do... 

Crawford 
do...- 


do 


Bourbon 
do... 


Fort  Scott  (near) do 


Do 

Fowler 

Fredonia*. 

Do.... 


do. 

Meade 
Wilson. 
do. 


Finney. 
do.. 


Garden  City   (one- 
half  mile  NW.).* 
Do 

Garden  City  (8  miles  ' do 

south).  I 

Girard* i  Crawford 

Do I do 

Girard  (3*  miles  N. ) .  1 do 

Goode(7 miles  SE.)  .1 

Goodwater !  Gove 


Greatbend  (4  miles 
northeast). 


Barton 


Hill    City    (3    miles 
from). 

Horton 

Howard 

Do.« 


Graham. 


Brown 
Elk..... 
do. 


508 
+1,100 

066 


Height 

of 
water. 


Feet. 


Remarks. 


10^       1,000 


—  t  < 


1.480   '  Many. 

5.% . 

561  I I 


1,005^ 

020 
543 
750 

860-000 


6  I  Many. 


-lis 


h\ I    Plows. 

61  4  '    Flows. 

6i. 


1,284 
2,414 


+1,000 

902 
1,250 

600-660 

867-000 

4/)l 

430 

501 

1,365 


400 


8-6 


I 


None. 


10 


1,100 
1.000 
1,23ft  1,410 

Hoyt I  Jackson ^  ^'fj-^  j} 

Humboldt'  Allen 


6 


Salt  water  at  400  feet; 

oil  sand  at  550-^85i 

feet. 
Coal    prospect; 

abandoned. 
In  progress  1900; 

salt    water  500-700 

feet,  and  800-900 

feet. 
Water  at  416  feet:  salt 

water  at  072  feet. 

Small  flow  of  gas. 
Small  flow  of  oil. 

Water   also  at   800 
feet. 


Gas  well ;  strong  flow 

of  water. 
Oil  wells;  saltwater. 


Salt  water  at  364  and 
1,195  feet;  aban- 
doned. 


Many. 


Few. 
10 


-150 
"-TO 


+30 


1  No  flow. 


Few. 
None. 


6 


Do 


.do 


Hutchinson i  Reno 

Independence Montgomery 

lola Allen 

Do" do 

lola  (near) do 

Do I do 

Do 

Ionia .. 


do. 

Jewell 


Jamestown Cloud 

Jerome |  Gove 

Jetmore Hodgeman. 

Do do 


Johnson  . . 
Eanopolis 


Kanfla.sCnty». 
Kendall 


Stanton  

Ellsworth  . 

Wyandotte 
Hamilton  .. 


703-962 
937-970 


+800 
1,020 
870 
734-737 
006 
928 
976 
4:^ 


8^ 
5 


None. 
Many. 


400 

].(XIO 

700  or  800 

400 

881 

758 
500 


8 
8-4 


Flows. 


Many. 


-20-30 
-180 


Two  gas  wells. 
Gas. 

All  in  shale;  aban- 
doned. 

Saline  water  from 
Dakota  sandstone, 
at  344  feet. 

Shale  to  bottom. 

Water  at  46  feet. 
Abandoned. 


Three  water  wells. 

Gas  wells;  water  at 
146.  218,  646  feet: 
salt  water  at  970 
feet. 

Several  salt  welLs. 

Oil  and  gas. 

Large  flow  of  gas. 

Three  wells. 

Large  flow  of  gas. 

Salt  water  found. 

Salt     water;     aban- 
doned. 
Salt  water  found. 

For  coal. 

Not  in  use;  al>an- 
doned. 

Salt  water  at  646-875 
feet. 


*  Record,  Kansas  Univ.  Geol.  Surv.  Report,  vol 

3,  pi.  27. 
•Ibid., vol.1. pi.  12;  vol. 3. pi. 24. 
'Ibid., vol.1, pi.  13;  vol. 3, pi. 26. 

*  Ibid.,  vol.  2,  p.  27. 


ft  Ibid.,  vol.  3,  p.  148. 
•Ibid.,  vol.  3,  pi.  20. 
»Ibid.,vol.l,pl.l4;  vol.3, 
Mbid.,vol.l,pl.l5. 
•Ibid.,  vol.1,  pi.  18. 


No   water 
depth. 


pi.  23. 


at    that 
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KAX8AS— Continued. 


Location. 


County, 


Kincaid .-..    Anderson 

Kingman '  Kingman. 

Kirwin Phillips.. 

LacroHse Ka»ii 

Laharpe* Allen  

Larned l  Pawnee.. 

Do do 


Lawrence Douglas 

Do do 

Leavenworth  ' i  Leavenworth 

Do do 

LitjeraP Seward 

Little  River Rico 


Lone  Elm Anderson. 


Lovewell    (3i    miles  Jewell 
northwest). 

Lyndon* OfWigo . 

Lyons Rice... 


Lyons    (Bemis    Salt    do 

Co.). 

McKarland* Wabaunsee. 

Madison Greenwood. 

Manlcato  Jewell 

Maploton* Bour>x)n 


Depth. 


Feet. 

992 

+800 

5U 

U4 

mjo 

7m 

743 

600 

900 

1,170 

2.116 

485 

1,000 


1,140 


400 

1,007 
1,230 

1,635 

2,000 
l,806j 


Diame- 
ter. 


Yield 

per 

minute. 


Height 
water. 


Remarks. 


Marion '  Marion 


Marquette McPheraon 

Mar y Hville Marshall ... 

Meade Meade 


Moran Allen    . 

Mound  Valley  ^ Labette 

Neodesha"* Wilson. 


Do 
Do 
Do 


.do 
do 
do 


Neodesha  (near) do 


Neosho  Falls Woodson 

Ness  City  (14  miles     Ness 

north). 
Ness  City    (8   miles     do 

south ).  I 

Newton Harvey 

Do   

Niotaze" 


l,0(e-l,0S5 

762 

1,101 


±2,400 
1,310 
2,414 


1,078 


l,2i5 
656 

±400 


Inches. 

1 
Gallons. 

Feet. 

3 

20 

-240 

"i(K3" 

400 
250 

+^' , 

, 

Flows. 

7 
8 

53 

-130 



1 

, 

Salt  shafts. 
Water  pure. 


Temp.  65";  salt 

ter. 
Salt  water. 
Gas  and  .salt  water 
Gas  and  water. 


Water  at  130  feet. 
Much    water    to   400 

feet,  then   an  feet 

of  salt  and  shale. 
Salt    water     at     320 

feet,  no  gas  or  oil: 

almndoned. 
Salt  water  only. 

Salt  water  at  S3»  f t^et. 
Sa:t  prospect :  aban- 
doned- 
Salt  well. 


For  gas:  unsucce?*- 
tiil. 

Salt  water. 

Water  at  218  and  616 
feet;  oil  at  &47  feet, 
and  salt  water  at 
665  feet. 

For  coal:  unsuccess- 
ful. 

Salt  water. 

Red  beds  at  2rX)  feet: 
salt  below. 

12-4 !  Two  holes;  water  to 

surface. 


7fA-6i 
8^-5 


If 


+6 


8i 

6i   Manyl 


Temp.  70».  Salt 
water  and  gas. 

Oil  prospect.  Water 
at  230  and  821)  feet: 
salt  water  at  420, 
6S5,  and  775  feet« 
and  gas  at  655  feet. 


Sulphur  water  at 
1.423  feet;  salt 
water  btrlow. 

6^-5  ' ; Oil  and    gas    wells. 

'  ,  !      Water  at  811   and 

'  I      1,078  feet. 

Salt  water  at  361  feet. 
3  30  I        -356 


6 


Oakley 


I         1,04.5  I ' I Prospect  borings. 

do. 910-1,076  1 1 Do. 

Chautaucjua .          1,158    , I  . '  Aliandoned ;    flowed 

I               ;  oil  and  water. 

Logan ?2n j         — 30  Unsuccessful:  water 

I               '  at  intervals  to  2t.ii) 

I  feet,  then  shale  to 

I                              '  bottom. 

Ol)erlln |  Decratur SOO-1,000  , ,  -i. 

1  Record.  Kansas  Univ.  Geol.  Surv.  Rei>ort,  vol.  1,  pi.  14;  vol.  3,  pi.  33L 

2  Ibid.,  vol.  1,  pi.  20:  vol.  3,  pi.  26. 

s  Record,  5l8t  Congress,  1st  .sess..  Senate  Ex.  Doc.  No.  222,  p  158. 

*  Record,  Kansas  Univ.  Geol.  Snrv.  Report,  vol.  3,  pi.  27. 

6  Ibid.,  vol.  1,  pi.  19;  vol.  3,  pi.  30. 

•n.id.,vol  J,  pi.  16. 

'  Ibid.,  vol.  1,  pi.  10;  vol.  3,  pi.  21. 

^  Ibid.,  vol.  1,  pi.  11;  vol.  3.  pi.  22. 

«  Ibid.,  vol.  I,  pi.  12;  vol.  3,  pi.  24. 
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KANSAS— Continued. 


Location. 


County. 


Depth.        t         ;     per 

I  minnte. 


Heiffht 
water. 


Remarks. 


Olathe Johnson 


Osagre  Mission  1 |  Osage  ... 

O^iborne Osborne 

Oswego* Labette. 


Feet.        Indies.   Oallous.      Feet. 
000 


Do. 

Ottawa 

Do. 


do.... 

Franklin. 
do.... 


Paola  9 
Do. 


Miami. 
do. 


Parsons    and    vi-  '  Labette 

cinity.  I 


Pern Chaataaqua 

Peru  (near.) do 


Pittsburg '  Crawford. 

Pleasanton i  Linn 

Do do 


Pleasanton  (near)  * .  -  j do 


Osborne 
....do... 


Portis  (6  miles  north 
west). 

Portis  (8  miles  north- 
west). 

Pratt I  Pratt 


Pyramids  (near). 
Ransom 


1,002 


Xess 


Randolph Riley... 

Ravanna  (north  of ; . .  i  Finney. 

Do I do.. 

Richfield  <^ Morton 


Do 
Do 


.do 
.do 


Do I do 

Rago I  Kingman 

Russell I  Russell 

St. Marys I  Pottawato- 
mie. 

Do do 

St.  Paul Neosho 


Santa  Fe 


Haskell 


Do 

Scandia  

Smith  Center 


do.... 

Republic. 
Smith.... 


Smith  Center  (2mlles  I do 

southeast). 


l,0rir> 


1,075 
500-580 

500-1,050 


1,340-1,700 
1,190 

950 
729 

918 

757 


540 
543 

±800 
408 

65:} 

400 
+400 
+400 
fi7() 
7(X) 
(MXl 

(UO 
1,000 

997 
1,1*3 

520 

661-668 

1,200 

1,300 

1,003 

600 

540 


o  I. 
6i; 

6i-5  ' 


to 


8 


6-3  Several. 


Many. 


3 
6 

15 


-80 


No  flow. 

-200 

-15 

No  flow. 
-60 


-200 

-45 

Flows. 

Flows. 

Flows. 

+25 


10-5  I  Many. 


-300 
Flows. 

Flows. 
Flows. 

—200 


-100  I 

-16 

—390  , 


Many.  —140 


Water  at  85  feet;  salt 
water  at  580  feet; 
weak  flow  of  gas  at 
361^  feet. 


Small  amount  of  gas 
at  585  feet:  salt 
water  at  al)Out  610 
feet. 

Small  amount  of  gas 
at  548  feet:  salt 
water  at  606  feet. 

Oil  at  675 and  702 feet; 
large  volume  of 
gas. 

Salt  water  at  384  and 
622  leet;  fresh  wa- 
ter at  715  and  755 
feet;  gas  and  water 
at  490  feet. 

City  well. 

Several  gas  wells 

Several  wells  for  gas; 

not    much   found; 

salt   water   at  400 

to  500  feet:  no  flow; 

abandoned. 
Three  wells. 
Water    at    660    and 

1,100  feet. 

Salt  water. 

Salt  water  at  828  and 
918  feet. 

Water  at  132  and  656 
feet;  salt  water  at 
348  and  757  feet,  and 
trace  of  oil  at  353 
and  730  feet. 

Salt  water. 

Do. 

Thick  salt  beds  600  to 
800  feet;  not  used. 

Bad  water. 

Water  in  sandstone 
under  blue  shale. 

Abandoned. 
Do. 


Temp.  66«»;  water  at 

570  feet. 
Two  wells:  temp^&fy*. 
Salt  well:  175  feet  of 

salt. 
Saline  water. 
Salt  water. 

Do. 
Salty   water;    aban- 

doned. 
Good  water  at  200 and 

4(X)  feet. 

Good  water. 

Salt  water  at  590  feet; 
abandoned. 

Salt  water  from  sand 
535-540  feet  under 
535  feet  of  shale. 


^  Record.  Eans.  Univ.  Gteol.  Surv.  Report,  vol.  1,  pi.  15. 

«Ibld.,pl.  10;  vol.  3,  pi.  21. 

>  Ibid.,  voL  1,  pi.  17. 

«Ibid.,pL16. 

*  Record,  51st  Cong.,  Ist  sess.,  Senate  Ex.  Doc.  No.  2&y  p. 


167. 
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KAX8AS— Ck)ntinned. 


Location. 


County. 


Depth. 


fiterliDK 

Do , 

Stover 

Sun  (southwest  of). 


Syracuse 

Tnayer 

"Thayer  (near) 


Rice 

do... 

Labette. 
Barber.. 


Hamilton 

Neosho 

do 


Do 


.ao 


Tontfanoxie '  Leavenworth 


Topeka^ 
Do.« 


Shawnee, 
do 


Toronto" Woodson 

I 

Do I do.-.. 

Tribune..  Greeley.. 

Valley  Falls I  Jefferson 


Wallace  ( vicinity )-..i  Wallace 


"Wamego Pottawatomie 

Washington I  Washington  . 

Do do 

Do do 


Weir  City.. 

Do 

Do 

Wellington. 
Wichita .... 

Do 

Wilson 


Winfleld 

Yale 

Vulcan  Iron  Works. 


Cherokee  

....  do 

do 

Wabaunsee . . 
Sedgwick 

Ellsworth.... 

Cowley 

Crawford 

Kingman 

Trego 


Feet. 
916 
946 
630 
600 


1,000 

826 

1,064 

895 

854 

9(J0 

1,638 


1,452 

940-783 

500 

1,174 

(        mo 

\  448 

I  400 

1,000 

i.ioo-i,aoj) 

1,350 

2,300 

443 

480 

400 

1,000 

1,605 

1,(1(25 

1,875 

1,200 

1,217 

1,000 

700 


Diame- 
ter. 


Yield 

per 

minute. 


Height 
water. 


Remarks. 


Inches. 
10-24 

Gallons. 
None. 
Few. 

Feet. 

10-2» 

7 

...... .... 

--3 
—16 

—90 

6M( 

8f-6i 

Flows. 

'"•' 

3 
4 

2 

None. 

+40 

7 

4 

None. 

4  6 

1 

None. 

None. 

75 

75 

6 

6 

71 
6} 

-70 
-70 
-70 

14-4* 

-70 

^ 

Many. 
Many. 

+« 

6 

-  116 

.... ...... 

SaltwelL 
Do. 

For  coal:  unsncoeiB- 
fnl;  mostly  black 
shale. 

Oil  wells. 

Water  at  376. 5^  as. 

and  1,054  feet 
Water   at   215  feet; 

gas  at  827-830  feet 
City  well. 

Coal     prospect:    do 
coal;    no    flovmg 
water. 
Salt  water  and  some 

oil- 
Two  wells;  aomes^ 
UnsaccessfuL 
Very  saline  water. 

I  Did  not  reach  bottom 
I    of  shales. 

Salt  water. 

Abandoned. 
Do. 


Not  in  use. 

Salt  water  at  SOOfeet 

Salt  water;  abtn- 

doned. 
Salt  water. 

Two  salt  shafts. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  KANSAS. 


Report  of  J.  W.  Gregory,  field  agent  for  the  Middle  Division,  Pif ty-fiwt  Con- 
fess, first  session.  Senate  Ex.  Doc.  No.  232,  pp.  145-172.    Washingrton,  1890. 

Water  Resources  of  a  portion  of  the  Great  Plains,  by  Robert  Hay,  United  States 
Geological  Survey,  Sixteenth  Annual  Report,  1894-95,  part  2,  pp.  535-588,  plates. 
Washington,  1895. 

The  University  GJeological  Survey  of  Kansas,  by  Erasmus  Haworth  and  assist- 
ants, vol.  1.    320  pages,  plates.    Topeka,  1896. 

Report  of  the  Board  of  Irrigation,  Survey,  and  Experiment  for  1895  and  1896  to 
the  Legislature  of  Kansas.    238  pages,  plates.    Topeka,  1897. 

The  University  Geological  Survey  of  Kansas,  Special  Report,  by  Erasmns 
Haworth  and  W.  R.  Crane,  vol.  3.    347  pages,  plates.    Topeka,  1898. 

1  Record,  Kans.  Univ.  Geol.  Surv.  Report,  voL  1,  pi.  17. 
»Ibid.,  vol.  tf,  pi.  27. 
"Ibid.,  vol.3,  p.  149,  pi.  29. 
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KENTUCKY. 


Location. 


CJounty. 


Ashland     (4     miles 

sonth). 
Ashland     (6     miles 

south). 
Atoka  ( 14  miles  west  )i 
Beaver  Dam  ( 1^  miles 

southeast). 
Blaine  Creek  mouth^ . 

Blaine  Creek  month 

(U  miles  from).' 
Bowling  Green  * 


Boyd. 
do 


Bovle 
Ohio  . 


(vi- 


Bowlinir  Green 

cinity).*  | 

Bowling   Green    (15  i 

miles  northwest),    i 
Boone's  Landing  *  . . . 
BrooksTille ...\ 

Brummetts  Station. .  | 
Bnrkesville 


Lawrence. 

do 

Warren... 
do 

do 


Meade  .. 
Bracken 


Brandenburg^ 


Catlettsburg  (1  mile 

south). 
CatlettHburg  (ii  miles 

south).- 

Cloverfork 

Cloversport* 


lis 


Cloyds  Landing. . 
Cumberland     Fa 

(vicinity). 

Cynthiana 

Danville 

Eddy ville  (below)  . . 

Elizaville 

Frankfort 

Glasgow* 

Glasgow  (5    miles 

south  west).  1^ 
Glasgow  Junction  (8 

miles  sou  theast ) . '  ^ 
Grand  Rivers  (near) . 

Grayson  Springs  (6 

miles).  »a 
Greenup   (li    miles 

east). 

Greenup  (Imile) 

Greenwood  (2  miles 
southeast). 

Do 

Halsey  (near) 


Harrodsburg 


Harrodsburg  (near) . 

Hartford 

Hartford    (U    miles 
northeast). 

Hawesville  »* 

Hazzard  (near)  ^* 

Henderson^* 


Whitley 

Cumberland 


Meade 

Boyd . . 

do- 


Harlan 

Breckinridge 


Cumberland 
Whitley 

Harrison 

Boyle 

Lvon , 

Fleming 

Franklin 

Barren 

do 

.....do 

Lyon 

Grayson 

Greenup 

do 

Pulaski 


±400 
±400 

1,000-1,300 

560 

1,315 

600 

825 

1,200 

1,370 

1,511 

1,315 

1,000 

940 

+1,300 

1,600 

1,100 
500 

1,560 

485 

i,oa) 

+  1,300 

±1.500 
+400 
+459 

^  Record,  Pa.  2d  Geol.  Surv.  Reports,  vol.  I*,  pp. 

340-341. 
a  Record,  ibid.,  pp.  336-336. 
3  Record,  ibid.,  pp.  336-337. 
*  Ky.  Geol.  Surv.,  Petroleum  and  Natural  Gas, 

etc.,  by  E.  Orton, pp.  159-160. 
•Ibid.,  pp.  160-162. 
•Ibid.,  pp.  176-177. 
'Ibid.,  pp.  171-172,176. 
« Ibid.,  pp.  191-193. 
« Ibid.,  p.  154. 


do... 

Whitley 

Mercer. . 


Jessamine 

Ohio 

do 


Depth. 


Feet. 
1,716 

2.100 

+1,414 
900 

2,597 

1,840 

1,782 

600-1,200 

600-700 

500-579 
600 

1,000 
1,700 

400-766 

2,025 

2.322 

423 

+896 


Hancock... 

Perry 

Henderson 


Diame- 
ter. 


I 


Inches, 
13-10 

1»-10 


Yield 

per 

minute. 

Gals. 


6 


10-8i 


6 


6 


Heiffht 
water. 


Feet. 


— o 


Many. 


6 


2 

8 
5 


Many. 


-8 


Flows. 


Flows. 


Flows. 


Plows. 


Remarks. 


For  oil  or  gas;  nnsuc- 
ful. 
Do. 

Oil  and  gas. 

No  oil  or  water; 
abandoned. 

For   oil  or  gas;   un- 
productive. 
Do. 

But  little  oil,  gas,  or 
water. 

Several  prospects  for 
oil  or  gas;  some  gas. 

Several  wells  yield- 
ing heavy  oil. 

Several  gas  wells. 

For  oil  or  gas;  in 
progress  1899. 

Some  gas  at  300  feet. 

Small  showing  of  oil 
and  gas. 

Gas  wells;  some 
brine. 

Gas  well. 

For  oil. 


Several  gas  wells  in 
vicinity ;  salt  water 
at  400  feet,  strong 
brine  at  600  feet. 

Oil  well. 

Salt. 

Several  wells. 
Unsuccessful. 
Water  200  to  300  feet. 
For  oil. 


Several  gas  wells. 

Salt  water  at  about 
700  feet. 

Oil  prospect;  aban- 
doned. 

Temp.eU". 

Some  oil  at  400  feet; 

salt  water   at  500 

feet;  abandoned. 
Some  oil  at  580  feet; 

abandoned. 
For  oil,  none  found; 

abandoned. 
Abandoned. 
Coal  prospect;  some 

water  at  60  feet. 
Water  at  1,100  feet; 

no  gas. 
Water  unfit  for  use. 
Salt  water. 
Gas  and  salt  water. 

Salt  water  only. 
Salt  well. 
Coal  prospect. 


10  Record,  ibid.,  p.  154. 

"  Record,  ibid.,  pp.  156-156. 

*'Ky.  Geol.  Surv.  Report,  vol.  1,  new  series, 

p.92. 
13  Ky.  Geol.  Surv.,  Petroleum  and  Natural  Gas, 

etc.,  by  E.  Orton,  p.  194. 
1*  Record,  Ky.  Geol.  Surv.  Report,  1854-1855, 

pp.  36-39. 
1*  Ibid.,  pp.  32-36;  Ky.  Geol.  Surv.,  Petroleum 

and  Natural  Gas, etc.,  by  E.  Orton, pp.  195- 

196. 
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iCEXTUCKY— ContinnecL 


Location. 


CouDty. 


Depth. 


Diame- 
ter. 


Yield      Height 
per     I       or 
mmTite.!  water. 


Remarks. 


Henderson* i 

Henderson  (near) ... 
Henderson  (16  miles  ; 
sonth).*  I 

Hondiicks i 


Hood  Creek ». 
Hopkinsville  * . 


Feef. 
Henderson  ..  +flOO 
do !,(«+ 

do iaoornaa 


Inches.  Oallons.t     Feet. 
I  Flows. 


Magoffin 


Inez 

Do 

Keene 

Lagrange  ' 


Lawrence. 
Christian . 


Martin.... 

do 

Jessamine 
Oldham... 


Do.* ! do 


Lagrange 
south).* 
Laurel*  .. 


( 1     mile 


Lawrence. 


2.4W 

1,625 
1,600 

2,300 

)t50 
2,000 
1,500 

1.200 

565 

1,625 


Brine. 
Do. 
Two  wells:  one  yields 
gas. 

8-0   1 Some  oil:   no  water 

below  S^  feet. 
Oil  well. 

Some  gas  an  A  oil  at 
bottom. 


' do 1,840-2,597 


I 


Leatherwood  Creek  ' 
(mouth).*  I 

Lexington 

Loui8a(2UmiIeswest  t**! 

Louisa  (9  miles  south-  i 

west).  ^^ 
Louisville    (Du- 

pont'8).»» 
Louisville    (Phoenix 

Brewery). 
Louisville  (St.  Pat- 

ri«^k'8).»2 

Louisville  ( Haynea's 

farm).  ^' 
Louis  vil'e  fMcGehee 

farm).  " 

Monticello 

Morganfiold ' * 

Morgan  to  wn 

Newport  '* 

Owensboro^' 


Perry 


Fayette 

Lawrence.. 

do 

Jefferson  .. 

do 

...do 

....do 


410 

875 
2,106 

2,407 

2.086 
1,800 
1,900 
1.000 
1,000 


Wayne '      200-700 

Union 

Butler I 

CampV)ell 


Do 


Daviess 
do.. 


Do 

Owensboro  (2  miles 

ea.st ) . 
Pactolus  (near;  *' 


Paducah*^ 
Panola 


do 
do 


(iravson 


525 

500 
2.007 

1,000 

1,480 

1.200 
1,000 

1,4«0 


Calloway 
Madison  . 


Bovle 

Bell 

Livingston. 
do 


1,250 

1,700 

650 

ft')0 

1,200 

+  1.500 


Perryville 

Pinevillo 

Sniithland'*  

Smith  land     (Taylor 
farm). 

>  Ky.  Geol.  Surv. ,  Petroleum  and  Natural  O-as, 

etc.,  by  E.  Orton.p.  195. 
'Ibid.,  p.  liW. 
3  Recr>rd,  Pa.  2d  Geol.  Surv.  Reports,  vol.  I*, 

p.  339. 
*  Ky.  Gool.  Surv.,  Petroleum  and  Natural  Gas, 

eU'.,  by  E.  Or  ton,  pp.  162-165. 
» Ibid.,  pp.  167-168. 
•Record,  Geol.  Rurv.  Penn.  Report  I*, Oil  and 

Gas  Region,  p.  339. 
f  Record,  ibid.,  pp.  335-339. 
8Ky.  Geol.  Surv.  Repts.  18.^4-1855,  p.  228. 
•Record,  Pa.  2d  Geol.  Surv.  Repts.,  vol.  I*,  p. 

»»  Record,  ibid.,  pp.  337-338. 
"Record  and  analysis.  Am.  Jour.  Sci.»  2d  se- 
ries, vol.27,  pp.  174-178. 


6 


3 

8 


For  oil. 

For  oil  40  vears  ago. 

Flow  of  salt  water  at 

1.400  feet:  no  ga.« 
Salt   water    at    l,d<» 

feet:  no  gas. 
Gas  well. 

Sulphur     water    a^ 

1,607  feet. 
For  oil  or  g?»s;  unsiic- 

oessfnl. 
Salt  wells. 

No  water  supply. 
For  oil  or  gas;  unpro- 
ductive. 
Do. 


264 
Many. 
Many. 


-1-  60 
Flows. 


170  ^  Mineral  water:  temp. 
8Hi»  (or  76i"'?>. 


Temp.  57.^:  salt  wa 

ter. 
Some  gas  at  400  feet. 

No  product. 


Oil  wells. 

For  oil:  abandoned. 
Oil,  eas,.  and  coal 
Mucn  water  at  l.(v>i 
■  i     feet- 

4  I ' Brine  at  765  feet:  poor 

I  I      water  belf>w. 

Salt  water  at  7«)  feet; 
none  below. 


But  little  gas. 


-100  '  For  oil  or  gas:  nnpro- 
I      ductive:  much  -^It 
water  at  1.475  feet. 


6 


Salt  water  at  150  and 

L7W)  f  eet- 
For  oil :  unsuoi'es&f  al . 
Oil  well. 
Unanecesafnl. 


"Ky.  Geol.  Surv.,  Petroleum,  Natural  Gajs. 
etc.,  by  Orton,  pp.  160-170. 

"Ibid.,  p.  178. 

'♦Ibid.,  p. 205. 

"Record  and  analysis.  Ohio  Qeol.  Surv.  R<y 
port  1888,  vol.  6,  pp.  298-300. 

^•Ky.Qeol.  Surv.,  Petroleum,  Oaa.  etc.,  by  Or- 
ion, p.  104. 

17  Record,  Pa.  G^eol.  Surv.  Report  P  on  Oil  and 
Gas  Region,  p.  340. 

*^  Record,  Kj.  Geol.  Surv.  Description  of  Jack 
son  Purchase  Region,  pp.  321-aB5. 

"  Ky.  Geol.  Surv.,  Petroleum,  Qas.etc.by  Or^ 
ton,  p.  196. 
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Location. 


Uniontown 

Uniontown  (Davis 

mill). 

Walton 

Warfleld  (near)*  .... 
West  Point   (vicin- 

ity).« 

Whitesburg 

Williamsburg  (10 

miles  above). 
Williamstown 


County. 


Union .. 
....do.. 

Boone... 
Martin . 
Hardin. 

Letcher 
Whitley 

Grant . . 


Depth. 


Feet. 
1.079 
+400 

:t400 

+1,307 
400 

400 
500 

500 


Diame- 
ter. 


Inches. 
4 


Yield 

J>er 
nnte 


Gallons. 


Height 
water. 


Feet. 
Flows. 
Plows. 


Remarks. 


For  gas. 
Salt  water. 

Gas  well. 

Do. 
For  gas;   unsuccess- 

fnl. 
Salt  wells. 
For  oil ;  unsuccessful. 

No  water  below   30 
feet. 


PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  KEN- 
TUCKY. 

Seventh  Report  on  Oil  and  Gas  Fields  of  Western  Pennsylvania  for  1887-^,  by 
John  F.  Carll,  Pennsylvania  Second  Geological  Survey  Reports,  volume  1%  350 
pages,  Harrisburg,  1890. 

Kentucky  Geological  Survey  Report  for  185^55,  by  D.  D.  Owen,  Frankfort,  1856. 

OccuiTence  ot  Petroleum,  Natural  Gas,  and  Asphalt  in  Western  Kentucky,  by 
Edward  Orton,  Kentucky  Geological  Survey  Report,  1888-89, 232  pages,  Frankfort. 

liOUISIAXA. 


Location. 


County. 


Aldenbridge ■  Bos:»i3r.. 

Alexandria '  Rapides. 


Do 
Do 


do 
do 


Allentown 1  Bossier 

BoscoCity I  Ouachita 

Baton  Rouge East  Baton 

{      Rouge. 

Do , do 

Bayou  Sara I  West  Felici- 

I     ana. 

Do do 

Benton Bossier 

Bolinger do 

Bovce Rapides 

Colfax Grant 


Cote  Blanche  Island  .   St.  Mary. 
Crawford do 


Crowley 

Delta 

Dubach 

Hammond 

Lake  Charles 

Lake  Charles  (Smiles 
east). 

Do 

Do 

I^ake  City 

Marks  ville 


Acadia 

Madison 

Lincoln  

Tangii>ahoa. 

Calcasieu  ... 

do 


do 

do 

Jefferson  ? 
Avoyelles. 


Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

GcMons. 

Height 
water. 

Feet. 

Feet. 
400 

Inches. 

7535 

850 

10-6 

276i 

+4 

630 

44X) 
400 

B 

-80 

1,000                6 

248 

-30 

760 
736 

450 

500 

500 

810 

1,116 

450 
602 


6.35 

1,200 


473 

49H  , 

510 
500  I 
l,aK)  I 

800  i 


10-rt 

Flows. 

4 

347 

+2 
+1 

18 
42 

104 

.18 

+15 
+65 

-34 

+2  1 

4' 

5 

"'1' 

4  I 

fr-4 


.1. 


312 


:«0 
1(H 
100 


-6 


Remarks. 


M2  I 
^18 
-+10 

Flows, 


Four  wells;    temp 


Water  at  750  feet. 

Temp.  70°:  two  wells 
Temp.  63«>. 


Temp.  60°. 

Temp.  62'':  salty 
water;  much  gas. 

Pumps  347  gallons: 
Temp.  62°;  several 
other  wells  here. 

Pumps  812  gallons. 

No  water. 

Deep  well. 

Four  wells;  temp.tt4<'. 


Two  wells. 


'  Record,  Pa.  Geol.  Surv.  Report  !•  on  Oil  and  Gas  Region.  jjp.IJfiJ-JWO. 
^  Ky. Geol.  Surv.,  Petroleum. Gas, etc.,  by  Orton, pp.  180-181. 

IRR  57—02 J: 
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L.OUI8IAXA— Continoed. 


L(K*atioii. 


Minden 

New  Iberia... 

New  Orleans. 


C'onnty. 


Webster 
Iberia . . . 


Orleans 


New  Orleans  (C'anal    do 

street). 

New  Orleans do 

Winnfleld Winn 


Depth. 


Diame-     X??!*  i  Height 


ter. 


per 
iinni 


of 


minute.  I  water. 


Feet. 
1,000 
600 

i.aoo- 

000 


!{  1; 

3,000 


i,aoo 

1,100 


Inche». 


QiiUons.]     Feet. 
No  flow. 


8 


4-15 


Remark;^ 


Several  wells:  temp. 
Bored  in  185A. 

Temp.  ay*.   AUogi^ 


M-\INE. 


Augrusta I  Kennebec 


570 


10    No  flow.'  Infn^nite. 


MARYLAND. 


Arbutus !  Baltimore 

Baltimore  (National  | do 

Brewery).                 i 
Baltimore  (Malt by do 

property).                 I 
Baltimore  (Spring   do.  .. 

(harden  Brewery). 
Baltimore  (Han n is   do 

Distillery). 

Baltimore  (Seawell) do 

Baltimore  (Baum-    do 

Schmidt's  Brewery ) 
Baltimore  ( Von  Der   do  — 

Horst's  Brewery). 
JBaltlmore  ( Brehm's   do  — 

Brewery). 
Baltimore     (Adler's    do 

Brewery).  | 

Bay  Rid^e Anne 

I      del. 
Centerville  '    


Arun- 
Queen  Anne 


Claiborne  * . . 
Cumberland 
Crisfleld 


Do 

Do.>  ... 
Deer  Park . 
Eastoii 


Talbot  ... 
Allesrany. 
Somerset 


do.. 

...do  . 
Garrett 
Talbot  . 


Elkton Cecil 


Do do 

Do ...  do 

Fort  Washington   ...1 .. 

Frederick :  Frederick... 

Prestburg Allegany. . .". 

Indian  Head '  Charles 

Salisbury* ,  Wicomico... 

SiMirrows  Point 


Tilghmans  Island '  Talbot 

Tunis  Mills do. 


775    ! , !  Not  flnl^thed. 

450  6  '         aw     No  flow.' 


I 


900 


Many.  I  No  flow.' 


SOO ' I  Noflow. 

800 ...,  Noflow. 


562  j 
400  , 

435  ' 

1,300  I 

800  ', 

470 

665 

440 
2,000 
1.018 

1,033 

i,(no 

2,010 
600 

490 

400 
407 


None. 
25 

25 

120 


No  flow. 
No  flow. 


6-4 

0 
8 

20 

Many. 

Many. 

None. 

Pumps 

200. 

130 

Near 

surface. 

3 

4 
6 

Fiows. 

Flows. 
Plows. 

5 

Flows. 

a 

None. 

24 



1,140-996 
700 
463 
424 
495 


1* 
6  I 


70 
None. 
11 


+3 
iNoflow. 


37t^430     1  Many. 

430  2  I  Pumps 

100. 


Flows. 


Irony  water. 

Wat«r  at  4^  and 

feet. 
Water  alsoat  ^*  tr- 
Abandoned 
Flows  40  gsaUon^t. 

line  water. 
Saline  water. 
Do. 

No  water  below 

feet. 
Water  very  hdse 

fa«*tory;  temp  ■ 
Abandoned. 
UnsnccessfuL 


Aliandoned. 

Water  at  267  le^t 
No  water  bi*ifW 

feet. 
4  wells. 
Flows  6  gaUo]ts> 


;  I 


»  Record,  New  Jersey  Geol.  Surv.,  Report  for  18»9,  pp.  81-83. 

«  U.  S.  Geol.  Surv.,  Bull.  138.  p.  132. 

3  Record, U.S. Geol. Surv. . Bull.  138, pp.  128-130. 

*  Record,  New  Jersey  Geol.  Surv.,  Report  for  1899,  pp.  ll;)-115w 
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>LV88ACIIUSBTTS. 


Location. 


(,'oauty. 


Suffolk 


Boston  (Eastern  Cold 
Storage). 

Boston  (.corner  Hunt- 1 do 

ington  ayenue  and 
Qainesboro  street). 

Boston  (comer  Com- 
mercial and  Prince 
streets). 

Boston  (34  Provi- 
dence street). 

Boston  (Park  square ) do 


Cambridge  (Dow    do 

Soap  Works). 
Cambridge     (Morse  I do 

and  Wliite  streets),  j 

Cambridge \ do  

Dalton I  Berkshire.. 

Dorchester i  Suffolk 


Holvoke 

Do'.'.'".'." 

Do 

Maiden 

Ne^y  Bedford 
North  Adams 
Northampton 

Do 

Princeton 

Roxbury  

Do 

Stockbridge.. 


Hampden . . 

....do 

....do 

....do 

Middlesex  . 

Bristol 

Berkshire.. 

Hampshire 

...do 

Worcester . 

Suffolk 

...-do 

Berkshire.. 

Taunton Bristol 

Turners  Falls \  Franklin... 

Walpole Norfolk 

Waltbam Middlesex. 


Watertown 

West  Cummington 


do 

Hampshire 


Depth. 


Feet 
400 

512 


1,750 

2,508 

2,6«7 
500 

400 

+400 

870-900 

400 
800 
720 

1.006 
650 
510 
500 

3,710 

4.022 
900 
502 
403 
650 
975 
900 

1,000 
460 

700 
625 


Diame-j    Yield 
^^'     i  mfiiute, 


Height  i 
of       I 
water. 


Inches.  Gallontt. 

8  I 


Feet. 


70   No  flow. 


Few.    No  flow. 


No  flow, 


6 


8 
8 
8 
8 
8 
6 
8 
8 


Many. 


No  flow. 
No  flow. 


400 
600 

4a) 

Many. 


6 


8 
8 
6 


-20 
-20 
-14 
Noflow. 
No  flow. 
2*1  Noflow. 
635  I  -4 

Noflow. 


T 


Few. 


-20 


52 


15 
Very 
few. 
Many. 
2* 


Noflow. 
Noflow. 


No  flow. 


Remarks. 


Bad  water. 


Sulphur  water;  good 
water  450-484  feet; 
well  abandoned. 

No  water  below  500 
feet. 

Unsuccessful. 

Do. 

Do. 

2  wella;  water  very 
salty. 


Water  too  irony. 
Water  of  fair  quality 

Very  hard  water. 
Not  succesMf  ul. 
Do. 


Do. 
Water  too  irony. 
Water  too  hard. 


Water  too  irony. 


MICHIGAIS^. 


Adrian  ^ 


Albion 

Algonac^ 

Algonac    (5   miles 
below).' 

Allegan* 


Lenawee. 

Calhoun  . 
St.  Clair.. 
do.... 


1,660 


1,614 
1,727 


Allegan 


Alma* I  Gratiot 

Alpena i  Alpena. 


1,275   i 
1,400   ( 

I 
2.863    .. 
650  , 


o 


Do« I do 1,026-1,269 

Ann  Arbor ' |  Washtenaw. . '  770  or  775 

Assyria Barry i         1.850 

Battlocreek  « |  Calhoun '  440 

I  I 

Banks. Bay    ,      774-980 

Bay  City I do I  715-1,200 


200 


+20 


Bay  City* |  Bay  .. 

Do '•.  ...do 


505 
1,600 


-40 

-16 

1 ...    1 :. 

1         1         1 

Mineral  water  at  805 
feet.    Abandoned. 
Several  wells. 
Salt  well. 
Do. 

I  Several  borings    for 
,      oil;     not    much 
found. 

j  Temp.  52°.      Several 

'      wells. 

,  Several  salt  wells. 

I  For  oil;  unsuccessful. 
I  Water  at   116  feet 
I      only. 
I  Salt  wells. 
Numerous  salt  wells 

in  vicinity. 
Salt  wells  in  ujjper 
salt  beds. 


1  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5.  part  2,  p.  44,  pi.  1. 
a  Ibid., pi. 3. 
« Ibid.,  pi.  2. 

*  Ibid. ,  pp.  44-45,  pi.  4. 

*  Analysis,  ibid.,  pp.  45-46;  U.  S.  Geol.  Surr.  Water  Supply  and  Irrigation  Paper,  No.  31,  p.  83. 
"  Record,  Mich.  (Jeol.  Surv.  Reports,  1881-1893,  vol.  5,part  2,  pp.  46-47\  pi.  5. 

'  Ibid.,  pp.  47-49;  Reports,  1873-1876,  vol.  3,  part  1  ,p.  92. 

"  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  nart  2,  p.  50. 

<*  Analysis,  Mich.  Geol.  Surv.  Reports,  1873-1876,  vol.  3,  part  1,  p.  182. 


52 


DEEP   BORINGS    IN   THE    UNITED   STATES,  PART    I-  [xo.  57 


MICHIGAX— Continued. 


L<K'ation. 


Count  y 


Depth. 


Diame- 
ter. 


Yield 

per 

minnte. 


Height 

water. 


Remarks. 


BayCity^ Bay 

I 

Benton  Harbor ' Berrien  . 

Do I do... 

Big  Rapids Mecosta. 

Blackmar ;  Sa^dnaw 

CarroUton ' do 


I^eU      i  Inches.  ^Gnllons.^     Fret. 

2,865  I I ' Brine 

I  I  I  feet- 

i,3a5 


at    2.l4l-:!,:^«5 


'U  ^■ 


1.400 
1.360 
1,7(W 

r43-wo 


10-6 


Many. 
Many. 


-30 
-30 


Mineral  water. 
Salt  welL 
Several  salt  wells. 


Ca«*ewell» Thuron I,r35-1,770  , I ' Salt  wells 


Chadwick |  Ionia 

Charlevoix  * Charlevoix . 

Charlotte* ,  Eaton 

Do ' do  

Cheboyaran* ]  Cheboygan 

Do do...... 


Cold  water  ( west  of )  ^ .    Branch 


Do." - do 

Constantine  * '  Saint  Joseph. 

Do.^» I do 

Corunna" Shiawassee.. 

Detroit  (9  miles  '  Wayne 

northeast;." 
Dowagiae !  Cass  

Do do 


498 

4O0-4H'J  ' 

2,209  I 

730  '. 

700  , 

4.52  ' 

447  , 

1,300  I 

681)  , 

+1,080  ! 
907 
770 


8 
6 


Flow. 
-20 


Temp.  46». 


10-8    1  ToKur- 

face. 


Water   at    233    feet: 
brine  at  382  feet. 

Strong  brine  at   :W 
feet. 


Some  gas  and  wai**r 

I  I      at  165  feet. 

1,500  I I  Cnsucceasfnl. 


Do. '3 
Do... 


East  Saginaw  ^  < 
East  Tawas"... 

Essex  ville*« 

Flint" 


Florence  . . 
Forestville 


.do 
do 


.1 


Saginaw 
Iosco .... 

Bay 

Genesee 


Saint  Joseph 
Sanilac 


2.300 

1,760 
2,J«K)  ' 

8(Ni  , 
905 

1.300 


Water    at    ^7    ft^t: 
brine  at  387  f e«>t 

Water    at     90    ft^t; 

brine  at  7?!fO  fe^-l 
Salt  well. 
Do. 

Salt  well:   fresh  wa 

ter  at  260  f€»et. 
Salt  wells. 


Fountain  Point Carp    Lake, 

Leelanau. 

Frankfort »* ,  Benzie 

Do.i" ' do 


505-«fiO     .1 1  Abandoned  and  fille^J 

'  I      np. 
8    '          +15  ' 


Grand  Marais i  Alger 

Grand  Rapids  2" '  Kent . 


1,800  , 
2.200 

1,215  I 

2,300  ! 


Do do I       (?)700 

Grindstone Huron 1,080 

Hillsdaleai Hillsdale Lrv'ia-l.SoO 

Howell I  Livingston  .J  550 

Imlay" Lapeer l.(J20 


Ionia ..     Ionia 


400-600 


8 


160      Flows.  I  Temnerature  .>*: 
I  I      mineral  w^ter. 

None.  { Al>andoned. 

.. Fresh  water  with  ga** 

I  and  brine  at    Im: 

I  torn. 


1 


Many. 


+ 


.    Abandoned. 

Brine  at  1,100  fe«t- 
.1  Gas:  abandoned. 
,    Fresh  water  at  1»  t- . 
200 feet:  saltwater 
I      at  64ii  to  Tltt  feet. 

No  water  below  3*2 
I      feet :    temperature 
55'. 


»  Record,  Mich .  Geol.  Surv.  Reports,  18{<1-1893,  toI.  5,  part  2,  p.  60,  pi.  6. 

Mhid.,p.51,pl.7. 

«  Ibid., p. 53;  Mich.  Geol.  Surv. Reports,  1873-1876.  voi. 3, part  1, p. 94. 

<  U.  S.  Geol.  Surv.  Water  Supply  and  Irrigation  Paper,  No.  30,  p.  87. 

6  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893.  vol.  5.  part  2,  p.  53,  pi.  8. 

«  Mich.  Geol.  Surv.  Reports,  1881-1893.  vol.  5,  part  2,  p. 5*3. 

'  Record,  Mich.  Geol.  Surv.  Reports,  18r3-1876,vol.3.part  l,p.87-88. 

«  Record,  Mich.  Geol.  Surv.  Reports,  1881 -189;),  vol.  5,  part  2,  p.  54.  pi.  1(». 

»  Record,  Mich.  Geol.  Surv.  Reports,  18r,)-]876. vol.3, i>art  l,p.93. 
»»  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  part  2,  p.  54.  pi.  11. 
"Ibid.,  p. 54, pi.  12. 
"Ibid.,  p.  54,  pi.  15. 
"Ibid.,  p. 55, pi.  16. 

»<  Ibid.,  p.  55;  Mich.  Geol.  Surv.  Renorts,  187»-lb76.  vol.  3,  part  1,  pp.  94-96:  Analysis. 
"  Record,  Mich.  Geol.  Surv.  Reports,  1881-1898,  vol.  5.  part  2.  p.  67:  Analysis,  Mich. 

Reports,  1873-1870,  vol.  3,  part  1.  p.  184. 
"Record,  Mich.  Geol.  Surv.  Rei>orts,  1881-1893. vol. 5, mrt 2, p. 58. 
"  Ibid.,  p.  58:  Mich.  Geol.  Surv.  Reports,  1873-1876.  vol. 3, part  l.p-97. 
"  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  part  2,  p.  89.  pi.  18. 
"  Analysis,  ibid.,  p-.59. 
■"Record,  ibid.,  p.  61,  pi.  30. 


p.  1x3 

C-Jeol.  Surr 


«'  Ibid.,  p. 62:  Mich.  Geol.  Surv.  Reports,  1883-1876.  vol. 3,  part  l,p.81 
"  Record,  Mich.  Geol.  Surv.  Reports,  1881-189r3,  vol.5,part  2,p,83,pl 
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MICHIGAN— Continued. 


Locatiou. 


County. 


Depth. 


Ionia  >  - . . 
Ithaca  ^ . . 
Jaokson  ' 


Do 
Do 


Feet. 
Ionia 460 

Gratiot '  837 

Jackson 2400-2,455 


Kalamazoo^ 

Kawkawlin  • 

Lake  Linden 

Lansing  ''magnetic 
well.'^ 


do. 
do. 


3,700 
206-400 


Kalamazoo    J        2,250 

Bay I  810-1,133 

Houghton  ...;i,502-L50e 


Ingham 


1,400 


LansingHotel do 740 

Lansing     Reform    do ,  506 

School.* 

Liidington^ Mason 2,220 

Do.* do I  1,650 

Ludington    (1   mile    do 2.280 

south).  9 
Manistee'o I  Manistee .1,947-2,027 


Diame- 
ter. 


Do ; do 

Marengo  " Calhoun 


2,015 
460 


Marine  City'^ ,  St.  Clair 1,470-1,737 


Marine     City    (city    do... 

well).»»  I 

Marshall** Calhoun 

Maryville'* St. Clair. 


1m 


<  i 


440 
1,150 


Melbourne . 
Menominee 
Midland  »•-. 
Monroe  >'  .. 


Mount  Clemens  i** 
Muskegon  >"    

Do.2" 


Saginaw I  050 

Menominee..'         +400 

Midland 1,300-1,!J25 

Monroe i         1,765 


Macomb ,1,060-1,244 

Muskegon  . . . ' 


do 


NewRiver*>  i 

Niles I  Berrien 

Do." do.. 


1,230 
2,627 


1,029 
1,438 
1.140 


Yield 

per 

minute. 


Indies.   GaUons. 


Height 
water. 


Remarks. 


B 


50 


10 


VZS 


Many. 


100 
1 


Feet. 

,  Flow  of  sweet  water 

I     at  dfX)  feet. 
--72     Several  wells;    good 
water. 
Flows.  I  Several  wells     Flow 
of    water   at   1.050 
feet;  hot  water  at 
1.820  feet. 
Abandoned. 
Large  water  supply; 
several  wells. 


-9 


Flows. 


Two  salt  wells. 

Saline  water.    Tem- 
perature 581*. 


lO-o 


8 


Numerous  salt  wells 

in  town  and  vicin- 
ity. Black  water  at 
960.  Some  oil  at 
1,905  feet. 

15  I  Two  salt  wells. 


Flows. 
Flows. 


Several  salt  wells  in 
and  near  town. 

Clear  water  1,170- 
1,370  feet. 

Salt  water  at  <  45  feet ; 
mineral  water  970 
and  985  feet. 


10^ 


Several.  +  4    Well  now   plugged; 

water   somewhat 
sulphurous. 

Several  mineral 
wells. 

Flows  of  mineral 
water  at  333  feet 
and  6i3  feet. 

Strong  flow  of  min- 
ers 1  water  at  700 
feet,  brine  at  2,400 
feet. 

Salt  well. 
15  +15     Temi)erature  60*. 


»  Record,  Mich.  Geol.  Surv.  Reports,  1H73-1876,  vol.3,part  1,  pp.  134-135. 
3  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5.  part  2.  pp.  63-64. 
•Ibid.,  p.  65,  pis.  23-25. 

*  Record,  Mich.  Geol.  Surv.  Reports.  18H1-1K93,  vol.  5,  part  2.  p.  65,  pi.  26. 
» Ibid.,  p.  Oi:  Mich.  Geol.  Surv.  Reports,  187*J-1876.  vol. 3,  part  1,  p.  96.  * 

•  Record,  Mich.  Geol.  Surv.  Reports.  187:3-1876,  vol.  3.  part  1,  pp.  11 7-118. 
'  Record,  Mich.  Geol.  Surv.  Reports,  1881-1803.  vol.  5,  part  2,  p.  66,  pi.  27. 
» Ibid.,  pi.  29. 

•Ibid.,  pi.  28. 
"Ibid.,  p.  66.  pis.  30-32. 
>»  Ibid., p. 67. 
»»  Ibid., p. 67, pis. 33-38. 
»»Ibid.,p.67,pl.3B. 
"Ibid.,  p.  67. 
»Mbid.;p.68,pl.40. 

» •  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893.  vol.  5.  part  2.  p.  69. 
>Mbid.,p.70,pl.41. 

» "  Record,  and  analysis,  ibid. .  pp.  70-71,  pi.  42. 

»»  Record. ibid., p. 71, pi. 43;  Mien. Geol.  Surv.  Reports,  1873-1876.  vol. 3. part  1,  p. 84. 
"Ibid,,  p. 85. 

«i  Ibid.,  p.  77;  Mich.  Geol.  Surv.  Reports,  1881-1888,  vol.  5,  part  2,  p.  73. 
««  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  part  2,  p.  TO,  pi.  44. 
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MICHIGAN— Continued. 


Location. 


County. 


Depth. 


NUesi 


Norris. .. 
Oscoda*  - 
Owosso*. 
Petoakey 
Pontlac* 


Port  Austin  * 


Berrien 


I 


Wayne 

Iosco 

Shiawassee 

Emmet 

Oakland  ... 

Huron 


Port  Hope* 

Port  Huron^ 

Port  Huron  ( 12  miles 
northwest). 

Port  Huron* 

Port  Haron  Deer- 
spring. 

Portsmouth 

Do.» 

Provemont 


do... 

St.  Clair. 
do... 


do 
.do 


Bay 

do 

Leelanau 


Romeo  >° Macomb. 

Royal  Oak  *i Oakland  . 

Do.»a do.... 

Saginaw Saginaw. 

Do. »» I do.... 

Saginaw  (south-  do 

east)M  I 

St. Clair »» '  St.CUir.. 

Do.i« ., do 

Stlgnace  t' Mackinac 


St.Johns.. Clinton 

St.  Louis Gratiot 

Salsburg ,  Bay 

Sandbeach'^ Huron. 

Do.»» ' do.. 


Stronach*® Manistee. 

TawasCity'" Iosco 

Thunder  Bay  River    , 

(near  bed).*^ 


Whiterock" Huron 

Winona Bay... 


Feet. 

eoo 

631 

1,000 

576 

1.506 

1,198-1.285 


787 

4d8-7B5 


Diame- 
ter. 


Inches. 


'  Yield      Height 
I     per     I       of 
I  minute.  I  water. 


Remarios. 


OaUons.      Feet 


ia-« 


ioU 


1,700 
745 

1,000 
664 
700 

1,600 
1.400 
3.50K 
r41-«3U 
860 
1,764 

919 

919 

1,200 


8 


Wyandotte'* Wavne 

Do , ho 

Ypsilantl Washtenaw.. 

Zllwaikee** 1  Saginaw 


1,000-1,013 
70? 
1,920 

1,972 

9U5 

1,025 


556-1,311 
1,030 

2,500 

600-800 

808 

800-860 


8 


+18 


Strong   brine  at  370 

feet. 
For  gas:  abandoned. 
Salt  wells. 
Brine  at  634  feet. 
Temperatnre  3ff^. 
Salt  water    at  Llin 

feet. 
Saltweils;  sweet 

water  at  336  to  1,  lU) 

feet. 
SaltwelL 
Gas  weUa. 


Plows. 


I  Qasandaalt^ 

-150  I  Slightly  mineral 
I     water. 


+  10 
-600 


Salt  welL 
Sulphur    water 
feet  in  rock. 


3.i> 


Many. 


-300 
Plows. 


Numerous  salt  weII:^ 

Brine  at  330  and  1.  *>» 

feet. 
Salt  wells. 
Salt  welL 
Strong    snlpfanr 

water. 
UnsnocensfoL 
Deep  well. 
Several  isalt  welis. 
Salt  well. 
For  gas;   xuksac'-vr^ 

ful. 

Salt  weU. 

Salt  welL      Flow  of 

mineral   water   at 

400  feet. 
Several  salt  wells. 
Drill  hole  for  copper 

ore. 
Abandoned. 
Numerous  salt  wells- 
Several  weUs. 


»  Record.  Mich.  Geol.  Surv.  Reports,  1873-1876,  vol.  3,  part  1,  p.  90. 

^  Analysis,  ibid.,  p.  186. 

"  Record,  ibid. ,  p.  97;  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol. 5, part  2, p. 78, pi.  45. 

*  Record,  Mich.  Geol.  Surv.  Reportn,  1881-1893,  vol.  6,  part  2,  p.  75, pi.  47. 

«-  Ibid  ,  pp.  75-76;  Mich.  Geol.  Surv.  Reports,  1873-1876,  vol.  3,  part  I,  pp.  77-78;  Analysis,  p.  l*^ 

•Ibid.,  p.  76. 

'Ibid., p. 77. pis, 48-55.    ' 

"Ibid.,  pp.  77.  pi.  57. 

•  Analvsls,  Mich.  Geol.  Surv.  Reports,  1875-1876, vol. 3, part  l,p.  182. 

»o  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol. 5, part  2,  p.  TO, pi. 5©. 

>i  Ibid., p.  79. 

»Mbid.,p.79,pl.60. 

' »  Ibid. ,  p.  79;  Analysis,  Mich.  (Jeol.  Surv.  Reports.  1878-1876,  vol.  3,  part  1,  p.  183. 

i<  Record,  Mich.  Geol.  Surv.  Reports,  1873-1876,  vol.  3,  part  1,  pp.  96-97. 

J*  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  part  2,  p.  79, pi. 62. 

»«Ibid..pl.6L 

»'  Record.  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  part  2,p.  79,  pi.  eS3. 

»"  Analysis,  Mich.  Geol.  Surv.  Reports.  1873-18*6,  vol.  3,  part  1,  p.  184. 

"  Record,  Mich.  Geol.  Surv.  Reports,  1881-1898,  vol.  6,  part  2,  pp.  81-88* 

»°  Record,  ibid.,  p. 84. pi. 65. 

« » Record,  Mich.  Geol.  Surv,  Reports,  1873-1876,  vol.  3,  part  1,  p.  79. 

"  Mich.  Geol.  Surv.  Reports.  18^1876,  vol.  3,  part  1,  p.  40. 

"  Ibid.,  pp.  7»-77;  Analysis,  p.  184:  Record,  Mich.  Geol.  Surv.  Reports,  1881-1803,  vol. 5.  partt p.  s& 

"  Record,  Mich.  Geol.  Surv.  Reports,  1881-1893,  vol.  5,  part  2,p.87.pL06. 

3»  Analysis,  Mich.  Geol.  Surv.  Reports,  1873-1876,  vol.  3,  part  1,  p.  186. 
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PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  MICHIGAN. 

The  Geology  of  Lower  Peninsalar  of  Michigan,  by  C.  Rominger,  Michigan  Geo- 
logical Snrvey,  vol.  3,  part  1, 225  pages,  New  York,  1876. 

The  Geology  of  Lower  Michigan  with  reference  to  deep  borings,  etc. ,  by  A.  C. 
Lane,  Michigan  Geological  Snrvey,  Vol.  5,  part  3, 100  pages,  plates,  Lansing,  1895. 

Analysis  of  many  of  the  well  waters  are  in  "  Lower  Michigan  Mineral  Waters/' 
by  A.  C.  Lane,  U.  S.  Geological  Survey,  Water-Supply  and  Irrigation  Papers,  No. 
31,  Washington,  1899. 

Water  Resources  of  the  Lower  Peninsular  of  Michigan,  by  A.  C.  Lane,  U.  S. 

Geological  Survey,  Water-Supply  and  Irrigation  Papers,  No.  80,  97  pages,  plates, 

Washington,  1899. 

MINIOISOTA. 


Location. 


County. 


Austin Hower 


Belle  Plaine Scott 

Benson Swift 

Blue  Earth Faribault.. 

Do : do 


Browns  Valley » Traverse 

Brownsville* Houston 

Dodge  CJenter '  Dodp^e 

Daluth   (12  miles     St. Louis 

westK'  I 

East  Minneapolis  ^. . .    Hennepin 

Elk  River •  Sherburne.., 


Faril»ult ,  Rice 

Fond  du  Lac St.  Louis. 


Fountain . . 
Freeborn . . 
Gladstone . 
Glencoe  ... 

Do 

Graceville. 


Grove  City. 
Hastings" .. 
Hayneld.... 
Henderson  . 
Humboldt « 


Jordan 

Kandiyohi.. 
Lake  City'. 
Lamberton 
Mankato  . . . 
Do 


Fillmore . 
Freeborn 
Ramsey.. 
McLeod.. 

do 

Blgstone . 


Meeker 
Dakota. 


Sibley.. 
Kittson 


Scott 

Kandiyohi . 
Wabasha... 
Redwood  .. 
Blue  Earth 
do 


Hennepin 

do I 


.do 
.do 


Depth. 


Feet. 
750 

710 

478 

1,300 

1,340 


4«5 

590 
504 
l,507i 

1.421 

5ia 


520 
1,508 

579 
950 
615 
1,640 
1,000 
460 

700 
1.160 
530 
707 
644 

650* 
450 
8S0 
400 
2,204 
650 

857  i 
1.431  I 
2.150  ; 


Diame- 
ter. 


Inches. 

10-8 


Yield 

per 

minute. 


OcUlons. 
230 


8 
8-54 


Many. 
5 


1,000 
80 


Many. 


HeiKht 
water. 


Remarks. 


Feet. 


—6  .  Fine  water  from  600 
'      feet. 


-30 
-30 

x200 


+18 
-88 
-40 


+4 


G 


30 


-10  i 
-225 


SO 
50 
40 


-30 

-85 


10-8 


1 


100  I 
None. 

400  I 


-50 

-57 

+14 


+70 


10,8.6 
4 


622 


500to80 
10 


-90 

+40 

+10 


300 


-24 


First  flow  at  420  feet; 
second  flow  at  425 
feet. 

Railroad  well. 
Mineral  water   at 
1,225  feet. 

Several  wells  in  vi- 
cinity; only  flow  is 
at  306  feet. 

Signs  of  (cas. 

Salty  water;  bored 
for  {ras. 

Unsuccessful 


Two  wells;  grr&nite  at 
510  feet. 

Water  slightly  salty. 

Temp.  SO*. 

Salty  water  at   170- 
180  feet. 

Unsuccessful. 


Unsuccessful. 
Several  wells.  Water 
ferrusrinous. 


1  Several  wells  unsuc- 
/    cessful. 

Water  at  188  feet. 


Mendota^ 

Minneapolis 

Minneapolis    (I^ake- 

wood  Cemetery) »  . 
Minneapolis    ( West 

Hotel).  I* 
Minneapolis   (C.   M. 

and    S.   P.    R.    R. 

shops). 

1  Record,  Minn.  Geol.  Surv. ,  14th  Rept.,  1885.  p.  14.  Report  Special  Comm.  U.  S.  Senate  on  Irriga- 
tion and  Reclamation  of  Arid  Lands,  vol.  4,  Washington,  1890,  p.  48. 

^  Record,  Minn.  Geol.  Surv. ,  13th  Rept. ,  1884,  p.  .59.  Report  Special  Comm.  U.  S.  Senate  on  Irriga- 
tion and  Reclamation  of  Arid  Lands,  vol.  4,  Washington,  1890.  p.  48;  Minn.  Acad.  Natural  Sciences 
BulL,vol.3,No.l.p.l42. 

*  Record,  Minn.  Geol.  Surv.  Bull.  5,  Gas  in  Minnesota,  pp.  31-35. 

*  Record,  Minn.  Geol.  Surv.  Report,  vol.  5, 1876,  pp.  154-156. 

*  Record.  Minn.  Geol,  Surv.,  Uith  Rept.,  1884,  pp.  56-57;  Analysis  and  Record  Minn.  Acad,  of 
Natural  Sciences  Bull.,  vol.  3,  No.  1,  pp.  187-141. 

*  Record  and  analysis,  Minn.  Geol.  Surv.,  13th  Rept.,  1884,  pp.  42-47. 

'  Record,  ibid.,  p.  58:  Minn.  Acad.  Natural  Sciences  Bull.,  vol.  3,  No.  1,  p.  142. 
^  Record,  Minn.  Acad.  Natural  Sciences  Bull.,  vol.  3,  No.  1,  p.  141;  Minn.  Geol.  Surv.,  13th  Rept., 
1884.  pp.  55.66. 

*  Ibid.,  pp.  137-i:58:  ibid.,  pp.  50-54. 


^"Analysis,  ibid.,  p.  137 


la.,  pp.  i 
7;  Reco; 


rd,  Minn.  Geol.  Surv.,  14th  Rept.,  18a'i,  p.  11. 
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MINNESOTA— Continued. 


Location. 


County. 


HinneapoliB        (Sol-     Hennepin .. 

diers'  Home).            ' 
Minneai toli.H    ( Wins-  ' do 

low  House. 
Minueopa  Falls  > Blue  Earth 


Montinello    Wright 

Moorhead^ Clay 


Do. 


.do 


New  Germany Carver 

Northfleld '  Rice... 


Owatonna '  Steele 

Pine  City 

Pipefltone Pipestone. 

Plainview Wabasha  . 

Redwing^ €K>odhue.. 


St.  Charles 

St.  James... 

8t.Paul(G.N.R.R.) 
St.   Paul    (Elevator 

Co. ).» 
St.  Paul  ( St.  P.  &  D. 

R  R  ) 
St.     Paul    Transfer 

Railroad. 
St.  Paul  (West.   M. 

andN.W.R.R.). 
St.  Paul  city  well.... 
St.  Paul  (harvester 

ivories ).' 
St.  Paul Wilgus  well. 
St.  Paul  Fair  Grounds 
St.  Paul,  Lake  Vadu- 

aiH 
St.  Paul,  White  Bear 

Lake. 
St.  Vincent  (2  miles 

northwest).' 

Scott  

South  St.  Paul 

Do 

Stephen  

Stillwater* 


Winona 

Watonwan  . 

Ramsey 

do 


.-do 

...do 

..do 

...do 
...do 


.do 
.do 
.do 


do.. 

Kittson 


Tower  (2  miles  east). 


Tracy » 

Do 

Tyler 

Do 

Walnut  Grove 

Wa-seca 

White  Bear  ... 
Winona 


Stevens 

Ramsey 

do 

Marshall 

Washington 


St.  Louis. 


Lyon 

do 

Lincoln 

do 

Redwood  ... 

Waseca 

Ramsey?  — 
Winona 


Wr)rthinprton. 
Wyoming: 


Xobles . 
Chii'ago 


1,421 
1,000 


600 
1,901 

1,«S5 

410 

647 

640 
700 
537 
OBO 
600 

944 
601 
834 
850 

750 

675 

1,030 

1,065  ! 
87U, 

625 

6a) 

726i 
777 
1,037 

-h4on 

487 
3>000 


Diame- ,    ^ield      Height  . 

tor       I     P®*"     '        '^^       ' 
minute,    water. 


Remarks. 


Ifichef.  Goiton*.,     Feet. 


8-6 


3 

8 
8 


12 
6 


10-8 


3,500 


400 

75J4 
607 

+400 

-1600 

400 

1,157 

H  i 

478 

600 
505 


No  flow.  ,  Abandoned. 


-18 


1,000 

250 
75 


100 
100 


+25 

-  8 
-70 


300 


+75 

-60 
-27 
-88 
-35 


-24 


Flow  at  5t0  feet,  and 

salty  water  at  ^4" 

feet;  granite  at  ^' 

feet. 
Ck>od  water. 
Water  at  119U,  135,  acd 

370  feet. 
Water  at  1^  feet  and 

U425feet. 
Water    at    100    feet 

only. 
Hard  water.    Supply 

is  from  30ll  feet. 


Flows 
feet. 


from    lSff>4ai» 


Hard  water. 


-11 
-18 


-6 


U'  Many. 


-37' 

-148 

10-8 

200 

-130 
-15 

6 

600 

-fio 

No  water. 

For  gas. 

Nosucoess. 

For  gas,  nnsncccsD 
ful:  water  at  \^ 
and  301)  feet:  some 
salt  water  at  IJS^* 
feet  and  some  gaa 
at  2jSil)  feet. 

Diagonal  drill  bole  in 
gneiss. 


Temp.  54^^;  cased  175 

feet 
Unsuccessful. 


8-6     Many. 


-15 


»  Rprord,  Minn.  C^-ool  Surv.  Bull.  5,  Gas  in  Minnesota,  pp.  23-24. 

^  Kt'pnrt  on  Irriyration,  o'M  Congress,  Ist  session.  Senate  Ex.  Doc.  No.  41,  part  2,  pp.  73-74.  Wa^h 
intrtuii,  lM»:j. 

3  Hpcord.  Rpi^nrt  of  Special  Comm.  U.  R.  Senate  on  Irrigation  and  Reclamation  of  Arid  Lands. 
vr)l.  1,  p.  4S,  Wiishington.  IH'.M);  Minn.  Geol.  Surv.  Bull.  5.  Gas  in  Minnesota,  pp.  27-31, 

*  Record  Minn  Acjad.  Natural  Sciencef*  Bull.,  vol.  3,  No.  1,  p.  .42;  Minn.  Geol.  Surv.,  IStli  Re- 
port,  1H84.  p])..">7  .'»S, 

•'  Iio<-ord,  Minn.  Geol.  Surv.,  i:3th  Rept.,  1H84,  p.  63;  Minn.  Acad.  Natural  Scienoe.s  BnlL,  vol 
3.  No   l,p.  no. 
"Ibid.,  pp.  .-.«-»«:  ihid.,  p.  140. 

'  R  '('(trd.  Minn.  (4col.  Surv.,  I4th  Rept.,  1SM5,  p.  15. 
*•  K.Mord,  Minn.  Geol.  Surv.  Bull.  5.  Ga.s  in  Minnesota,  pp.  25-27;  Am.  Geologist,  vol.  3,  p.  34a 

•  Record,  Minn.  Geol.  Surv.,  Uth  Rept.,  1885,  pp.  'Sol-aSZ. 
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PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  MINNESOTA. 

Minnesota  G^logical  Soryey.  Thirteenth  Annnal  Report,  for  1884,  by  N.  H. 
Winchell,  196  pages,  plates,  St.  Paul,  1884. 

Minnesota  Geological  Survey,  Fourteenth  Annual  Report,  for  1885,  part  1,  by 
N.  H.  Winchell,  165  pages,  St.  Paul,  1886. 

Minnesota  Academy  of  Natural  Sciences  Bulletin,  Vol.  Ill,  No.  1,  Proceedings 
and  Accompanying  Papers,  1883-1886,  by  C.  W.  Hall,  160  pages,  plates,  Minne- 
apolis, 1889. 

Minnesota  Geological  Survey  Bulletin  No.  5,  Natural  Gas  in  Minnesota,  by  N. 
H.  Winchell,  39  pages,  St.  Paul,  1889. 

Report  of  the  Special  Committee  of  the  United  States  Senate  on  the  Irrigation 
and  Reclamation  of  Arid  Lands,  vol.  4,  386  pages,  Washington,  1890. 

MISSISSIPPI. 


L<tc-ation. 


County. 


Artesia   (44imil«>^'     Lowndes. 

.south). 
Bay  St.  Louis Ilckncock  . 


I 


Biloxl 

Bigfbee  Valley. 

Bonhomie 

Brookville 

Canton 

Cliftonville  ... 
Columbus 


ElUsville 


Harrison. 
Noxubee. 
Perry  — 
Noxuljee. 
Madison  . 
Noxubee- 
Lowndes. 

Jones  


Forest Scott 


Greenwood ,  Leflore. 

Do I do. 

Do ' do  .. 


Gulfport I  Harrison 

Houston I  Chickasaw... 

Indianola I  Sunflower  ... 

Jackson Hinds 

Do do 

Longview Oktibbeha... 

Moorhead Sunflower. .. 

Mechanicsburg Yazoo 

Macnn  Noxubee 

Okolona Chickasaw... 

Prairie  Rock Noxubee 

Ravine do 

Ripley Tippah 


Revive 

Satartia 

Scranton 

Do 

Do 

Do 

Tchula 

■    Do 

Do 

Vicksburg 

Wesson 

Do 

Yazoo  City 

Do 

Do 

Do 

Do 

Do 

Yazoo  City  ( 18  miles 

southeast). 
Yazoo  City  (25  miles 

southwest). 
Yazoo  City  U  miles 
west). 


Madison 
Yazoo . . . 
Jackson . 

do... 

...-do... 
.  -do... 
Holmes  . 

do... 

..  do... 

Warren . 

Copiah . . 

—  do ... 

Yazoo... 

do... 

do... 

do... 

do... 

do  .. 

do ... 


do 


...do 


Depth. 

Feet. 
TOO 

400-760 


850 
JboOO 

650 

680 
1,021 
±500 

400 

1,160 
520 

400 

506 
400 

700 
1,500 
800 
1,31)0 
604 
036 
950 
6:90 
763 
600 
±8(J0 
700 
600 
?^ 
5«8 
774 
750 
780 
?27 

45(i 

470 

1.060 

l,30t) 

1.4(«) 

6:^5 

500 

475 

740 

800 

1,254 

588 

588 
606 


Diame- 
ter. 


Yield   .Height 
per     I      of 
mmnte.    water. 


Remarks. 


Jnchet.    (iallona. 
4-3  10 


Feet. 
-90 


3 
6 
3 
6 
2 


3 
4 


2 
2 


4i-3 

liJO-fi 

Flow.   1 

1 

1 

Flow.   ' 

-30 

10 
90 

Each86" 

-75 

8-5 

+10 
Flow. 
Flow. 

8 

-90 

+40 
-46 

+40 

+25 
-50 

6 

4f-2 
3 

406' 

80 
Pew. 

Many. 
Many. 

"-5"' 

+50 
—40 

10 
3 

Flows. 

-65 

Flows. 

10 

-25 

io^ 

-25 

Many  wells.  Temper- 
ature of  deeper 
wells  78*. 


Temp.  74". 

Three  wells. 

Two  wells;  tempera- 
ture 70*». 

No  water  below  650 
feet. 

Water  at  230  feet, 
court-house  well. 

Three  wells. 

Twenty  wells  in  ad* 

Joining  region. 
Temp.  71®  t . 

Unsuccessful. 


15 

roo 


-20 

+4 
+45 
Flows. 


I 


Few, 


Flows. 

+  16 

Flows. 

Flows. 


40 


+20 

-140 

+5 


,  Two  wells. 
Several  wells. 

Temp.  74°. 
Two  wells. 
Unsuccessful. 
Two  wells. 


14 


-130 

+12 

+9 


Temp.  70*. 


IBB  67—02- 


58 


DEEP   BORINGS   IN    THE   UNITED   STATES,   PART   I.         Iho.67. 


MISSOURI. 


Location. 


Annapolis  (near) 


County, 


Bartlett 

Do 

Baryties 

Bethany 

Bethel  (4  miles  north) 

Birchtree 

Boonslick* 

Booneville 


Brookfleld.. 
Bmnswick  ^ 
ChiUlcothe . 

Do 

Do 

Clayton 

Clinton 

Do 

Do   

Do  

Do.» 


Do.* do 

Conoordia Lafayette. 

Diamond Newton... 

Eldorado  Springs i  Cedar 

Epworth I  Shelby 


Shannon 

do 

Washington 

Harrison 

Shelby 

Shannon  — 

Howard 

Cooper 


Linn 

Chariton... 
Livingston 

.....do 

do 

St.  Louis . . . 

Henry  

do 

do 

do 

do 


Depth. 


Feet. 
663-400 

+400 
740 
485 
664 
450 
+400 
1,006 
403 

451 
l.r)U5 
700 
539 
481 
1,060 
650 
850 
900 
900 
8a) 

913 

+200 


Diame- 
ter. 


Inches. 


Farmington  (near) .  St.  Francois. 

Fulton Calloway  . . . 

Galbralth  Spring » . . .  McjDonald  . . 

Gran  by  (sec.  6) 


Hlgginsville . 
Jackson  


Newton 

Lafayette... 

Cape   Girar- 
deau. 

JcffersonCity Colo 

Joplin 

Kansas  City* |  Jackson  


1,400 
410 

442,  (UiO 

730 
804 
876 
1,512 
531 

1,365 
1,375 

i,ooa-4a'> 


Lagrange^ '  Lewis., 

Lamar Barton 


Do do 

Lanahan M(;DonaId 

Lebanon *" Laclede... 


Do 


.do 


Lisle 

Lonetree .. 
Ix)uisiana  * 
Mexico   

Do 

Do 

Do 


Mine  Lamotte 

Moberly 

Moutgomery  City  . 

Do   

Mountaiuview 

Nevada 

Do 


Jackson . 


Pike 

Audrain 

do... 

do... 

do... 


Madison 


Montgomery  | 

do 

Howell  

Vernon  

do 


840 
1,0(KI 

+2,000 
1,428 
1,(MJ2 

453 

405 
1,000 
1,275 

588 

1, 125 

1,100 

±1,800 


670 

510 

1.500 

m) 

645 

NK) 
1,(101 


Yield 

per 

minute. 


OnUons. 


34 
6 


3 
6 


ro 


5 

1 


Many. 


e-4 


30 
7 


Heiffht 
water. 


Feet. 


^340 


Flows. 
-90 


-78 

-200 
Flows. 


Many. 


>> 


8 

8 

10 

6 

8-5* 


aoo 

175 
400 
125 
400 

2,700  I 


-90 
Flows. 


+30 
+20 
+20 
+20 
+  10 


8 


-28 
■80 


Remarks. 


Sereral  prospect 
holes. 


Abandoned. 
Temp.  47*. 


Water  strongly  min- 
eral; abandoned. 

Mineral  water. 
No  water. 


8 
12-5 
4i 


2* 

8  ;» 

...    Many. 

600 

:jo 

Many. 


-70  ' 


-40 

-80 

-3 


•6  i 


30 


-W) 
-30 


60 
6  I  Many. 


-LW 


6 

8  : 

6i 


50 
1 

35 


Flows. 

-300 


Many. 

Flows. 

8 

10 

-100 

8 

70 

5i 

80 

■  o 

4 

Flow**. 

8  < 

300 

200? 

10-54 

-;>o 

«  1 

70 

6  ' 

509 

Water  also  at  310  and 

425  feet. 
Temp.«4o. 
In  progress. 

Kulphnr  water. 


Prospect  borings  for 
lead. 


Sulphur  water;  not 
in  use. 

Ferruginous  water. 

Several  tost  borings 
for  gaa.  Water 
Irom  380-380  feet, 
590  feet  and  W6 
feet.  Brackish  and 
sulphur  water. 

Brackiah. 

Good  water.    Aban 
doned. 

Sulphur  water. 
Water  at  135  and  750 

feet. 
Water  at  380  and  420 

feet. 
No  water. 

Temp.  M.2*. 


For   oil   or 
8ucce».sful. 
water. 

Two  wells. 

Temp.  5^". 


.  un- 
Salt 


10 

8 


560 
7IN) 


-80  : 
-80 


Flows    to     +9    feet 
when  not  pumped. 


1  Analysis,  Mo.  Geol.  Surv. ,  vol.  3,  p.  71. 

«  Analysis,  Ibid. ,  pp.  90-97. 

'  Analysis,  Mo.  Geol.  Surv.  Reports,  vol.  3.  pp.  85-87, 118-119. 

*  Analysis.  Ibid.,  pp.  120-121. 

*  Analysis,  Mo.  Geol.  Surv.  Reports,  vol.  3,  pp.  117-118. 

*  Analysis,  U.  S.  Geol.  Surv.,  17th  report,  1885-96,  part  2,  p. 
'  Analysis.  Mo.  Gool.  Surv.  Reports,  vol.  3,  pn.  141-143. 

"  Record,  Geology  of  Missouri,  by  Broadhead,  part  2,  p.  86. 
^  Record  and  analysis,  Ibid.,  pp.  94-96. 
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MISSOURI— Continued. 


Location. 


Nevada > 
Oakdale . 
Osceola  . 


Philadelphia 


Poplarblnff 

Potosi 

Do 

Racine  (4  miles  north) 
Randolph  SprlnffB  * . . 

Rockport  


St.  Charles 

St.  Charles  (2  miles 

west). 
Sto.  Gtenevieve 


County. 


Vernon  . 
Shelby.. 
St.  Clair. 

Marion.. 


Butler 

Washington 

do 

Newton , 

Randolph... 

Atchison  ... 


St.  Charles. 
do 


St.  Joseph 
Do.... 
Do.... 


Ste.    Gene- 
vieve. 
Buchanan... 

do 

do 


I 


St.  Joseph   (5  miles    do... 

east).  I 

St. Louis I  St.Louis 

St. Louis  (asylum) do... 


St.  Louis  (Belcher) 3  .| do 

Do.* j do 

Do.* 1 do 


St.     Louis     (power 

house). 
Near  Chain  of  Rocks. 

Sedalia     (2     miles 

south). 

Springfield 

Steen  Prairie 

Sullivan    (5    miles 

south). 

Topsy 

True.sdail 

Unionville  


do 

do 

Pettis 


Greene 

Maries  . 

Crawford . . 


Mercer. 
Warren 
Putnam . 


Warrenton. 
Webb  City  . 


Westplains. . 

Winona 

Wright  City 


Warren 
Jasper  . 


Howell  - . 

i  Shannon 

Warren . 


Depth. 


Feet. 

800 

+4O0 

500 

470,558 

000 

5S^-5H5 

414 

1,244 

961) 

678 


1,276 
1,865 

70a-€00 

1,000 
1.300 
1,805 

500 

400-700 
3,843^ 

2,176 

2,199 

+1,590 


1,474 

7:J5 

1.500 
755 


Diame- 
ter. 

Yield 

per 

mmnto. 

^eiflfht 
water. 

Inches. 

GcMons. 
165 

Feet. 
Plows. 

7* 

-30 

300 

-6 

Remarks. 


1,200 

-|-4<lO 

+4«'0 

700 

450 
500 


575 

700 
406 


8-6 


9  1. 


4 
8-6 

6 


120 


-10 

-66 

-2 

-80 

Flows. 


Several  water  hori- 
zons. 

Two  wells;  much 
water;  little  oil. 


Three  wells. 


40 


Temp.  58°;    mineral 
I     water. 
—16  I  Prospect     hole     for 
coal;  water  at  143 
I      feet. 


-40 


6 
6 
6 


6       Few. 


For  oil  or  gas;  unsuc- 
cessful. 

Prospect  for  coal. 
Do. 

Temp.     82«;      water 
mineral. 


30  -200  I  Many  wells. 

Few I  Temp.     106"; 

I  water. 


salty 


9-3i 
()-3+ 


lO 


Flows. 


6 

9-6 

6 


ro 


-70 
-45 


roO 


To  sur- 
face. 


3  per  cent  salt  at  1,231 

feet;  temp.66"». 
Temp.    73.4°:   water 

from  1.515  feet. 
Gas  at  466  feet;  salt 

water  at  520  feet; 

temp.  69°   at  1,351 

feet. 


Water  slightly  sul- 
phurous. 

Prospect  hole;  full  of 
water. 

Water  at  610-^20  feet. 

Water  also  at  20,  240, 
and  800  feel. 


7^ 


Some    water   at   215 
feet;  abandoned. 
150  ,  Tliree  wells. 
20     Several  water  hori- 


10  100 

i^,4-:j     Many. 

6    


I 


—10 

-4<K) 

-70 


zons. 

Two  wells. 
Fine  water. 


PRINCIPAL   PUBLICATIONS    RELATING   TO    DEEP   BORINGS   IN 

MISSOURI. 

Report  on  the  Mineral  Waters  of  Missouri,  by  Paul  Schweitzer,  Missouri  Geo- 
loerical  Survey,  1890-1892,  Vol.  Ill,  256  pages.    Jefferson  City,  1892. 


1  Analysis,  Mo.  Oeol.  Surv.  Reporto,  vol.  3,  pp.  121-122. 

« Analysis,  Ibid.,  pp.  T^li. 

■Analysis,  Mt).  Geol.  Surv.  Reports,  vol.  3,  pp.  79-81. 

^Analysis  and  record,  St.  Louis  Acad.  Science,  Trans,,  vol.  1,  pp.  80-86,  pi.  5. 

^Record,  Am.  Jour.  Science,  2d  series,  vol.  15,  pp.  460-161. 
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MOXTAN^A. 


Location. 


County. 


Billings Yellowstone 

Bozeman Gallatin 


Chinook » Chotiuiu 

I 

Fort  AsMinnil)oine  ......  ..do   .. 


Fort  Keugh Custer 

Glendive      (court-  !  Montana 

house).  I 

Helena Lewis    and 

I      Clarke. 
Do do 


Do do 

Junction Yellowstone 


Miles  City Custer 

Do .do. 

Do ..-I do. 

Miles    City    (court-    do. 

house).  ' 

Miles  City  « , do . 

Do I do. 


Miles  City  (*)  miles 

west). 

Miles  City 

Do 

Miles  City  (10  miles 

east) 
Miles  City  (Reform 

School). 
Rosebud 


do 

do 

.do 
do 

do 

do 


Depth. 

Feet 
1,000 
600 

956 

1.050 

811 
500 

1,002 

1,023 

900 
500 

472 

481 
4.W  ' 
509 

456 
5:35 
420 

452-514 
479 
5r>3 


Diame- 
ter. 


Yltoldi  HeiRht 


per     I       of 
imisute.  I  water 


Remarks. 


1 

Inches.  jGoZ/oiM. 

Feet. 

1 

1 

-50 

15 


Flows. 


I  All  in  shale. 
j  Bored  for  oil;  nnsac- 
I      cessful. 

;  Waters  also  at  111 
I     2a),&iaand6SDfe*-t 
I  Small  flow  of  gas:  no 
I      water  below  65  feet: 
all  clay. 

Unsucceesful. 


1 


1 

1 

.............    -            J 

1...  . .-  .1 

4-2i... 
4-2A      . 
4-2J  ... 
4-2*  ... 

4-1 

4-2iL.. 

5 

.   

1 
1 

9-2i 

1  

'  Good    flow:     al«ai:- 

doned. 
-100  , 
Flows.     Small  flow  alsij  at  lU 

I      feet. 
Flows.  ; 
Flows.  I 
Flows.  I 
Flows. 


+1«  I  Temp.  57' 
Flows.  , 


Flow. 

Flow. 

Flows. 


I 


5  wells. 


507 .1    Flows. 


485-502 


4r-2f Flows.     Swells. 


'  Report  on  Irrigation,  52d  Cong.,  1st  sess..  Senate  Ex.  Doc.  41,  parts,  pp.  7^73.   Washington,  i-*'-*' 
2  Record,  Report  on  Irrigation,  52d  Cong.,  Ist  sess.,  Senate  JSz.  Doc.  No.  41,  part  8,  pp.  Td.  £•&. 
Washington,  l«9a. 
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